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LETTER  OF  TRANSMITTAL. 


Dbpabtmbnt  of  thb  Interior, 
Unitbd  States  Geological,  Survey, 

Division  of  Hydrography, 

Wcbshington^  April  i-4,  1899. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  on  the 
Water  Resources  of  the  Lower  Peninsula  of  Michigan,  by  Dr.  Alfred 
C.  Lane,  and  to  recommend  that  it  be  printed  as  one  of  the  series  of 
Water-Supply  and  Irrigation  Papers.  This  material  is  a  x>ortion  of  the 
outcome  of  Dr.  Lane's  studies  in  connection  with  the  geological  sur- 
vey of  the  State  of  Michigan,  supplemented  by  statements  received  in 
reply  to  circulars  sent  throughout  the  Lower  Peninsula  of  Michigan 
to  well  drillers  and  others  likely  to  be  well  informed  and  interested 
in  the  subject.  The  facts  thus  gathered  have  been  collated  with  the 
result  of  two  months'  field  work  during  the  autumn  of  1897.  The 
complete  report  has  assumed  such  bulk  that  it  has  been  found  neces- 
sary to  divide  it  into  several  parts.  The  first  of  these,  containing 
the  general  conclusions,  is  herewith  presented.  The  remaining  data 
fall  naturally  into  two  classes,  the  first  consisting  of  analyses  of 
waters  and  the  second  of  detailed  descriptions  of  the  supply  at  vari- 
ous localities  visited.  It  is  hoped  that  these  data  may  be  printed  as 
succeeding  papers  of  this  series. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  Umted  States  Geological  Survey. 
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WATER  RESOURCES  OF  THE  LOWER  PENINSUU  OF 

MICHIGAN. 


By  Alfred  C.  Laitb. 


VARIOUS  USES  OF  WATER. 

The  region  nnder  consideration  is  generously  endowed  with  water 
supplies,  but  it  is  apparent  from  experience  elsewhere  that  these  may 
be  wasted  or  seriously  depreciated  in  value  by  carelessness  or  lack  of 
knowledge  of  their  extent  and  limitations.  It  is  a  common  error  to 
supxK)se  that  if  the  limit  to  the  supply  of  anything  is  not  clearly  in 
sight  that  the  supply  is  inexhaustible;  for  example,  the  '' practically 
inexhaustible"  supplies  of  pine  of  the  Saginaw  Valley  of  thirty  years 
ago  are  now  nearly  gone,  and  instances  are  cited  of  the  sale  of  privi- 
leges of  cutting  the  stumps  on  land  already  cut  over  for  sums  greater 
than  the  tracts  originally  cost.  '^Inexhaustible  supplies"  of  natural 
gas  have  failed;  and,  in  short,  it  may  be  said  that  there  is  hardly  a 
natural  resource  whose  quantity  or  quality  has  not  seriously  deterio- 
rated throqgh  lavish  use. 

In  many  i>arts  of  the  United  States  formerly  as  well  watered  as 
Michigan  there  has  been  apparently  a  shrinkage  of  water  supply. 
The  streams  which  at  one  time  carried  considerable  volumes  of  water 
throughout  the  year  are  now  reported  to  be,  during  summer  at  least, 
nearly  dry.  Flowing  wells  have  failed  in  many  regions,  either  from 
faulty  construction  or  from  the  multiplication  of  deep  borings.  In 
order,  therefore,  that  it  may  be  possible  not  only  to  utilize  the  water 
resources  of  the  area  under  discussion  to  the  fullest  possible  extent, 
but  also  to  guard  against  causes  of  failure,  it  is  desirable  to  bring 
together  all  of  the  information  available,  combining  the  facts  and 
drawing  broad  conclusions. 

Although  the  uses  of  water  are  almost  infinitely  varied,  yet  all  kinds 

of  water  are  not  equally  available  for  all  purposes.    The  wide  range 

in  the  quantity  of  water  and  in  its  quality  leads  to  an  equal  diversity 

in  application;  for  example,  Michigan,  as  a  whole,  being  humid,  water 

has  little  value  for  agriculture,  irrigation  being  practically  confined 

to  the  use  of  water  from  city  supplies  applied  to  lawns,  flower  beds, 

and  rarely  to  fruit  trees  and  market  gardens.    On  the  other  hand, 
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although  water  is  so  abundant  consideration  must  be  paid  to  its  qual- 
ity; that  is,  to  the  amount  and  kind  of  organic  or  inorganic  matter 
held  in  solution  or  suspension.  Another  matter  of  primary  importance 
is  the  elevation  of  the  water  with  reference  to  x>ossible  fall,  or,  in  other 
words,  the  head  available.  Ui>on  this  latter  feature  dei)ends  whether 
it  can  be  used  as  a  source  of  x>ower  or  whether  power  must  be  con- 
sumed in  raising  it. 

For  certain  uses  practically  the  only  thing  desired  is  abundance 
of  supply;  for  example,  such  city  uses  as  fire  protection,  flushing 
sewers,  and  cleaning  streets.  The  head  required  is  generally  obtained 
artificially.  Only  in  exceptionally  favored  localities,  such,  for  exam- 
ple, as  those  close  to  the  edge  of  the  moraine  country  on  the  lakeward 
side,  is  there  head  sufficient  to  obviate  the  use  of  pumps.  This  is  the 
case  in  Hart,  T.  15  N.,  R.  17  W.;  Rochester,  T.  3  N.,  R.  11  E.;  and 
Rose,  T.  24N.,  R.  3  E. 

There  are  other  uses,  however,  in  which  quality  is  the  first  consid- 
eration; as,  for  instance,  cooking  and  drinking.  Finally,  as  a  source 
of  power  water  must,  of  course,  have  head. 

Thus  the  different  sources  of  supply  and  the  different  uses  have  been 
classified,  so  that  one  may  see  at  a  glance  the  more  important  factors 
in  a  given  use  and  the  sources  which  best  meet  the  requirements. 
The  most  difficult  problems  to  solve,  however,  are  those  where  many 
needs  are  to  be  met  by  one  system ;  where,  as  in  a  supply  for  a  city, 
it'is  frequently  necessary  that  ample  quantity  for  fire  protection  and 
hose  use  should  be  combined  with  at  least  a  good  degree  of  organic 
purity  for  drinking  purposes  and,  if  possible,  with  sufficient  purity 
from  lime  and  inorganic  salts  to  be  available  for  laundry  use  and  for 
boilers.  Such  cases  require  special  consideration  and  often  present 
very  complex  problems. 

USES  WHERE  QUANTITY  IS  IMPORTANT. 
TRANSPORTATION  ON  THE  GREAT  LAKES. 

The  great  extent  of  shore  line  and  the  use  of  the  waters  of  the 
State  for  transportation  require  some  notice,  especially  in  their  bearing 
on  other  water  uses.  Michigan  is  more  cut  up  by  the  Gkeat  Lakes  than 
any  other  State,  having  some  1,600  miles  of  shore  line,  and  the  com- 
merce on  the'  Lakes  is  growing  at  a  remarkable  rate.  The  commerce 
past  Detroit  is  greater  than  that  past  any  other  port  in  the  world 
The  harbor  master  of  Sand  Beach  estimates  that  a  boat  passes  within 
sight  every  five  minutes,  day  and  night. 

If  commerce  increases  in  the  future  as  in  the  x>ast,  it  may  be  doubt- 
ful whether  the  Great  Lakes,  and  rivers  like  the  St.  Clair  and  Detroit, 
independent  of  the  question  of  sewage  emptied  into  them,  will  be  suf- 
ficiently free  from  organic  impurities  to  be  available  for  city  water 
supplies.  At  present  the  Great  Lakes  are  the  source  of  the  water  sup- 
ply of  most  of  the  cities  and  towns  on  their  shoi'es. 
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NAVIGATION  ON  THE  SMALLER  LAKES  AND  RIVERS. 

On  many  of  the  larger  inland  lakes,  in  which  Michigan  is  so  rich, 
and  on  some  rivers  tngs  have  been  employed,  mainly  for  pleasure  or 
for  towing  logs.  The  lower  parts  of  the  rivers  are  used  for  harbors. 
Along  the  west  shore,  as  at  Manistee,  Ludington,  and  Frankfort,  the 
lower  reaches  of  all  the  rivers  are  practically  lakes.  These  lakes  are 
sei>arated  from  Lake  Michigan  by  sand  bars,  which  often  have  to 
be  cut,  after  which  the  lakes  make  good  small  harbors.  In  this  way 
Charlevoix  Harbor  has  been  connected  with  Pine  Lake  by  a  short  cut, 
and  Cheboygan  is  located  on  a  river  the  mouth  of  which  serves  as  a 
harbor.  In  the  part  of  the  State  lying  between  Traverse  City  and 
Cheboygan  it  has  been  possible,  with  some  artificial  aid,  to  establish 
an  extensive  system  of  inland  navigation.  It  may  be  noted,  too,  that 
for  a  long  distance  from  its  mouth  the  Saginaw  River  and  its  various 
branches  are  practically  at  lake  level.  In  fact  the  watershed  between 
the  Grand  River  and  the  Saginaw,  near  Ashley,  is  only  about  87  feet 
above  the  lake  level,  so  that  if,  as  has  been  suggested,  a  canal  were 
to  be  built  to  cut  off  the  long  northern  voyage  by  the  Straits  of  Mack- 
inac from  Chicago  and  Milwaukee,  it  would  be  far  easier  to  construct 
it  along  this  line  than  any  other.  On  the  Michigan  side  Grand  River 
is  navigable  nearly  to  Grand  Rapids.  Besides  Saginaw  River  up  to 
St.  Charles,  the  mouths  of  Black  River  at  Port  Huron,  of  Thunder  Bay 
River  at  Alpena,  and  of  Huron  River  ^re  used  for  short  distances. 
Transportation  by  boat  has,  however,  been  checked  along  Saginaw 
River  and  other  streams  by  their  extensive  use  for  the  transportation 
of  logs,  to  say  nothing  of  th€  fact  that  they  are  very  crooked. 

LOG  DRIVING. 

A  glance  at  the  map  will  show  that  the  branches  of  the  Saginaw 
diverge  in  every  direction,  from  north-northeast  to  east-northeast,  and 
they  have  served  to  transport  the  puies  to  Saginaw  and  Bay  City.  For 
miles  along  their  course  the  rivers  have  been  packed  solid  with  logs. 
Lumbermen's  dams  have  been  constructed  along  the  headwaters, 
their  object  being  to  accentuate  and  regulate  the  floods.  The  Sagi- 
naw Valley  has  now,  however,  been  converted  into  farming  country, 
and  Saginaw  has  its  city  water  supply — ^which,  fortunately,  is  not  much 
used  for  drinking — ^from  these  rivers.  In  considering  the  use  of  the 
Saginaw  and  its  branches  for  such  purposes  the  fact  must  not  be  for- 
gotten that  for  a  large  part  of  the  year  they  are  stagnant  water,  with 
the  current  setting  up  and  down  with  the  changes  in  the  wind  and  in 
the  level  of  the  bay,  and  that  they  are  lined  with  rotting  logs.  It  is 
no  wonder  that  the  analyses  of  such  streams  show  much  organic  mat- 
ter. There  are  all  along  the  shores  of  the  peninsula,  at  the  mouths 
of  the  more  important  streams,  towns  of  considerable  size  which 
obtained  their  start  as  sawmill  towns  and  which  are,  or  were,  supported 
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by  tHe  occnpation  of  turning  the  logs  floated  down  to  them  into 
merchantable  lumber.  The  size  of  such  towns  is  roughly  propor- 
tional to  the  drainage  area  of  the  streams  which  furnish  them  their 
raw  material  and  supply  them  with  harbors. 

CITY  USES. 

One  of  the  most  important  uses  of  water  is  as  a  protection  against 
fire,  and  this  use  has,  indeed,  called  into  existence  most  of  the  city 
water  supplies.  Many  towns — e.  g.,  Weston  (T.  8  S.,  R.  3  E.)  and 
Grayling  (T.  26  N.,  R.  3  W.) — ^now  have  their  water  supply  in  this 
first  stage  of  development. 

Michigan  towns  are  invariably  built  of  wood,  at  least  at  first,  and 
even  the.  largest  cities  are  composed  chiefly  of  wooden  buildings. 
Fire  protection  is  consequently  essential  to  the  existence  of  the  cities. 
Saginaw,  Cheboygan,  Ontonagon,  and  Bad  Axe  are  but  a  few  of  the 
towns  that  have  been  devastated  by  fire.  For  fire  protection  the  pre- 
requisite is  an  ample  supply  of  water.  The  necessary  head  is  nearly 
always  obtained  artificially,  partly  by  the  use  of  steam  pumps  and 
partly  by  fire  engines.  A  few  of  the  smaller  towns  have  sufficient 
natural  head. 

To  insure  an  ample  supply  of  water  the  fiuctuations  of  level  of  the 
water  surface  must  be  taken  into  consideration,  and  not  merely  the 
seasonal  fiuctuations,  but,  if  the  Great  Lakes  are  drawn  on,  the  sud- 
den fiuctuations  to  which  they  are  peculiarly  subject.  The  Saginaw 
River  and  its  branches,  as  has  been  said,  are  at  lake  level  and  sub- 
ject to  these  fiuctuations,  the  current  running  sometimes  upstream 
and  sometimes  downstream.  As  the  present  waterworks  are 
arranged,  the  water  for  both  East  and  West  Saginaw  is  taken  from 
settling  basins,  and  on  at  least  one  occasion,  in  the  fall  of  1895,^  the 
level  was  lowered  dangerously  near  that  of  the  intake  pipe.  If  water 
should  fail  in  the  midst  of  a  fire  like  that  which,  on  May  20, 1893, 
in  a  few  hours  destroyed  property  to  the  value  of  $650,000,  the  city 
would  be  practically  destroyed.  There  is  more  than  a  mere  chance 
of  this  coincidence,  for,  as  will  be  shown  later,  low  water  may  be 
caused  by  strong  southwest  winds.  Such  warm,  dry,  strong  winds 
are  likely  to  occur.  In  fact,  such  a  wind  is  said  to  have  been  blowing 
50  miles  an  hour  at  the  time  of  the  fire  just  mentioned.  If  a  dam 
were  built  across  the  river  so  as  to  check  the  reversal  of  its  current, 
it  would  not  only  guard  against  this  danger  but  would  prevent  the 
carriage  of  the  sewage  of  the  city  into  the  water  supply.  The  water 
of  the  regular  supply  at  Saginaw  is  not  fit  to  drink  unless  it  is  boiled 
or  filtered,  and  the  city  has  drilled  29  wells  to  the  underlying  sand- 
stones in  order  to  obtain  water  suitable  for  drinking. 

The  jwssibility  of  retreat  below  the  level  of  intake  is  probably  the 
only  danger  to  be  guarded  against  in  the  use  of  lakes  and  rivers  for 

*■  See  Anntial  Beport  of  Water  Board  of  East  Saginaw,  18W«  p.  la 
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water  supply  for  fire  protection.  The  flactuationB  of  mean  lake  level 
have  been  about  7  feet  dnrins:  the  century.  To  allow  for  exceptional 
low  water  due  to  strong  winds,  it  would  be  well  to  have  intake  pipes 
at  least  10  feet  below  high-water  level. 

Almost  all  kinds  of  wells  are  likely  to  fail  to  satisfy  the  demands 
of  the  large  towns,  and  one  hears  continually,  in  towns  that  are  sup- 
plied from  wells,  of  steps  taken  to  procure  more  water.  Often  where 
the  water  supply  is  from  wells,  as  at  Mount  Pleasant,  the  plant  is 
so  arranged  that  in  fire  emergency  use  may  be  made  of  some  additional 
body  of  water  for  supplementary  supply.  But  in  such  a  case  the 
water  should  be  taken  through  a  filter  gallery,  as  otherwise  there  will 
be  constant  suspicion  and  complaint  that  the  engineer  is  substituting 
the  inferior  supply,  which  of  course  he  should  not  do  without  warning. 

However,  the  demand  on  a  public  water  supply  is  very  heavy,  and 
in  this  demand  the  use  of  water  with  the  garden  hose,  the  only 
form  of  irrigation  prevalent  in  Michigan,  is  no  inconsiderable  factor. 
Almost  universally  where  a  city  water  supply  exists  it  is  used  with 
hose  upon  lawns  and  gardens.  This  use  is  generally  lavish,  though 
not  infrequently  checked  somewhat  by  regulations  limiting  the  use 
to  certain  hours,  prohibiting  the  use  of  sprinklers  all  night,  etc. 
Thus,  in  Saginaw,  where  the  city  water  supply  is  little  used  for 
drinking,  an  average  of  6,678,651  gallons  a  day  were  pumped  in  the 
year  ending  February  29,  1896,  which,  for  a  population  of  45,000 
(18,000  users),  is  more  than  148  (371)  gallons  per  capita,  a  quantity 
much  larger  than  has  been  considered  necessary  in  England,  viz,  30 
gaUons  a  day  per  capita;  and,  as  we  have  just  said,  well  water  is 
very  largely  used  for  domestic  purposes.  In  East  Saginaw,  in  the 
same  year,  313,705,672  gallons  were  pumx)ed  in  June  and  July,  against 
263,225,916  in  April  and  May  (hours  of  fire  pressure  26^  to  18),  while 
in  West  Saginaw  the  corresx>onding  figures  are  158,018,960  and 
132,089,771  (hours  of  fire  pressure  14  to  13),  showing  an  increase  of 
nearly  20  i>er  cent  in  summer  use,  largely  through  the  use  of  garden 
hose.  Besides  these  there  are  other  considerable  city  uses — flushing 
sewers  and  urinals,  washing  sidewalks,  vrindows,  and  streets,  running 
water  motors,  etc.  For  all  these  the  quality  of  the  water  is  compara- 
tively unimportant.  Indeed,  the  very  sewage  matter  which  renders  it 
unfit  for  drinking,  and  the  sulphates  and  carbonates  of  lime  which  ren- 
der it  less  available  for  laundry  and  boiler  use,  are  an  advantage, 
rather  than  otherwise,  when  sprinkled  on  gardens.  The  difficulty  in 
city  water  supply  arises  in  the  antagonism  of  these  two  classes  of  uses — 
those  which  demand  an  indefinitely  large  supply  regardless  of  quality, 
and  those  which  require  a  high  degree  of  purity.  Michigan  cities 
usually  consume  100  to  200  gallons  a  day  for  each  inhabitant.  The 
introduction  of  meters  would  result  in  some  saving.  The  use  of  gar-  \ 
den  hose  is  often  lavish  and  in  violation  of  rules.  The  use  of  a  meter 
should  be  compulsory  where  garden  hose  is  employed.  Unfortunately, 
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the  need  of  quantity  has  too  often  been  considered  alone,  and  even 
the  most  rudimentary  precautions  for  purity  have  been  neglected. 

West  Saginaw  takes  its  water  direct  from  the  river,  under  a  dock 
close  to  the  heart  of  the  city  and  near  a  large  sewer,  the  settling  tank 
being  76  by  22  feet  and  the  river  current  variable.  The  water  is  of  a 
muddy-green  color,  with  a  good  deal  of  bark  floating  around  in  the 
tank.  Alma  takes  water  from  a  mill  race  300  feet  above  a  sewer. 
There  is  no  protection  to  the  banks  of  the  stream  above.  Both  of 
these  places,  however,  use  almost  exclusively  for  drinking  purposes 
water  from  deep  wells  which  comes  under  clay  and  is  therefore  safe. 
In  Saginaw  it  is  said  that  the  salt  water  from  the  deeper  wells  has 
found  its  way  into  some  of  the  shallower  rock  wells  and  contaminated 
them,  and  the  waste  bitterns  go  into  the  river.  But  individual  wells, 
however  numerous,  are  not  an  ideal  supply  for  a  large  town,  with  the 
running  here  and  there  to  neighbors,  the  possibility  of  some  wells 
being  too  shallow  to  be  safe,  and  the  liability  to  contamination  from 
dug  wells.  The  Saginaw  is  so  sluggish  a  stream  that  it  is  practically 
a  pond.  A  plant  situated  as  far  up  as  the  East  Saginaw  plant,  there- 
fore, if  the  banks  were  bought  for  a  "riverside  park"  and  protected 
for  a  few  miles,  and  if  the  reflux  of  water  from  the  lower  river  were 
prevented,  especially  if  there  were  a  gravel  bed  instead  of  decaying 
planks  between  the  settling  tank  and  the  river,  might  furnish  a  fairly 
satisfactory  water  supply;  but  one  would  probably  not  have  to  go 
far — ^not  beyond  Vassar — ^to  secure  an  ample  and  pure  supply  in  sand- 
stone. Analyses  of  these  waters  will  be  given  in  a  later  paper.  Most 
of  the  other  large  cities  are  supplied  from  the  Great  Lakes,  and  seem 
to  find  no  objection  to  that  source,  though  Chicago's  experience  shows 
that  there  is  a  possibility  of  danger  to  be  guarded  against. 

Many  towns,  however,  like  Rochester,  Birmingham,  Hunt,  Petoskey, 
Charlevoix,  Harbor  Springs,  Bay  View,  and  Cheboygan  have  found  a 
suf&cient  supply  in  deep  wells,  and  most  towns  of  the  State  could  be 
thus  supplied  if  they  were  willing  to  give  up  the  use  for  garden  hose, 
motors,  etc.  The  construction  of  a  large  reservoir  to  meet  the  extra 
heavy  demand  of  summer  might  be  feasible.  One  practicable  way 
would  be  to  limit  the  use  of  garden  hose  to  a  short  time  each  day, 
during  which  time  the  reservoir  or  some  inferior  filtered  source  of 
supply  could  be  drawn  upon.  It  is  an  advantage  of  this  plan  that 
the  efficacy  of  a  gravel  filter  bed  is  immensely  increased  if  it  is  not 
continuously  in  use. 

The  use  of  water  in  our  Michigan  towns  is  extravagant,  and  the 
difficulty  of  securing  a  proper  quality  is  correspondingly  increased. 
For  example.  Bay  City,  with  a  population  of  about  33,000,  besides 
the  supply  from  wells,  in  1896  used  197  gallons  a  day,  about  5  per 
cent  of  which  was  through  manufacturing  meters,  5  per  cent  through 
domestic  meters,  and  the  rest  at  fixed  rates.  The  sx)ecial  water  sup- 
ply committee  of  the  city  council  of  Traverse  City,  1897,  George  W, 
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Rafter,  consulting  engineer,  figured  upon  supplying  100  gallons  a  day 
to  a  i)opulation  three  times  the  present.  This  is  one  of  the  most 
carefully  studied  of  recent  propositions  and  the  report  compares  a 
number  of  typical  city  sources  of  supply. 

USES  WHERE  HEAD  IS  IMPORTANT. 

The  use  of  water  for  motive  power  depends  not  only  on  the  quan- 
tity, but  also  on  the  head.  The  total  energy  is  expressed  by  the 
product  of  these  two.  There  are  two  widely  different  conditions 
under  which  water  is  thus  used.  The  one  is  where  the  head  is  first 
artificially  obtained  and  the  water  is  raised  by  pumping.  In  such 
cases  the  water  acts  merely  as  a  distributor  of  power.  In  this  way 
water  is  used  in  many  of  the  cities  and  towns,  running  motors  for 
light  machinery,  especially  for  elevators.  The  chief  advantages  are 
that  it  is  ready  at  hand,  quiet,  noiseless,  odorless,  not  dangerous,  and 
convenient  in  every  way.  There  is,  however,  considerable  loss  of 
head  in  narrow  and  crooked  pipes,  and  it  is  not  the  most  economical 
method  of  transmitting  i>ower,  while  the  extra  quantity  of  water 
needed  makes  the  attainment  of  desirable  quality  far  more  difficult. 
Electricity  may  be  expected  to  relieve  our  water  systems  of  much  of 
this  burden  of  power  transmission.  The  other  use  is  where  natural 
water  power  is  utilized.  In  resx>ect  to  natural  water  power,  Michigan 
is  much  better  situated  than  many  adjacent  States,  though  there  are 
no  very  large  streams  except  the  international  Detroit  and  St.  Clair 
rivers,  which  are  not  dammed. 

A  large  area,  both  in  the  northern  and  soathem  part  of  the  State, 
is  more  than  1,000  feet  above  tide,  or  say  400  feet  above  lake  level. 
It  will  be  noticed,  too,  from  the  contour  map  (PL  I)  and  from  fig.  10 
that  the  descent  from  the  1,000  to  the  700-foot  contour  line  is  fre- 
quently quite  rapid,  and  here  is  a  great  belt  of  water  powers. 

In  a  few  cases,  as  at  Traverse  City  and  around  West  Branch,  flow- 
ing wells  furnish  such  a  volume  of  water  as  to  be  of  considerable 
power.  Around  West  Branch  and  Rose  City  sfich  wells  distribute 
water  into  the  second  stories  of  the  houses,  and  at  Traverse  City,  as  at 
Harbor  Springs,  it  has  been  proposed  to  use  part  of  the  water  in  a 
hydraulic  ram  to  elevate  the  remainder. 

But  the  head  of  flowing  wells  is  of  most  importance  in  saving  the 
power,  vdndmill  or  steam,  which  would  otherwise  be  required  to  ele- 
vate the  water. 

There  are  also  many  lakes — and  these  chiefly  in  the  highest  parts 
of  the  State— which  help  to  steady  the  flow  of  the  streams  by  acting 
as  reservoirs,  though  many  of  them  are  quite  variable  in  their  water 
stage.  For  instance.  Clam  Lake,  near  Cadillac,  is  said  to  have 
varied  more  than  16  feet.  Thus  conditions  are  quite  favorable  to  the 
development  of  water  power  in  streams,  and  small  water  powers, 
suited  for  village  waterworks,  electric-light  plants,  country  sawmills 
IBB  30 2 
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and  gristmills,  etc.,  are  widely  distributed  along  the  edge  of  and  in 
the  morainal  areas.  Almost  uniformly  wherever,  as  explained  later 
(p.  63),  the  earlier  high-level  Glacial  drainage  has  been  captured  and 
diverted  by  streams  which  have  worked  back  across  the  moraines, 
good  sites  for  water  powers  may  be  found,  though  thus  far  the  abun- 
dance of  fuel  and  the  relatively  heavy  first  cost  of  waterworks  improve- 
ments have  retarded  their  development  somewhat. 

WATER  POWERS  IN  MICHIGAN. 

The  following  table  of  places  where  water  powers  have  been  observed 
or  rei)orted  is  doubtless  very  incomplete.  More  complete  accounts 
are  given  of  the  two  important  regions  which  have  been  studied  in 
greater  detail.  The  southeastern  part  has  been  studied  in  connec- 
tion with  the  Tenth  Census,  and  Kalamazoo  River  has  been  studied 
by  Mr.  Robert  E.  Horton.  It  must  not  by  any  means  be  inferred 
that  the  Huron  and  the  Kalamazoo  are,  from  the  importance  given 
to  them,  the  most  important  water-power  streams  of  the  State.  They 
are  merely  those  of  which  the  most  is  known,  and  the  study  of  the 
Grand  River  system,  and  others  equally  important  in  the  northern 
part  of  the  State,  would  require  more  time  and  money  than  have  been 
allotted  to  this  paper. 

Water  powers  in  Michiffan, 

LAKE  ERIE  DRAINAGE. 


StreaixL 


Baisin  River 
Huron  River 


Do 


Do 

Do 

Do 

Tiffin  River 


Location  of  power. 


Few  above  Adrian 

Dexter  to  TpeUanti, 
mainly. 


Ypsilanti  (5-foot  fall) . . 


Pettibone  mills,  Milford 
Below  Hndfion 


See  Report  on  Water  Powers, 
Tenth  Oensus.  See  also  Win- 
chell,  Gtoology  of  Washtenaw 
County,  1881,  p.  19. 

Water  power  for  waterworks 
pumping  station. 

OristmilL    About  10-foot  fUl. 

Underwear  factory. 

Paper  mill. 

SmalL 


DETROIT  RIVER  DRAINAQE. 

River  Rouge 
Biver). 

(Ecoroe 

Northville 

Above  Plymouth;  small  flow, 
considerable  fall. 

LAKE  ST.  CLAIR  DRAIN  AGE. 

Clinton  River 

Rochester 

Above   Utica    w^    numerous 

small  powers. 

LAirs.] 
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Water  powers  in  Michigan — Continued. 

ST.  CLAIR  RIVER  DRAINAGE. 


Stream. 

Location  of  power. 

Remarks. 

Belle  Biver 

Mfll  Creek 

Below  Yale 

Black  River 

Poor  power;  a  stream  of  dimin- 
ishing drainage  area;  swamps 
being  cleared   and  summer 
drooght  becoming 'aooentn- 
ated. 

THUMB  OF  MICmaAN. 


Allen  C«»k . 

Rock  Falls 

10-foot  head:  not  much  water: 

Willow  River 

Huron 

Near  Popple 

abandoned. 
Abandoned. 

Pinnebog  River 

Pigeon  River 

Not  used;  drainage  area  grow- 
ing, but  the  swamps  are  being 
cleared. 

Not  used. 

Above  Wolfton 

SAGINAW  RIVER  DRAINAGE. 


Cass  River 

A  stream  of  diminishing  drain- 
age and  sandy  course. 
Undeveloped. 

Do 

Caro 

Vassar 

Do 

4-foot  fall. 

Flint  River 

Flint  to  Columbiaville- 

Owoeso 

Corunna.. 

St.  Louis  and  Alma,  up 
to  TVtillbrook. 

Mount  Pleasant 

Barryton 

Good  power  near  Flint. 

Shiawassee  River 

Do 

10-foot  fall. 

Pine  River 

At  St.  Louis  dam;  at  Alma  a 

Chippewa  River 

Do 

dam  with  10-foot  head  helps 
run  elevator  and  waterworks. 

15-foot  fall  runs  waterworks, 
electric-light  plant,  and  ele- 
vator. 

Dam;  8-foot  fall. 

Salt  River 

Tobacco  River 

Farwell  and  Clare 

Tittabawassee  River 

Very  sandy  and  sluggish,  except 
at  head  waters. 
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WcUer  paioerB  in  Michigan — Contintied. 

LAKE  HUBON  DRAINAGE  NOBTH  OF  SAGINAW  RIVER. 


Stream. 

Location  of  power. 

Remarks. 

Rifle  River 

Gkx>dmill  stream. 

Hoaghton  Czeek 

Rose  City 

10-foot  dam. 

An  GroB  River 

Small  stream,  with  considerable 

valleys  and  fall  where  cross- 

mg  the  200-foot  contour  line. 

AaSable%ver 

li^peciAUv        tbrniiffh 

Splendid  water  powers:  nnnsed. 

the    stretch    from 

largely  fed  by  springs,  with 

MiotoT.  24N.,  R. 

a  comparatively  small  flood 

6E. 

plain. 

Do_..    

Grayling  ..   *. 

Dam. 

Thnnder  Bay  River 

Alpena.    Noxnerons. . . 

Brodwell's  mills  and    Trow- 
bridge's mills. 

Cheboygan  River 

Long  Rapids  to  Hill- 
man. 

Little  f aU. 

Oqneoc  River 

Stnrgeon  River 

Sec.  3,  T.  84  N.,  R.  1  E. 

Mill. 

Rainy  River 

Probably  some  powers:    rock 

banks. 

Pigeon  River 

Mnlletts  River 

Wolverine   to   Trow- 
bridge. 

LAKE  MICHIGAN  DRAINAGE. 


Bear  River 

Petofikey ..... 

Ingalls  mills. 

Other  similar  small  streams  to 

Bovne  River  _ 

Boyne  Falls 

southwest. 

Elk  River 

Elk  Rapids 

Wing    dam    and    undershot 

wheel;  put  in  as  early  as  1850; 

• 

note  the  very  large  lake  drain- 
age; steady  power. 

Duck  Lake 

Outlet 

9-foot  fall;    60-70   horsepower 

used. 

Boardman  River 

Variable;    near  Traverse  City 
20-foot  head;  flow  in  drought 
about  100  cubic  feet  a  second. 

• 

See  p.  81. 

Cam  River 

Outlet  of  Carp  Lake;  5  to  6  foot 

faU. 

Betsie  River 

Weldon  Township 

Do 

Benzonia 

LANK.] 
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Water  powers  in  Michigan — Continned. 
LAKE  MIOmOAN  DBAINAaE-Co&tinQed. 


Location  of  pover. 


Crystal  Creek.. 
Manistee  Biver. 


Soafh  Branch 

Little  Manistee  Ri^er 

Big  Sable  Riyer 

Kotepfleakan  River. . . 

White  River 

Mnskegon  River 

Do 


Crockery  Creek  .. 

Rabbit  River 

Kalamazoo  River. 

Coldwater  River . 

Hog  Creek 

Fawn  River 

Gkrand  River 

Flat  River 


Ronge  River 
Bear  Creek.. 
Apple  Creek. 


Do. 


Thomapple  River 
Do 

Cedar  Creek 

Do 

Buck  Creek 

G^rand  River 


Do. 


Outlet  of  Glen  Lake. 
Lower  iMurt 


2  or  3  powers. 

Sandy  valley;  drainage  area  di- 
minishing; nmnerons  small 
mill  Bites;  qnite  variable. 

Rapid  fall  below  Tnstin. 


Newaygo . . 
Big  Rapids 


80-foot  fall;  large  slream;  stead- 
ied inflow  by  lakes  and 
springs;  fnmitore  factories, 
etc. 


See  report  by  Robert  E.  Horton, 
pp.  2^-38. 


Near  Bnrrows 
Grand  Rapids. 
FaUassbnrg... 


Cannon,T.8  N. ,  R.  10  W 
Caledonia,  T.  5  N.,  R. 

low. 

Alpine,  T.8N.,R.  12  W 

Cascade,T.6N. ,  R.10  W 
Whitneyville 


Large  manufacturing  power. 
85-foot  fall  between  here  and 
atliOwelL 

200-foot  fall  in  12  miles. 


Ada 


Grand  Ledge 


Do. 


North  Lansing. 
Eaton  Rapids.. 


Tributaries   of  Grand   River; 

mill  sites  in  eastern  part. 
Fine  water  power. 

GK)od  mill  stream. 

TwomiUs. 

Mill  stream. 

Factories.  There  are  numerous 
small  powers  among  the  head- 
waters of  the  Grand. 

9-footfall.  Also  a  dam  at  South 
Lansing. 
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Water  powers  in  Michigan — Continaed. 
LAKE  MICHIQAN  DRAINAOE-Continned. 


Stream. 

Location  of  power. 

Remarks. 

Grand  River 

Jackson 

Almena,  T.  2  S. ,  R 13  W 

Dams:  abont  K^-foot  head. 

Paw  Paw  River 

Spring  Brook,  one  of  the  head- 

waters, has  18-foot  head  run- 

ning a  saw  and  feed  mill,  about 

821  cubic  feet  a  day;  lowers 

5  or  6  inches  a  day,  bat  fills  up 

over  night.    The  brook  starts 

in  a  big  spring  1  mile  away 

and  passes  through  two  lakes. 

Adjacent  brooks  furnish  sim- 

ilar powers  of  local  value. 

REPORT  ON  THE  RUN-OFF  AND  WATER  POWER  OF  KALAMAZOO  RIVER. 


By  Robert  E.  Hokton. 


GEOLOGY  AND  TOPOGRAPHY. 

The  Kalamazoo  River  rises  in  the  south  central  part  of  the  Lower 
Peninsula  of  Michigan  and  flows  in  a  northwesterly  direction,  debouch- 
ing Into  Lake  Michigan  3^  miles  below  the  village  of  Saugatuck.  Its 
current  is  slow,  averaging  about  3  miles  an  hour,  and  its  slope  uni- 
form, there  being  no  waterfalls  and  no  considerable  rapids  except  at 
two  i)oints,  at  each  of  which  there  occurs  a  descent  of  3  or  4  feet  within 
a  distance  of  a  few  rods.  The  river  flows  through  a  rich  agricultural 
region,  in  a  valley  from  one-fourth  of  a  mile  to  2  or  3  miles  in  width, 
backed  by  low  hills  or  sloping  gently  to  the  upland.  The  flat  lands 
in  the  valley  are  often  flooded  and  serve  largely  as  permanent  mead- 
ows through  which  the  river  winds,  often  in  a  very  tortuous  manner. 
Two  branches  unite  at  Albion  to  form  the  main  stream.  The  total 
length  from  the  point  of  juncture  to  the  outlet  is  101  miles. 

In  respect  to  the  climate,  topography,  and  run-off  of  its  watershed 
Kalamazoo  River  may  be  considered  as  typical  of  the  larger  streams 
of  southern  Michigan,  including  the  Grand,  the  St.  Joseph,  and  the 
Raisin,  all  of  which  find  their  sources  within  a  few  miles  of  each 
other  and  of  the  Kalamazoo.  The  drainage  area  covers  1,750  square 
miles  overlaid  with  Pleistocene  deposits.  The  surface  formations  are 
distributed  about  as  follows:  Morainal  ridge  and  glacial  drift  covers 
between  25  and  45  per  cent  of  the  watershed;  clay-loam  till  plains,  25 
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to  35  per  cent;  overwash  vaUey  train  deposits  of  the  ice  drainage,  35 
to  45  per  cent.  The  latter  lies  chiefly  in  the  middle  and  upper  por- 
tions of  the  watershed,  underlying  short  tributaries  with  swamp  drain- 
age. The  clay-loam  till  plains  form  basins  for  lake  storage,  but  give 
small  flow  from  ground  storage.  The  surface  soil  is  diversified. 
Gravel,  clay,  and  loam,  mixed  with  sand,  alternate  in  relatively  small 
areas.  ^ 

Between  Albion  and  Augusta,  a  distance  of  34  miles,  the  main  river 
channel  lies  between  parallel  morainal  ridges  deiK)sited  by  the  east 
wing  of  a  reentrant  cusp  of  the  ice  front  which  had  at  one  time 
worked  back  step  by  step  from  the  Indiana  line.  Between  Kalamazoo 
and  Plainwell  the  river  channel  cuts  through  the  more  northerly  of 
these  parallel  ridges.  The  Valparaiso  moraine  and  Covert  ridge,  run- 
ning parallel  to  the  above  and  to  the  lake  front,  are  similarly  crossed 
below  Otsego. 

The  main  river  below  Kalamazoo  largely  follows  lines  of  pre-Glacial 
drainage.  In  the  upper  portion  of  the  watershed  the  tributaries, 
which  are  numerous  and  ramify  extensively,  generally  disregard  the 
morainal  contours  in  their  courses,  while  the  main  stream  follows  them 
closely.  There  is  a  fall  of  from  12  to  20  feet,  within  a  distance  of 
about  a  mile,  at  the  point  of  discharge  of  a  number  of  tributaries, 
furnishing  excellent  water  powers  at  points  where  the  extent  of  the 
flats  prevents  dams  being  built  on  the  main  river. 

The  depths  in  feet,  as  determined  from  deep  borings  of  the  drift 
sand  and  shale  deposits  underlying  the  river  channel  at  various 
points  along  its  course,  are  as  follows:  ^ 

Sections  bdow  channel  of  Kalamazoo  lUver. 


Flaoe. 


Albion 

Marengo 

Marshall.... 
Battle  Creek 
Kalamazoo  . 
Allegan 


Distance 

from 

mouth  of 

stream. 


MOea. 

101 
98 
88.8 
76.5 
52.1 
82.5 


Depth  of 

Klaclal 

drift. 


Feet. 
10 
60 
70 
70 
180 
260 


Depth  of 
sand  rock. 


Ftet, 
271 

48 
48 

(b) 
75 


Depth  of 
bine  shales 
below  sand 

rock,  a 


Feet, 
100 
200 
827 
820 

(b) 
770 


a  As  far  as  measnred. 


h  Together,  1,070  feet. 


The  line  of  the  supxK)sed  outcrop  of  the  bottom  of  the  Marshall  sand- 
stone crosses  the  watershed  in  a  northwesterly  and  southeasterly  direc- 
tion, intersecting  the  river  channel  below  Battle  Creek. 


>  See  effect  of  drift  npon  topography  and  drainage,  by  Frank  Leverett:  Seventeenth  Ann. 
Bept.  U.  8.  QeoL  Snrvoy,  Part  U,  pp.  706-711. 

'The  geology  of  Lower  Michigan  with  reference  to  deep  borings:  QeoL  Survey  Michigan, 
VoL  V,  Part  IL 
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There  are,  within  the  catchment  basin,  a  large  number  of  small  lakes 
and  spring  hollows,  in  which  water  stands  part  or  all  of  the  time. 
Many  of  these  have  no  surface  outlets  and  feed  the  stream  only 
through  seepage  or  ground  flow,  a  large  portion  of  their  waters  being 
consumed  directly  by  evaporation.  Each  of  these  lakes  drains  an 
area  varying  generally  from  six  to  twelve  times  its  own  area,  and 
their  combined  catchment  reduces  materially  the  area  directly  tribu- 
tary to  the  river.  The  following  table  shows  the  relative  number  and 
area  of  tributary  and  nontributary  lakes  within  the  watershed  in  the 
four  counties  having  the  largest  tributary  drainage:^ 

Tributary  and  nontributary  Jakes  in  the  watershed  of  Kalamazoo  River, 


Oounty. 

Dndoage 
of  river. 

Nnmber 

of  tribn- 

tary  lakes 

over  A 

mile  In 

Area  of 

trlbntary 

lakes. 

Number 
of  nontrib- 
utary lakes 
within 
drainage 
area. 

Area  of 
nontribu- 
tary lakes. 

Calhoun 

8q.  mUe». 

486.68 

148.5 

278.5 

687. 

68 
21 
89 
65 

8.69 
1.29 
6.29 
6.69 

47 
88 
81 
25 

Sq.miUt, 

2.96 

0.82 

2.25 

.64 

Jackson 

Kalamazoo... 

Allegan 

It  will  be  seen  that  most  of  the  lakes  are  tributary.  About  1^  per 
cent  of  the  drainage  area  is  lake  surface.  Probably  5  or  6  per  cent 
drains  into  nontributary  lakes. 

The  surface  of  the  watershed  is  rolling.  Prairie,  swamp,  and  hilly 
stretches  alternate  at  short  intervals.  Many  lakes  and  a  consider- 
able area  of  swamp  lands  have  been  made  to  yield  their  waters 
directly  to  the  stream  through  drainage.^  To  what  extent  the  diminu- 
tion of  lake  and  swamp  storage  and  of  forested  areas  for  the  pur- 
poses of  agriculture  has  been  detrimental  to  the  flow  of  the  stream 
and  to  its  value  for  water  power  can  only  be  inferred.  The  oldest 
mill  owners  and  water-power  users  strongly  maintain  that  the  river 
yields  less  power  than  formerly,  holding  that  the  flow  is  less  uniform 
and  the  volume  appreciably  smaller  than  in  pioneer  days. 

>  These  data  have  been  obtained  chiefly  from  atlases  of  the  yarions  counties. 

*  The  problem  of  swamp  drainage  has  been  carefully  studied.  Peppermint  and  celery  are 
largely  grown  on  drained  areas.  See  Michigan  Engineer's  Annual;  Drainage  engineering,  by 
B.  0.  Carpenter:  Proc.  Michigan  Engineering  Society,  1882,  pp,  40-48;  Drainage  of  large  marshes, 
by  C.  E.  Hamilton:  Proc.  Mich.  Eng.  Soc,  188A,  pp.  15-19;  Reclamation  of  swamp  lands,  by 
O.  H.  Todd:  Proc.  Mich.  Eng;  Soc,  UM,  pp^  67-68. 
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The  dlstribation  of  cultivated,  forest,  meadow,  and  swamp  areas 
in  the  watershed  is  as  follows:  ^ 

Character  of  vxitershed  of  Kalamazoo  River. 

Percent. 

Improved  tilled  land,  inclnding  meadow  and  grass  in  rotation 60 

Permanent  meadows,  pastures,  orchards,  etc 7 

Woodland  and  forest 11 

Undetermined,  including  waste  swamp,  lakes,  building  plats,  villages,  etc..  23 

Total 100 

The  character  of  the  vegetation  is  an  important  factor  in  determin- 
ing the  proportion  of  rainfall  on  a  watershed  which  reaches  the  stream 
as  run-off  during  the  summer  months.  The  distribution  of  the  prin- 
cipal crops  grown  and  the  number  of  inches  of  water  they  will 
require  on  the  entire  watershed  during  the  growing  season,  are  shown 
in  the  following  table: 

DUtrHbution  of  crops  in  the  watershed  of  Kalamazoo  River, 


Crop. 


Wheat 

Com 

Oats 

Bye 

Potatoes 

Beans   

Hay 

Gkurdens,  barley,  millet,  mint,  etc 


Entire 
watershed 
oovered  in 

1896.  a 


Water  re- 
qnireddnr- 
inif  growing 
.h 


PtTOtltit. 

11.2 
8.0 
4.0 
8.8 
0.7 
1.7 
6.9 

10.0 


10.8 

18.8 

16.6 

0.1 

4.6 

4.6 

20.5 

C16.0 


Water 

anlred  on 
tie  entire 
watershed. 


1.2 

1.1 

0.7 

0.8 

0.08 

0.08 

1.4 

1.5 


aFrom  Farm  Statistics  of  Michigan,  18m«  Issned  by  the  secretary  of  state,  Lansing,  Michigan, 
1806,  may  he  taken  as  an  ordinary  year. 

frAfter  Blsler's  data.  See  Report  of  State  Engineer  and  Surveyor  of  New  York  for  ISOi, 
pp.  873-977. 


The  length  of  the  growing  season  has  been  taken  as  one  hnndred 
daySy  including  the  months  of  June,  July,  and  August,  and  part  of 
September.  The  average  date  of  the  first  heavy  or  killing  frost  varies 
in  different  localites  of  the  watershed.  The  limiting  dates  will  usually 
be  between  September  25  and  October  10.  The  inches  of  water 
required  on  the  entire  watershed  has  been  obtained  by  multiplying 
the  depth  required  by  each  crop  by  the  percentage  of  the  whole  area 
covered.  Comparing  these  with  the  former  data  the  following  amounts 
are  obtained  as  the  water  requirements  of  vegetation  during  the  grow- 
ing season  of  an  ordinary  year. 


1  Dednoed  from  acreage  data  given  in  census  of  Michigan,  1804^  VoL  II,  Table  L 
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Inches. 

Leading  crops  on  tilled  area 6.6 

Permanent  meadows,  etc _ 1,1 

Woodland  and  forest,  11  per  cent  at  4  inches 0.4 

Add  for  areas  not  otherwise  included 8.0 

Total  depth  required  by  YQgetatioa 11.1 


RAINFALL  AND  MBTBOBOLOOT. 

In  order  to  obtain  the  true  mean  rainfall  of  the  watershed  it  would 
be  necessary  to  have  long  contemporaneous  records  at  stations  uni- 
formly distributed  throughout  the  region.  Rainfall  records  have 
been  maintained  within  the  Kalamazoo  watershed  at  the  stations,  and 
for  x)eriods  shown  in  the  following  table.  Column  5  gives  the  average 
yearly  rainfall  at  the  station  multiplied  by  the  percentage  of  the 
entire  watershed,  which  it  may  be  fairly  said  to  represent.  In  this 
way  the  mean  annual  rainfall  of  the  entire  watershed  is  found  to  be 
33a  87  inches.  Toward  the  mouth  of  the  stream  the  depth  of  the 
annual  rainfall  increases  several  inches. 

Bainfall  on  watershed  of  Kalamcusoo  River,  (a) 


1 

station  (proceeding  down- 
stream). 

t 
Tears. 

8 

Mean 

rain  and 

melted 

■now. 

^4 

Propor- 
tion of 
water- 
shed rep- 
reeented 
by  each 
station. 

5 

SainfaU 
on  entire 
water- 
shed for 

each 
station. 

6 

Probable 

flnctna* 
tian.6 

Hanover 

Pulaski 

Concord 

1886-1896 

1888-1891 

1888-1892 

1888-1892, 1896. 

1881-1892 

188^1896 

1876-1880, 1886, 
1895, 1896. 

1876-1896. 

1890-1896 

Jncftet. 
82.89 
28.64 
29.89 
88.16 
86.70 
80.28 
29.18 

86.45 
85.75 

Pier  ctnt. 
8.88 
4.16 
5.56 

12.22 
6.89 
8.75 

11.22 

20.40 
82.97 

Inch€». 
1.10 
1.19 
1.68 
4.00 
2.28 
1.14 
8.85 

7.42 
11.76 

Inche9. 

i4.2 
8.8 
2.8 
4.5 
2.0 
4.8 
4.4 

4.0 
4.2 

Olivet 

Marshall 

North  Marshall 

Battle  Creek 

Kalamazoo 

AllMfan   .         ..... 

a  The  meteorologioal  data  used  in  this  report  have  been  supplied  by  Mr.  G.  F.  Schneider,  direc- 
tor Michigan  weather  service. 
b  Deduced  from  the  records  in  accordance  with  the  theory  of  probabilities  by  Peters's  f  ormnla. 

Inasmuch  as  the  rainfall  at  a  station  for  any  year  can  not  be  less 
than  the  mean  by  an  amount  exceeding  100  per  cent,  but  may  be 
more  than  200  per  cent  of  the  mean,  one  would  expect  to  find  slightly 
more  dry  years  than  wet  years  in  a  long  rainfall  record.  Out  of  eighty 
yearly  records  used  in  the  table,  thirty-nine  were  above  the  station 
means  and  forty-one  were  below.  The  twenty-one  year  record  at 
Elalamazoo  showed  twelve  years  below  and  nine  years  above  the 
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mean  The  fluctaation  from  the  mean  for  dry  years,  or,  in  other 
words,  the  severity  of  the  drought,  will  be  less  than  the  average 
flnctnation  from  the  mean  for  wet  years,  in  proportion  as  the  number 
of  dry  years  is  greater  than  the  number  of  wet  years.  The  variability 
or  probable  fluctuations  of  rainfall,  in  inches,  for  any  single  year 
above  or  below  the  mean  is  shown  in  column  6. 

The  best  record  of  rainfall  within  the  watershed  is  that  at  Kalama- 
zoo, covering  twenty-one  years,  from  1876  to  1896,  inclusive.  The  dis- 
tribution of  the  monthly  rainfall  and  the  temperature  throughout  the 
year  at  Kalamazoo  are  shown  by  the  following  table.  The  heaviest 
rainfall  occurs  in  the  months  of  May  and  June,  but  that  in  August 
is  most  variable.  This  is  probably  due  to  the  prevalence  of  thunder- 
storms during  that  month,  which  is  also  a  month  of  high  mean 
temx>erature.  January  has  the  lowest  mean  temperature,  the  least 
precipitation,  and  the  least  variability. 

Monthly  rainfaU  and  temperature  at  Kalamazoo. 


Month. 


January 

Febmary 

March 

April 

May 

June 

July 

Actg^nst 

September 

October 

November 

December 

For  the  year 


Mean 

monthly 

rainfall  and 

melted 

Bnow. 


Inchea. 
2.24 
2.40 
2.42 
2.68 
4.47 
4.58 
8.15 
2.79 
8.86 
2.76 
2.97 
2.70 


86.47 


Propor- 
tion of  the 
mean 


rainfall 


J^Sr  cent, 
6.2 
6.6 
6.7 
7.2 
12.8 
12.6 
8.6 
7.6 
9.2 
7.5 
8.2 
7.8 


Probable 

flnctnation 

above  or 

below  the 

mean  for  a 

single  year. 


Jnch€9. 
0.68, 
0.92 
1.01 
1.21 
1.02 
1.85 
1.15 
1.46 
1.81 
0.90 
0.88 
1.12 


4.08 


4 

Mean 
monthly 
tempera- 
ture at 

Eala- 


•  J*. 
28.08 
25.45 
82.15 
46.95 
68.58 
68.85 
72.17 
69.64 
61.78 
50.84 
87.08 
28.19 


47.9 


al87BtolB86. 

The  data  in  the  above  table  accord  well  with  the  observed  character 
of  the  stream,  which  is  usually  about  as  follows:  A  spring  freshet  in 
March  or  April  is  followed  by  medium  water  until  June.  Hi£:h  water 
often  occurs  for  a  few  days  after  heavy  rains  in  June,  and  sometimes 
also  in  August.  Low  water  in  later  July,  August,  and  September  is 
accompanied  by  a  depletion  of  stored  ground  water.  Gradual  increase 
in  the  flow  occurs  until  the  ground  becomes  frozen.     Winter  flow  is 
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anif  orm  and  moderate,  unless  the  stream  is  swelled  by  sadden  melt- 
ing of  snowfaile.  This  frequently  occurs  in  January  or  February, 
and  is  followed  by  moderate  high  water  until  the  spring  thaws. 

In  BO  far  as  the  meteorological  records  at  the  different  stations 
within  the  watershed  are  contemporaneouB,  they  show  a  tendency  for 
like  variations  from  the  mean  rainfall  and  temperature  at  all  stations 
during  the  same  year.  The  region  may  therefore  be  considered  fairly 
isoclimatic,  since  changes  affecting  any  lai^e  portion  of  the  watershed 
will  in  general  similarly  affect  the  whole  region. 


The  yearly  rainfall  record  at  Kalamazoo  is  shown  by  the  solid  line 
in  the  accompanying  diagram  (fig.  1).  It  will  be  seen  that  the  yearly 
fluctuations  from  the  mean  annnal  rainfall  are  periodic  in  their  occnr- 
rence.  The  ordinary  cycle  consists  of  a  primary  minimum  followed 
by  a  period  of  increase  for  one  to  three  years,  and  terminates  in  a 
primary  maximum  followed  by  a  period  of  decrease  for  fonr  or  five 
years.  This  latter  has  a  secondary  superimposed  cycle  with  its  mini- 
mum and  maximum  usually  one  year  apart.  The  times  of  reonrrence 
of  the  different  phases  of  the  cycles  thus  far  observed  are  shown  in 
the  following  table: 

Periodus  rainfaU  at  Kalanuuoo. 


Pbwe. 

I 

i 

« 

• 

1883 
1885 

1886 
1887 

e 

1888 
1890 
1893 
1898 

7 

1805 
18B6 

1877 

1879 

1888 

6  or  7 

A  fifth  minimum  may  be  expected  about  1901. 
Rainfall  records  at  other  stations  within  the  watershed  do  not  cover 
a  sufficient  number  of  years  to  determine  whether  there  is  a  similar 
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periodicity  in  the  rainfall  throughout  the  watershed,  nor  are  there 
gaging  data  at  hand  to  show  whether  a  corresponding  periodic  deca- 
dence takes  place  in  the  stream  flow.  If  such  should  prove  to  be  the 
case,  the  fact  should  be  of  commercial  value  to  farmers  and  water- 
power  users.  The  existence  of  a  short  rainfall  cycle  following  such  a 
regular  periodic  law  is  worthy  of  remark.  Periodic  fluctuations  in 
rainfall  having  cycles  of  greater  length  than  the  above  have  been 
observed  at  various  places  in  this  countiy  and  abroad.  At  Sacra- 
mento, California,  a  forty-year  rainfall  record  exists  showing  a  six  or 
seven  year  cycle  as  at  Kalamazoo.^  Many  long  records  show  no  regu- 
larly recurring  cycles,  but  in  all  cases  which  the  writer  has  observed 
two  or  more  successive  dry  or  wet  years  occur  with  much  greater  fre- 
quency than  would  be  the  case  if  the  sequence  of  wet  or  dry  years 
were  purely  a  matter  of  mathematical  calculation.  As  a  safe  conclu- 
sion it  may  be  said  that  certain  meteorological  conditions  underlying 
rainfall  tend  to  recur  in  more  or  less  obscure  cycles.  It  seems  not 
improbable  that  the  causes  of  such  cycles  are  general  in  their  appli- 
cation; and  their  apparent  effects  in  many  instances  are  masked  by 
local  or  secondary  conditions.  The  flnal  solution  of  the  problem  will 
have  an  important  bearing  on  questions  relating  to  the  water  resources 
of  any  region. 

KELATION  OF  LA.KB  UEVKL  TO  BJklHVAJaU 

Observations  of  the  height  of  the  water  surface  of  Lake  Michigan 
have  been  made  since  1800.  In  the  absence  of  longer  rainfall  records 
within  the  watershed  any  relation  that  may  be  found  to  exist  between 
the  rainfall  and  the  lake  levels  will  be  helpful  in  studying  the  run- 
off. The  different  kinds  of  fluctuations  to  which  the  water  level  of 
the  lake  surface  is  subject  may  be  classified  in  relation  to  the  causes 
producing  them,  as  follows: 

(1)  Small  tides,  which  at  Chicago  the  United  States  Lake  Survey 
found  to  have  an  amplitude  of  1^  inches  for  neap  tide  to  3  inches  for 
spring  tide. 

(2)  ''Seiches,"  so  called,  similar  to  those  observed  on  Swiss  lakes, 
and  not  thus  far  satisfactorily  explained.  They  consist  of  small  waves 
or  pulsations  having  an  interval  of  about  ten  minutes  from  impulse 
to  impulse  and  apparently  recurring  without  cessation. 

(3)  Temporary  fluctuations,  due  to  the  wind.  Colonel  Whittlesey 
states  that  on  August  18,  1848,  a  gale  from  the  northeast  reduced 
the  water  level  at  Buffalo  15^  feet  lower  than  on  October  18,  1894, 
the  time  of  a  terrible  gale  from  the  southwest. 

(4)  Annual  variations,  caused  chiefly  by  differences  of  temperature 
and  evaporation  and  by  the  melting  of  snow  and  ice.  On  Lake 
Michigan  low  water  usually  occurs  in  November  and  March.  The 
highest  water  occurs  in  June  and  July. 

>  See  dixnate,  soil,  cfaaracteriBtics  and  irrigation  methods  in  California,  by  Charles  W.  Irish: 
Tearbook  U.  S.  Dei^t.  Agric,  180S. 
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(5)  Secular  variations,  covering  periods  of  several  years,  dependent 
on  rainfall  and  meteorological  conditions.  The  length  of  the  periods 
is  irregular  and  the  times  of  recurrence  of  maximum  and  minimum 
phases  can  not  be  predicted  closely.  Knowing  the  mean  annual  levels 
for  a  series  of  years  we  may  expect  a  similar  series  in  the  future,  but 
with  the  times  of  the  different  phases  very  different.  The  number  of 
maxima  and  minima  within  a  given  interval  of  years  will,  however, 
be  nearly  uniform  for  long  series.^ 

On  the  accompanying  diagram  (fig.  1)  the  height,  in  feet,  of  the 
water  surface  of  Lake  Michigan,  above  or  below  the  mean  level  (viz, 
681  feet  above  tide)  is  shown,  by  a  broken  line,  for  a  period  of  twenty- 
one  years,  1876  to  1896,  inclusive.  It  will  be  noticed  that  the  lake 
levels  are  subject  to  a  much  greater  relative  fluctuation  than  is  the 
rainfall.  The  two  curves  follow  each  other  somewhat  closely,  although 
the  periods  are  longer  and  more  continuous  for  the  lake  levels  The 
year  1896  is  exceptional  in  that  it  shows  the  lowest  lake  level  recorded, 
while  it  was  the  year  having  the  highest  recorded  rainfall  at  all  stations 
within  the  watershed  except  Kalamazoo,  where  it  was  third  in  rank  for 
twenty-one  years.  There  is  reason  to  believe  that  the  level  of  Lake 
Michigan  and  the  rainfall  and  the  run-off  of  the  watershed  are  co vari- 
ants. Exceptional  years  can  be  ascribed  to  high  summer  temperature, 
producing  luxuriant  vegetation  and  excessive  evaporation,  so  that  lit- 
tle rainfall  api>ears  as  run-off,  or  else  the  distribution  of  the  rainfall 
through  the  year  may  be  unfavorable  to  its  reaching  the  streams  and 
lake  as  run-off.  The  former  was  apparently  the  case  in  1896.  Care- 
ful inquiry  from  power  users  showed  that  within  the  Kalamazoo 
watershed  there  was  a  much  greater  shortage  of  water  in  the  river  in 
1896  than  in  1897,  a  year  of  considerably  lower  rainfall  and  mean 
temperature  during  the  summer  months.  The  mean  rainfall  at  six 
stations  in  the  watershed  in  1896  was  41.9  inches,  or  8  inches  above 
the  average. 

BUN-OFF,  RAINFALL,  AND  WATER  POWRR. 

In  studying  stream  flow  it  should  be  borne  in  mind  that  the  amount 
of  rainfall  appearing  as  run-off  in  a  given  year  is  the  resultant  of  a 
large  number  of  more  or  less  independent  influences.  Conditions 
may  so  combine  that  those  factors  which  would  ordinarily  be  in  the 
background  will  in  some  instances  become  the  controlling  elements. 
Few,  if  any,  rules  without  exceptions  can  be  laid  down,  and  each 
stream  must  be  studied  separately  in  all  its  relations. 

1  The  f oUowing  references  have  been  oonsnlted  in  relation  to  lake  levels: 

(a)  Chart  of  Flnctoations  in  the  Level  of  the  Great  Lakes,  by  Charles  Orosman,  Mllwankee, 
Wiscoiisin. 

(b)  Climate  of  the  Lake  region,  by  Bela  Hubbard:  Pop.  ScL  Monthly,  January,  1888. 

(c)  Water-snpply  of  western  division  of  Erie  Canal  by  Qeorge  W.  Rafter:  Report  State 
Engineer  and  Surveyor  of  New  York,  1896^ 

id)  Report  United  States  Deep  Waterways  Commission:  Washington,  1896. 
(«)  Reports  of  Chief  of  Engineers,  U.  S.  Army. 
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The  following  table  shows  the  discharge  of  the  Kalamazoo  water- 
shed corresponding  to  different  percentages  of  the  mean  annnal  rain- 
fall appearing  as  run-off  in  the  stream : 

Bdation  between  runroff  and  dUeharge  of  Kaktmazoo  River, 


Proiwrlion  of  mean 
annual  nlnteU  ap- 
pearinff  as  mn-off. 

Depth  of  mn-off  on 
entire  watershed. 

Mean  dlacharge  of 
the  gtmam 

Inches. 

Second-feet. 

110 

87.26 

4,808.2 

100 

88.87 

4,866.5 

90 

80.48 

8,929.8 

80 

27.09 

8,498.1 

70 

28.7 

8,066.5 

60 

20.81 

2, 619. 9 

60 

16.92 

2, 188. 8 

40 

12.68 

1,646.7 

The  discharge  of  the  Kalamazoo  River  was  measured  at  a  number 
of  points  along  the  stream  during  the  spring  high  water  of  March,  1898. 

Diacharge  of  the  Kalamazoo  River  at  the  Marengo  dam,  March,  f^,  1898. 

Plow  oyer  dam  and  wasteweir second-feet..  456.8 

Diverted  for  power  pnipoees do 118. 

Total  discharge do 569.8 

Drainage  area  above  dam square  miles..  261. 

Discharge  per  square  mile seoond-feet..      2.18 

The  depth  of  water  flowing  over  the  crest  of  the  dam  on  March  23 
was  15  inches.  The  height  for  maximum  flow,  which  occurred  on 
March  22  and  lasted  only  a  few  hours,  was  24  inches.  This  would 
have  corresponded  to  a  total  discharge  of  about  930  cubic  feet  per 
second,  or  3.5  cubic  feet  per  second  per  square  mile  of  drainage.  We 
may  comj^are  this  flow  with  that  of  Boardman  River  at  Traverse 
Cily,  a  stream  having  a  drainage  area  of  295  square  miles.  The  river 
was  measured  on  April  10,  1897,  by  Mr.  Gtoorge  W.  Rafter,  and  was 
at  that  time  carrying  about  300  cubic  feet  per  second,  or  slightly  over 
1  cubic  foot  per  second  per  square  mile.  Mr.  Rafter  shows  that  the 
flow  of  Boardman  River  undoubtedly  may  be  as  low  as  100  cubic  feet 
per  second  for  two  successive  months,  and  that  it  may  not  yield  more 
than  75  cubic  feet  per  second,  or  about  one-fourth  of  a  cubic  foot  per 
second  per  square  mile,  for  a  period  of  a  few  days.^ 

*  Water  Supply  of  TraTerse  City,  Michigan,  by  George  W.  Baf  ter  and  F.  H.  Korthrap,  city 
engineer,  1807. 
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Discharge  of  Rice  Creek  at  Marshall,  Michigan,  March  tS,  1S9S,  1  mile  above  point 

of  confluence  with  Kalamojsoo  River, 

Discharge  over  dam second-feet..  25. 

Diverted  for  water  power do 125. 

Tributary  drainage: sqnare  miles..  W. 

Discharge  per  square  mile second-feet..  1.5 
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Discharge  of  Battle  Creek  at  Battle  Creek,  Michigan,  March  tJ^  1898, 

Discharge  over  dam second-feet..  253.8 

Diverted  for  water  power do 75.4 

Total  discharge do 828.7 

Tributary  drainage square  miles..  180. 

Discharge  per  square  mile  ._ second-feet..      1.8 

The  discharge  a  day  or  two  previous  was  somewhat  greater,  although 
at  that  time  there  was  an  extensive  flood  on  the  flats  between  the  point 
of  measurement  and  the  confluence  of  Battle  Creek  with  Kalamazoo 
River. 

Discharge  of  Kalamazoo  River  at  Battle  Creek  dam  March  f  4, 1898, 

Discharge  over  dam second-feet..      648.6 

Diverted  for  water  power - do 459.8 

Total  discharge do 1,107.9 

Tributary  drainage  area square  mUes..      610.1 

Discharge  i>er  square  mile second-feet..         2.17 

Combining  the  two  preceding  measurements  we  get  1,436.6  cubic 
feet  per  second  for  the  discharge  of  Battle  Creek  and  Kalamazoo  River 
at  Battle  Creek.  This,  with  a  total  tributary  drainage  area  of  690.1 
square  miles,  gives  2.08  cubic  feet  per  second  as  the  discharge  x>er 
square  mile  of  drainage  area. 

Discharge  of  Kalamazoo  River  eft  Otsego,  March  t6, 1898, 

Discharge  over  dam , second-feet..      234,8 

Diverted  for  water  i)ower do —  1,660.1 

Total  discharge do...  1,903.9 

Tributary  drainage  area square  miles. .  1,600.0 

Discharge  per  square  mile second-feet..         1.2 

For  purposes  of  comparison  a  measurement  of  Grand  River  was 
made  at  the  North  Lansing  dam. 

Discharge  of  Orand  River  at  North  Lansing  dam  April  9, 1898,^ 

Discharge  over  dam second-feet..      642. 

Diverted  for  water-power  purposes do 560. 

Total  discharge do 1,202. 

Approximate  tributary  drainage  area square  miles..  1,168. 

Discharge  per  square  mile second-feet..         1.02 

This  was  at  a  time  of  medium  water  when  the  depth  of  water  on  the 
crest  of  the  dam  was  but  14^  inches.    At  the  time  of  maximum  high 

>  ProbftUy  too  small,  owing  to  imposBlbllity  of  getting  precise  data  regarding  capacity  of  aU 
water  wheels  in  use. 
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water  in  later  March  the  depth  of  water  on  the  crest  of  the  dam  was 
shown  by  the  water  marks  to  have  been  29  inches.  This  would  cor- 
respond to  a  total  discharge  of  about  2,365  cubic  feet  per  second,  or 
2.0  cubic  feet  per  second  per  square  mile  of  drainage  area. 

The  preceding  measurements,  made  at  different  points  along  the 
stream  at  nearly  the  same  time,  show  about  the  flow  that  may  be 
expected  in  Kalamazoo  River  at  ordinary  high  water.  The  flow  per 
square  mile  apparently  gradually  decreases  as  the  tributary  area 
increases.  The  low  flow  of  Battle  Creek  may  be  due  to  a  large  pro- 
portionate area  of  lake  storage,  gathering  the  flood  waters  to  be  yielded 
as  run-off  at  a  later  period. 

The  high- water  flow  exhibited  by  the  gagings  was  preceded  by  heavy 
rainfalls  and  high  temperature,  as  shown  at  several  stations,  within 
the  watershed,  in  the  accompanying  table: 

Meteorological  conditions  at  stations  on  Kalamazoo  River,  March,  1^, 


station. 

Precipitation. 

Temperature. 

March 
10  tola 

March 
18  to  21. 

March 
SAtoiiB. 

Total 

for 

month. 

Great- 
eat 
rain- 
fall in 

%i 
honrs. 

Day  of 
heavi- 
est 
raln- 
faU. 

Maxi- 
mum 
dally. 

67 
70 
69 
69 
69 
69 

Mini- 
mum 
daily. 

Mean 
daUy. 

OUvet 

Hanover 

North  Marshall . . . 

Battle  Creek 

Halamazoo 

Hastings 

Inches. 
3.88 
1.07 
.91 
1.35 
1.01 
1.27 

Inches. 
1.61 

.55 
1.94 
1.50 

.47 
1.12 

Inches. 
0.48 
1.10 
.78 

.51 
.52 

Inches. 
6.16 
3.57 
8.83 
4.21 
2.32 
3.21 

Inches. 

2.02 

1. 

1.44 

1.50 
.51 
.80 

10 
28 
20 
18 
26 
19 

op. 

10 
1 
1 

10 
8 
1 

88.8 

38.2 

36.5 

88.9 

89. 

87.2 

No  snow  fell  during  the  month.  On  March  1  the  ground  was  cov- 
ered with  about  9  inches  of  packed  snow.  This  melted  rapidly,  and, 
as  the  ground  was  frozen,  appeared  almost  entirely  as  run-off  during 
the  month. 

IBB  30 3 
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Depth  of  snow  on  ground  at  stations  on  Kalamazoo  River,  March,  1898.  (a) 


Station. 


Marl. 


Somerset 

Olivet 

Battle  Creek 

Kalamazoo 

Hastings 

Average  depth 


Average  daily  melting. 


Inches. 

9.0 
11.0 

5.0 
12.0 

8.0 


9.0 


Mar.2. 


Inches. 

8.0 
10.0 

5.0 
12.0. 

8.0 


8.6 
0.4 


Mar.  3. 

Mar.  4. 

Inches. 

Inches, 

7.0 

6.0 

8.0 

7.0 

4.0 

8.0 

12.0 

10.0 

7.0 

6.0 

7.6 

6.4 

1.0 

1.2 

Mar.  5. 


Inches. 
5.0 
6.0 
3.0 
10.0 
5.0 

5.6 
0.8 


Station. 


Somerset 

Olivet 

Battle  Creek 

Kalamazoo 

HastingB 

Average  depth 

Average  daily  melting. 


Mar.  6. 

Mar.  7. 

Mar.  8. 

Mar.  9. 

Mar.  10. 

Inches. 
4.0 
5.0 
0.5 
8.0 
4.0 

Indies. 
8.0 
4.0 
0.0 
0.5 
2.5 

Inches. 

i.o 

3.0 

huAes. 

Indies. 

1.0 

0.0 

None 
1.0 

Trace 

4.8 
1.3 

2.0 
2.3 

0.8 
1.2 

a  At  sanset  of  each  day. 

There  are  no  precise  data  at  hand  relative  to  the  low- water  flow  of 
the  river.  By  careful  inquiry  from  power  users  it  was  found  that  in 
nearly  all  cases  a  shortage  of  water  occurs  for  from  two  to  six  weeks 
in  the  months  of  July,  August,  and  September.  At  such  times  the 
flow  is  insufficient  to  supply  the  water  wheels  now  in  use  to  their  full 
capacity,  and  is  less  than  the  amountof  water  shown  as  being  diverted 
for  power  purposes  at  the  time  the  measurements  were  made.  This 
would  be  expected  from  the  rainfall  records.  The  following  table 
shows  the  lowest  recorded  yearly  rainfall  at  stations  in  the  watershed. 
As  the  minimum  observed  rainfall  at  a  station  decreases  as  the  length 
of  the  record  is  extended,  years  may  be  expected  to  occur  in  which 
the  rainfall  will  not  exceed  that  at  Kalamazoo  in  1894,  or  71.5  per 
cent  of  the  mean,  as  shown  in  the  table.  This  would  be  25.43  inches 
for  the  entire  watershed,  using  our  previously  derived  mean  of  33.87 
inches.  For  the  years  1888  and  1889  the  total  rainfall  at  Kalamazoo 
was  but  66.53  inches.  The  rainfall  for  August  frequently  falls  below 
0.1  inch,  and  in  1889  the  combined  rainfall  for  July,  August,  and- 
September  was  but  3.89  inches.  If  the  flow  from  full  ground  water 
were  2  inches  a  month  it  would  undoubtedly  have  been  depleted 
in  such  a  drought  so  as  not  to  exceed  three-fourths  of  an  inch  in 
a  month.     As  little  or  no  rainfall  reached  the  stream  directly,  the 
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run-off  in  the  summer  of  1889  must  have  fallen  as  low  at  least 
cubic  foot  per  second  per  square  mile. 

Years  of  least  recorded  rainfall  at  stations  on  Kalamazoo  River, 


0.7 


station. 

Num- 
ber of 
years' 
record. 

1 

Year  of 

least 
rainfall. 

1889 
1888 
1895 
1879 
1894 
1888 
1889 
1894 

Rainfall 

in  lowest 

years. 

Per  cent 
of  mean 

annual 
rainfall 

at  sta- 
tion. 

Pnlaski . 

4 
5 

7 
8 
8 
9 
11 
21 

Inches. 
24.20 
24.17 
26.95 
20.20 
22.78 
25.30 
28.1 
26.07 

86.0 
81.8 
75.8 
74.8 
75.0 
76.9 
78.7 
71.5 

Concord -...- 

All^WftTl 

Battle  Creek 

North  Marshall 

Hanover  , , . , 

MarBhall 

Kftlaraaffoo  . . . 

HIGH  WATER  AT  KALAMAZOO. 

The  extent  and  duration  of  high  water  at  Kalamazoo  is  shown  by 
the  following  data  relative  to  the  height  of  the  river  surface  during 
floods  at  that  place.  At  the  township  line,  2  miles  below  the  city  of 
Kalamazoo,  the  elevation  of  the  bottom  of  the  river  bed  is  the  same 
as  at  the  Gull  street  bridge  within  the  city,  there  being  practically  no 
fall  in  the  river  in  that  distance.  As  a  result,  the  current  is  extremely 
sluggish,  and  a  portion  of  the  city  is  subject  to  frequent  floods.  The 
muck-covered  river  flats  within  the  city  are  extensively  devoted  to 
the  cultivation  of  celery.  The  annual  spring  flood  is  productive  of 
little  damage,  but  when  floods  occur  during  the  summer  months  they 
result  in  a  heavy  loss  to  the  celery  growers  and  also  tend  to  produce 
a  bad  sanitary  condition,  lasting  for  some  time. 

The  following  table  gives  the  elevation  of  the  river  surface  in  feet 
above  the  city  datum  plane.  The  elevation  of  the  water  surface  at 
its  mean  stage  is  67  feet.  The  measurements  at  East  avenue  bridge 
are  at  the  point  of  confluence  of  Portage  Creek  with  Kalamazoo  River. 
Those  at  Gull  street  bridge  are  below  that  point. 
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Obaervations  of  high  water  at  Kalamazoo,  (a) 


Year. 


1888. 


1887. 
1888 
1896. 


1807 


1898. 


Datei 


June  28,  5p.  m 

June  29,  7.80  a.  m  .. 

June  29, 1  p.  m 

jTine29,  6  p.  m 

June  80,  7  a.  m 

Jane  80, 1  p.  m 

June  80,  6.80  p.  m  . 

Jnly  1,  9  a.  m 

July  1,  6p.  m 

Jtily2,  7  a.  m 

July  2, 1  p.  m 

July  2,  6  p.  m 

July  3,  7  a.  m 

July  18 

Aognstn.- 

February 

July 

July  16 

Jiilyl9 

July  31 

Ang^t  1 

AngtiBt  3 

Angnst  6 

Ang^nst  8 

August  19 

March  12, 1.20  p.  m 
March  12,  6  p.  m  . . . 
March  18,  7  a.  m  . . . 
March  18, 1.20  p.  m 
March  13,  6  p.  m  . . . 
March  14,  4  p.  m  . . . 
March  15,  7  a.  m  . . . 

March  14 

March  15 


Elevatioii. 


71.66 
72.25 
72.42 
72.50 
72.74 
72.90 
73.03 
73.36 
73.59 
73.71 
73.71 
73.63 
73.40 
67.88 
68.55 
&74.77 
67.55 
69.10 
68.74 
70.69 
70.99 
70.49 
69.20 
68.99 
69.50 
71.34 
71.48 
71.84 
72.01 
72.34 
72.04 
71.54 
71.35 
71.80 


Place  of  measorement. 


At  East  ayenne  bridge. 


Do. 
At  Gull  street  bridge. 


At  East  avenue  bridge. 


At  East  avenue  bridge 
during  spring  flood. 


a  These  data  were  obtained  from  records  tarnished  by  Myron  C.  Taft,  oity  engineer  of  Kala- 
masoa  Data  for  1883  are  not  strictly  comparable  with  those  since  that  year,  as  an  old  dam  has 
been  removed  and  a  shorter  channel  cnt,  allowing  flood  waters  to  pass  off  more  qnloUy. 

h  Highest  water  recorded. 
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WATBB   POWER. 

The  fall  and  8lox>e  of  the  river  is  shown  by  the  accompanying  table. 
In  comparison  with  this  the  next  table  (on  page  38)  shows  the  number 
of  feet  of  fall  used  for  water  power  at  dams  on  the  main  river.  Out 
of  a  total  f aU  of  338  feet  from  Albion  to  Saugatuck,  76  feet  is  now 
used  for  the  production  of  power.  The  aggregate  rated  power  of  the 
water  wheels  in  use  on  the  main  river  is  between  4,000  and  5,000  horse- 
power. This  includes  18  flouring  and  5  paper  mills,  besides  planing 
mills,  machine  shops,  municipal  waterworks,  etc.  There  are  also  20 
dams  on  tributaries  with  a  developed  water  power,  so  far  as  it  could 
be  ascertained,  of  1,500  horsepower. 


F\Ul  and  slope  of  Kalamazoo  River. ' 


Portion  of  riyer. 

Distance  along 
river. 

Total  tell. 

Mean  alope  per 
mile. 

JfOes. 
12.25 

18.25 

28.87 

19.78 

82.50 

101.10 

52 
70 
48 
57 
116 
888 

Weei. 
4.22 

5.26 

1.84 

8.00 

8.55 

8.84 

Marshall  to  Battle  Greek 

Allegan  to  Sangatack 

Albion  to  Sangatack 

As  has  been  shown,  the  capacity  of  water  wheels  now  in  use  is  fully 
as  great  as  the  flow  of  the  stream  will  warrant  without  the  construc- 
tion of  new  dams.  Viewed  from  an  economic  standpoint  the  water 
power  of  the  stream  can  not  be  greatly  increased  over  the  present 
development  unless  some  method  of  flow  regulation  and  conservation 
of  the  flood  waters  be  put  in  operation. 

>  The  fall  has  been  deduced  from  railroad  profiles.    See  topofpvphy  and  climate  of  Lower 
Miohigan,  Beport  Midiigan  State  Board  of  Healtli,  1878. 
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Water  power  developed  on  Kalamazoo  River, 


Location  of  dam. 

Head 
or 

fall. 

Net  horse- 
power de- 
veloped. 

Weet, 

North  Branch  at  Horton 

10 

55 

North  Branch  at  Concord ..:... 

9 

118 

North  Branch  at  Bath  Mills ... . 

8 

88 

South  Branch  at  Moeherville  . . . 

14 

80 

Sonth  Branch  at  Homer 

8 

214 

South  Branch  at  North  Homer . . 

7 

69 

Main  River  at  Albion 

IS 

7 

298 
118 

Main  River  at  Marengo 

Main  River  at  Marshall 

6 

Main  River  at  Ceresoo 

8 
12 

289 
469 

Main  River  at  Battle  Creek 

Main  River  at  Plainwell 

19 

786 

Main  River  at  Otsego 

12 

1,725 

Main  River  at  Allegan 

8 

WATER  POWER  OF  HURON  RIVER/ 

Huron  River  rises  in  the  town  of  Clarkston,  Oakland  County,  Mich- 
igan, and  runs  southwest  into  Livingston  County,  draining  many  lakes 
in  Oakland  County.  The  chief  of  these  are  White,  Union,  Upper 
Straits,  Lower  Straits,  Pine,  and  Spring  lakes,  averaging  one-half  to 
1  square  mile  in  area.  In  the  southeast  part  of  Livingston  County 
it  takes  the  waters  of  four  lakes,  viz,  First  Base  Lake,  Second  Base 
Lake,  Strawberry  Lake,  and  Portage  Lake,  varying  from  1  to  2  square 
miles  in  area.  Portage  Lake  is  the  largest  and  also  the  lowest  down 
the  valley.  It  is  3  or  4  miles  long  and  averages  about  half  a  mile 
in  width.  It  is  fed  by  Portage  River,  which  itself  drains  ten  lakes  of 
small  size.  From  there  the  Huron  flows  northeast,  then  southeast 
again,  and  enters  Lake  Erie  just  below  the  mouth  of  Detroit  River. 
The  total  drainage  area  is  950  square  miles. 

The  country  is  flat  or  rolling,  with  a  glacial  drift  of  clay,  sand,  and 
gravel,  well  adapted  to  the  raising  of  wheat,  which  is  the  staple  and 
which  gives  work  to  many  flouring  mills.  The  river  was  declared 
navigable  by  Congress.  Once  a  flatboat  for  freighting  ran  from 
Ypsilanti  30  miles  to  the  mouth,  but  its  use  was  discontinued  on  the 
advent  of  railroads.  There  was  too  little  water  for  navigation,  and 
the  dams  interfered.  Boats  run  up  to  Rockwood,  4  or  5  miles  up,  on 
the  line  of  the  Lake  Shore  and  Michigan  Southern  Railroad. 

No  lumbering  is  done,  and  the  stream  is  devoted  to  manufacturing, 

^  From  the  report  by  James  L.  Greenleaf ,  special  agent  of  the  Tenth  Censne  of  the  United 
States,  Vol.  XVI,  p.  496  et  seq. 
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for  which  it  is  X)eoiiliarly  suited.  It  ha.8  a  fall  averaging  5  feet  a  mile, 
and  this  near  its  month.  It  is  on  the  line  of  several  railroads,  and, 
owing  to  adjacent  lakes,  the  storage  capacity  is  lai^e  and  its  flow  more 
regular  than  that  of  various  other  rivers  in  the  country.  The  banks 
of  the  river  are  usually  from  9  to  12  feet  high,  and  hence  ponds  do  not 
spread.  The  bed  and  banks  are  usually  hard  clay,  or  a  sort  of  con- 
glomerate of  clay,  gravel,  and  stone  (till).  There  is  no  rock  bed 
except  at  Flat  Rock,  the  first  fall  above  the  moutli. 

The  course  is  extremely  winding.  The  Michigan  Central  Railroad 
runs  along  the  river  17  miles  from  Ypsilanti  to  Dexter,  and  in  that 
distance  crosses  it  sixteen  times.  The  bulk  of  the  manufacturing  is 
between  Dexter  and  Ypsilanti,  on  the  line  of  the  Michigan  Central 
Railroad. 

At  Ypsilanti  the  average  breadth  is  100  feet,  the  average  depth  1^ 
feet,  and  the  maximum  depth  about  5  feet.  The  ordinary  low- water 
flow,  calculated  from  the  estimated  horsepower,  is  220  cubic  feet  per 
second,  or  0.23  cubic  foot  per  second  per  square  mile  of  drainage  area. 
The  available  power  under  10  feet  head  at  ordinary  low  water  is  from 
225  to  250  horsepower.  There  is  no  difficulty  from  floating  ice.  A 
mill  using  the  full  average  power  of  the  stream  can  run  at  full  capac- 
ity ten  months  of  the  year,  and  during  August  and  September  at  half 
oax>acity.  The  river  has  no  large  tributaries  below  the  lakes,  and 
hence  the  power  for  a  given  fall  is  nearly  the  same  in  the  upper  and 
in  the  lower  part. 

DBVBLOPBD  POWER. 

Most  of  the  mills  are  between  Dexter  and  Ypsilanti,  a  distance  of  17 
miles.  Above  Dexter  and  below  Portage  Lake  are  the  Hudson  and  the 
Dover  mills.     Below  Ypsilanti  are  mills  at  Rawsonville,  Belleville,  etc. 

Three  forms  of  dam  are  in  use:  (1)  The  pile  dam,  a  common  form. 
A  typical  specimen  is  one  belonging  to  the  Ypsilanti  Paper  Company. 
Piles  were  driven  6  feet  between  centers,  both  across  and  down  the 
stream,  covering  a  strip  50  feet  wide  across  the  channel.  The  ends 
were  then  cut,  so  that  taken  together  their  surface  formed  two  planes, 
meeting  at  the  center  line  of  the  dam,  like  a  roof.  The  space  between 
the  piles  was  filled  in  with  stone  and  the  top  planked  over.  A  plank 
apron  was  built  on  the  lower  side.  (2)  The  crib- work  dam — ordinary 
timber  cribs,  filled  with  stone  and  planked  over.  (3)  The  frame  dam, 
used  at  the  Dover  mills.  A  triangular  frame  was  built  and  planked 
over  and  stone  thrown  under;  a  plank  apron  was  built  on  the  lower 
side,  and  gravel  thrown  in  on  the  upper  side.  So  far  as  ascertained, 
there  have  been  no  instances  of  the  breaking  away  of  dams. 

At  Flat  Rock,  7  or  8  miles  above  the  mouth  of  the  river,  is  the  first 
power.     There  is  about  100  horsepower  available. 

At  New  Boston  and  at  Belleville  powers  are  being  developed. 
There  are  two  flouring  mills  at  Belleville.  The  banks  are  high  and 
well  adapted  to  ponding. 
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At  RawsonvlUe  is  a  flouring  mill  with  7  feet  head.  There  is  150  to 
175  horsepower  available. 

Ypsilanti  is  the  chief  manufacturing  center  on  the  river.  There 
are  three  paper  mills,  two  flouring  mills,  a  woolen  mill,  and  a  small 
custom  sawmill,  also  a  low  dam  in  connection  with  the  city  water- 
works. The  banks  are  from  9  to  12  feet  high,  and  jrands  do  not 
spread.  There  are  three  dams,  about  one-half  to  three-fourths  of  a 
mile  apart,  and  no  fall  is  wasted.  The  bed  is  hard  clay.  The  Michi- 
gan Central  Railroad  runs  up  the  valley  from  this  point,  and  freight 
facilities  are  good. 

The  lower  pond  has  7  feet  available  fall  and  175  available  horse- 
power. There  is  a  pile  dam  190  feet  long.  The  average  breadth  of 
the  i>ond  is  about  150  feet  and  the  length  half  a  mile.  The  power  is 
utilized  by  the  Ypsilanti  Paper  Company's  mill.  The  middle  pond  has 
5  feet  available  head  and  125  available  horsepower.  The  only  mill  at 
the  power  is  the  Huron  flouring  mill,  which  uses  on  the  average  75 
horsepower.  There  is  a  pile  dam  5  to  6  feet  high  and  100  feet  long. 
The  x)ond  is  from  150  to  200  feet  broad  and  half  a  mile  long.  The 
upper  pond  is  owned  by  the  City  flouring  mill  and  the  woolen  mill, 
and  feeds  them  and  also  a  small  sawmill  fed  from  the  race  of  the 
flouring  mill.  The  fall  at  the  dam  is  8  feet  and  the  available  power 
is  225  horsepower.  The  dam  is  from  120  to  130  feet  long,  the  area  of 
the  pond  35  acres,  and  the  depth  5  or  6  feet;  the  dam  does  not  spread 
much.  The  woolen  mill  uses  42  horsepower.  The  flouring  mill, 
situated  on  a  race,  has  1  foot  additional  fall,  making  the  total  fall  9 
feet;  it  uses  100  horsepower.  The  sawmill,  when  running,  uses  about 
10  horsepower. 

The  mills  of  the  Peninsula  Paper  Company  are  situated  at  a  pond 
a  short  distance  above  Ypsilanti,  and  have  300  available  horsepower. 

The  largest  power  on  the  river  is  at  Lowell,  and  it  is  used  by  the 
Ypsilanti  Pai>er  Company.  The  available  head  is  16  feet,  and  400 
horsepower  is  available.  The  pile  dam  has  been  described ;  its  length 
is  166  feet.    The  area  of  the  pond  is  30  or  35  acres. 

At  Ann  Arbor,  7  or  8  miles  above  Ypsilanti,  there  is  a  level  with  a 
head  of  10  feet  and  250  available  horsepower.  The  dam  is  a  pile  dam 
200  feet  long,  which  is  utilized  by  the  Ypsilanti  Paper  Company's 
mill.  Above  it  is  another  level  with  the  same  head  and  power.  A 
woolen  mill,  a  flouring  mill,  and  a  sawmill  are  fed  from  this  pond, 
using  altogether  100  horsepower.     The  dam  is  140  feet  long. 

At  Foster's  station,  3  miles  from  Ann  Arbor,  there  is  a  fall  of  9  feet, 
all  of  which  is  utilized  by  a  paper  mill  taking  100  horsepower  and  a 
woolen  mill  taking  58  horsepower.  The  power  is  estimated  at  300 
horsepower  for  six  months  of  the  year. 

At  Delhi  there  are  two  flouring  mills,  a  woolen  mill,  and  a  sawmill, 
all  using  water  from  the  same  level.  There  is  7  feet  head  and  140 
available  horsepower.     Usually  all  the  mills  can  run  at  once.    The 
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dam  is  of  crib  work,  150  feet  long.  The  Scio  flouring  mills  are  above 
Delhi,  and  have  8  feet  fall,  with  140  available  horsepower.  The  dam 
is  of  crib  work,  100  feet  long. 

Dexter  has  a  flooring  mill,  a  woolen  mill,  and  a  sawmill,  all  run 
from  the  same  level.  The  available  head  is  5  feet.  The  dam  is  of 
crib  work,  75  feet  long. 

Above  Dexter  are  the  Hudson  mills,  with  5  feet  head  and  75  horse- 
power— a  crib-work  dam  100  feet  long, — and  the  Dover  mills,  with  7 
feet  head  and  100  horsepower — a  frame  dam  100  feet  long.  The 
I>onds  above  Ann  Arbor  average  from  120  to  180  feet  wide  and  one- 
half  mile  to  2  miles  long.     There  are  no  important  powers  above. 

XJNDKVELOPED  POWER. 

There  are  a  few  undeveloped  powers.  Three  miles  below  Ypsilanti 
is  one  of  300  horsepower,  which  has  not  been  used,  because  the  pond 
would  spread  over  valuable  farming  lands  and  because  the  location  is 
not  near  the  railroad.  One  mile  below  Ann  Arbor  is  a  power  with  4 
or  5  feet  fall,  unimproved,  giving  from  100  to  125  horsepower.  It  is 
on  the  line  of  the  railroad.  The  small  power,  compared  with  the  cost 
of  improvement  and  lack  of  demand  for  it,  is  the  apparent  reason  it 
has  not  been  improved.  One  and  one-half  miles  above  Ann  Arbor  is 
a  fall  of  10  feet,  unimproved.  Nearly  300  horsepower  is  wasted.  It 
was  used  formerly  by  a  sawmill,  now  burned  down.  It  is  on  the  line 
of  ralLroad  and  awaits  improvement. 

WATER  POWER  OF  RAISIN  RIVER. 

The  North  Branch  rises  in  Jackson  County,  and  the  South  Branch 
in  the  northwestern  corner  of  Ohio.  They  unite  east  of  the  center  of 
Lenawee  County  and  flow  into  Lake  Erie.  The  drainage  area  is  1,162 
square  miles.  Near  the  mouth  it  is  200  or  300  feet  wide,  but  in  ordi- 
nary water  it  is  only  from  6  to  12  inches  deep,  with  a  sluggish  cur- 
rent. At  Adrian  it  is  a  small  stream,  25  or  30  feet  wide,  with  a 
moderate  current,  about  1  foot  deep.  There  are  several  small  mills 
on  the  river,  but  no  power  of  importance. 

USES    WHERE   QUALITY    IS    IMPORTANT. 
USB  FOR  DRINKING. 
mOROANIC  IMPURrriBS. 

The  uses  of  water  where  the  quantity  required  is  not  excessive  and 
is  usually  readily  obtained,  but  where  the  proper  quality  is  important 
and  is  not  so  easily  maintained,  will  now  be  considered.  Impurities 
are  of  two  kinds,  organic  and  inorganic.  Under  the  first  head  are 
classed  sewage,  swamp  contaminations,  ammonia,  and  bacteria.  Salt, 
though  inorganic,  has  often  been  considered  an  indication  of  the  pres- 
ence of  organic  contamination.  But  in  the  district  under  consideration 
it  is  not  true,  and  a  knowledge  of  the  normal  chlorine  percentage  of  the 
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same  class  of  water  in  the  same  neighborhood  is  a  prerequisite  to  the 
application  of  the  chlorine  test  as  indicative  of  sewage.  Investiga- 
tion of  this  normal  percentage  has  been  undertaken  for  the  State 
board  of  health  by  Prof.  D.  Fall.  Salt  is  one  of  the  commonest  inor- 
ganic constituents,  only  less  common  than  the  acid  carbonates  of  lime 
and  magnesia,  which  are  always  present  exempt  in  some  sandstone 
wells  and  in  cistern  waters.  Iron  in  some  shape,  and  sulphates  of 
lime,  etc.,  are  also  not  uncommon  in  wells. 

The  quantity  of  mineral  matter  in  the  lakes  or  rivers  is  not  suffi- 
cient to  affect  the  water  appreciably  as  a  supply  for  healthy  people, 
while  for  cases  of  uric  acid  diathesis,  where  lime  should  be  avoided, 
many  sandstone  wells  and  shallow  surface  wells  in  sand  seem  si>e- 
cially  suited,  since  their  water  contains  less  than  the  usual  amount  of 
lime.  Occasionally  the  water  from  deeper  wells  is  softer.  Filtered 
rain  water  is  used  and  is  not  at  all  unpalatable  when  one  is  accustomed 
to  it.    Distilled  water  is  also  manufactured  and  sold. 

More  detailed  conclusions  as  to  the  connection  between  the  chemi- 
cal character  and  the  suitability  of  a  water  for  drinking  will  be  found 
in  a  subsequent  paper. 

Dr.  W.  H.  Deadman,  veterinary  surgeon  at  Alpena,  asserts  that  80 
per  cent  of  all  the  horse  disease  in  northern  Michigan  is  due  to  hard 
water.  The  hardness  of  water  varies  in  the  lakes  and  rivers,  and 
probably  varies  with  the  season  of  the  year  and  with  the  depth  at 
which  the  samples  are  taken. 

Some  of  the  shallower  rock  wells,  almost  all  those  over  500  feet, 
and  a  few  of  the  wells  in  drift  are  so  highly  charged  with  mineral 
matter  (over  i  oz.  per  cubic  foot)  as  to  be  cathartic  or  otherwise  un- 
pleasant and  unfit  for  domestic  use.  It  is  important  to  note,  however, 
that  in  many  cases  the  mineral  matter  comes  from  beds  of  salt  or  gyi>- 
sum,  or  from  even  less  continuously  porous  beds,  and  that  therefore 
fresh  water  may  at  times  be  obtained  by  proper  casing,  even  under 
beds  of  salt.  There  are  a  number  of  cases  on  record  in  which  fresh 
water  has  been  obtained  under  salt.  A  notable  case  is  that  of  Mr. 
Leipprandt,  near  Caseville  (sec.  13,  T.  17  N.,  R.  10  E.),  who  has  a 
well  100  feet  deep  that  is  very  salt,  and  another  well  280  feet  deep 
(cased  to  228  feet)  which  yields  good  fresh  water. 

ORGANIC  IMPURITIBS. 

Organic  impurities  are  most  prevalent  when  inorganic  are  least  so, 
in  the  shallow  wells,  rivers,  and  ponds,  and  even  in  cisterns  and 
standpipes.  Yet  even  deep  artesian  wells  are  not  by  any  means  free 
from  organic  matter — ^for  example,  the  Bad  Axe  supply.  Such  matter 
is,  however,  probably  harmless.  Organic  impurities  may  be  divided 
into  two  kinds — mere  vegetable'  growths  of  algsd,  etc.,  and  the  more 
dangerous  bacteria  of  typhoid.  The  former  are  not  wholesome,  though 
not  so  dangerous  as  the  latter,  and  may  form  in  cisterns  and  stand- 
pipes  in  very  pure  water,  as,  for  example,  at  Bad  Axe  and  at  Leaton, 
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and  are  especially  abundant  in  artesian  water.  The  excbmkai  of 
light  tends  to  cheek  ^bm  growth  in  dstems.  A  few  cases  are 
reported  where  malaria  was  cared  by  a  change  to  drinking  artesian 
water,  seeming  to  show  that  bad  water,  and  not  bad  air,  was  the 
cause  of  the  disease.  But  it  is  of  course  possible  that  it  was  not  the 
previous  presence  of  vegetable  matter  in  the  water  that  caused 
the  disease,  but  rather  the  curative  properties  of  some  mineral  ingre- 
dient in  the  artesian  water  that  effected  the  cure.  Wooden  or  plank 
casing,  which  is  much  too  common,  soon  gives  a  foul  taste  to  water, 
and  any  dug  well  with  a  basin  is  liable  to  have  foreign  matter  get 
into  it  that  does  not  improve  its  quality — ^angleworms,  frogs,  mice, 
moles,  rats,  and  snakes;  which  well  drillers  find  on  cleaning  the  wells. 

Wells  dug  or  driven  in  sand  only,  without  a  clay  capping,  are  liable 
to  surface  and  sewage  contamination,  though  of  course  when  they  are 
put  down  100  or  200  feet  the  danger  is  greatly  reduced  by  the  sand 
filtration.  Even  then  it  would  be  well  to  have  the  point  and  strainer 
eongiderably  below  the  top  of  the  water  line.  It  would  save  trouble 
in  an  exceptionally  dry  year,  and  would  give  additional  protection. 

The  practice  of  having  any  dug  or  shallow  surface  water  well  in  a 
barnyard  or  near  a  privy  is  uncivilized  and  is  only  the  temporary 
expedient  of  uneducated  immigrants  who  have  recently  arrived,  and 
one  is  glad  to  see  that  among  the  intelligent  and  more  prosperous 
farmers  deep  driven  or  drilled  wells  are  becoming  the  rule  and  not 
the  exception.  Too  commonly,  however,  the  well  water  of  the  deep 
driven  well  is  allowed  to  flow  into  the  old  dug  basin,  a  practice  which 
has  many  objections  (considered  on  page  73).  The  casing  should 
extend  from  the  pump  to  the  water-bearing  stratum.  The  well  should 
be  removed  from  the  barnyard,  to  which  the  water  may  be  conducted 
by  a  long  launder.  If  a  surface  or  dug  well  is  the  best  that  is  avail- 
able, it  should  be  out  in  the  orchard,  and  removed  from  sources  of 
contamination . 

Digging  is  sometimes  the  best  way  of  sinking  through  a  bowldery 
formation.  A  good  practice,  prevalent  in  Emmet  County,  is  to  cement 
the  wall  as  the  well  is  sunk,  using  a  3-foot  boiler  tube  as  a  shield. 
Mr.  E.  R.  Phillips,  of  Bay  City,  uses  such  a  cemented  well  in  the 
city,  but  he  has  a  depth  of  sand  and  charcoal  at  the  bottom  which 
acts  as  a  huge  filter — ^an  excellent  palliative  expedient. 

Rivers  and  lakes  are  the  great  sources  of  supply  for  village  and  city 
waterworks,  being  but  rarely  used  by  individual  farmers,  except  as 
some  dry  season  forces  them  to  haul  water.  Unfortunately,  as  we 
have  already  remarked,  too  often  an  ample  supply  has  been  consid- 
ered the  prime  requisite  for  city  plants. 

DAIRY  USE. 

One  great  advantage  of  flowing  wells  is  in  keeping  milk  cool. 
The  temperature  of  such  wells  approaches  the  mean  annual  temper- 
ature of  the  place  at  which  they  are,  plus  a  certain  small  amount. 
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dex)endent  on  the  depth  below  the  surface  from  which  they  draw  their 
water,  about  1  degree  for  60  feet.  The  annual  fluctuations  of  temi>er- 
ature  hardly  affect  them,  though  in  fact  if  from  30  to  60  feet  deep  they 
are  colder  in  summer  than  in  winter.  This  is  not  only  to  be  exi>ected 
theoretically,  but  has  been  verifled  in  practice.  Professor  Davis  found, 
in  studjdng  some  of  the  Alma  flowing  wells,  that  the  water  of  one  about 
55  feet  deep  stood  at  52^  F.  in  winter  and  at  48^  F.  in  summer. 

Since  the  mean  annual  temperature  of  Michigan,  as  is  shown  in  flg.  4, 
varies  between  39°  F.  and  49°  F.,  the  temperature  of  flowing  wells  or 
springs  should  have  about  the  same  range,  and  the  recorded  observa- 
tions of  the  shallow  flowing  wells  are  but  4""  or  5""  higher.  This  is 
precisely  the  range  of  temperature  best  adapted  to  keep  milk.  Such 
flowing  wells  may  be  obtained  all  over  the  Saginaw  Valley,  and,  as  the 
map  (PI.  Vll)  shows,  such  wells,  drawing  water  either  from  the  rock 
or  from  gravel  beds  under  clay,  occur  throughout  the  State.  These 
wells  yield  a  water  very  favorable  to  the  growth  of  algSB,  and  the 
vegetable  matter  must  be  frequently  cleaned  from  the  tanks.  Dark- 
ness checks  its  growth. 

For  use  in  refrigeration  or  for  general  dairy  use  the  same  purity  is 
not  requisite  as  in  drinking  water.  While  of  course  water  brought 
in  contact  with  butter  should  be  free  from  dangerous  organic  impuri- 
ties, inorganic  mineral  constituents,  like  salt  and  sulphates,  are 
reported  to  be  some  advantage  and  help  in  hardening  the  butter. 
Much  of  the  water  of  the  Saginaw  Valley,  which  is  rather  too  salt  for 
domestic  use,  is  excellent  for  dairy  purposes. 

COOKING,  LAUNDRY,  BOILERS. 

Next  to  the  use  for  drinking  naturally  comes  cooking,  laundry,  and 
boiler  use.  As  organic  impurities  are  rendered  harmless  when  boiled, 
this  factor  is  eliminated,  except  when,  as  is  occasionally  the  case, 
'^ foaming"  is  produced  in  the  boiler.  The  deposit  of  mineral  matter 
in  the  teakettle  is  usually  either  carbonate  or  sulphate  of  lime,  mag- 
nesia, or  iron.  If  the  former,  a  little  acid  quickly  removes  it.  Iron  is 
betrayed  by  its  color.  Only  occasionally  is  water  found  with  so  much 
mineral  matter  as  to  be  unflt  for  cooking.  In  such  cases  iron  is  usu- 
ally the  offending  element,  turning  tea  black  and  discoloring  x)otatoes. 
Water,  if  allowed  to  stand,  will  precipitiate  most  of  the  iron.  It  forms 
a  scum  which  is  at  times  mistaken  for  oil. 

Impurities  of  another  class,  i.  e.,  hydrogen  sulphide  and  other  gases, 
as  well  as  traces  of  oil,  occur  more  or  less  in  various  parts  of  the 
State.  Hydrogen  sulphide  occurs  in  various  places,  and  is  charac- 
teristically common  just  beneath  the  Devonian  black  shales.  A  mod- 
erate amount  does  not  seem  to  be  injurious,  and  users  soon  get  used 
to  its  peculiar  odor;  but  in  the  deeper  salt  wells  in  the  southeastern 
part  of  the  State  it  is  disagreeable,  in  some  cases  seriously  affecting 
the  eyes. 

Another  important  consideration  in  regard  to  water  is  its  effect  on 
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boilers.  The  impurities  which  deposit  scale  are  the  sulphates  and 
carbonates  of  lime  and  ma^esia,  and  many  railroads  have  spent  con- 
siderable money  to  obtain  purer  boiler  water.  Water  with  8  to  10 
grains  of  carbonate  of  lime  to  the  gallon  is  considered  hard,  and  when 
there  are  over  40  grains  to  the  gallon — ^and  there  are  large  districts 
where  this  amount  is  present — the  water  has  been  condemned  by  rail- 
road authorities.  Mount  Pleasant  water  is  typical  as  a  bad  water  for 
use  in  boilers. 

The  sulphate  of  lime  is  worse  than  the  carbonate.  The  carbonates 
of  lime,  magnesia,  and  iron  are  somewhat  precipitated  by  exposure  to 
the  air,  and  further  by  boiling  or  by  the  addition  of  quicklime.  In 
every  district  it  will  be  found  that  the  water  of  certain  wells  is  consid- 
ered good  for  threshing  machines,  both  in  quantity  and  in  quality. 

In  the  steam  plant  of  the  University  of  Michigan,  which  furnishes 
steam  heat  and  also  drives  a  coupler  of  engines,  the  condensed  water 
is  returned  to  the  boilers.  In  addition,  the  engineer  informs  me  that 
a  supply  of  about  400  gallons  plus  about  10  per  cent  is  used  daily. 
This  is  nearly  all  derived  from  cisterns,  representing  about  eleven 
months'  supply.  I  obtained,  through  the  kindness  of  Professor  Cooley, 
a  blue  print  showing  the  exact  roofage  used  in  supplying  the  cisterns. 
From  this  I  estimate  that  19,493  square  feet  of  catchment  area  fur- 
nishes 17,600+  cubic  feet  of  water.  This  is  not  far  from  1  cubic  foot 
per  square  foot  of  catchment  surface,  or  38  per  cent  of  the  Ann  Arbor 
rainfall  (32  inches).  It  is  impossible  to  estimate  the  amount  of  leak- 
age, as  there  are  five  cisterns,  scattered  at  considerable  intervals  over 
the  grounds,  and  part  of  the  rainfall  of  exceptionally  wet  seasons  may 
overflow  the  cisterns.  It  seems  as  though  a  larger  percentage  of  the 
rainfall  might  be  saved,  although  the  percentage  of  run-off  to  rainfall 
is  apparently  higher  than  in  the  Kalamazoo  Basin.  Much  of  the  win- 
ter snow  will  of  course  slide  off,  and  in  each  rain  a  certain  percentage 
must  be  allowed  for  wetting  the  roof  and  for  evaporation.  It  will  be 
safe,  however,  to  estimate  that  10  feet  square  of  roof  surface  will  yield 
100  cubic  feet,  or  about  25  barrels,  of  water  per  annum. 

At  the  Agricultural  College  the  custom  is  to  heat  the  water  to  boil- 
ing and  then  allow  it  to  aerate,  cool,  and  settle.  At  the  Midland 
Chemical  Works  they  propose  to  remove  the  hardness  first  with  lime 
and  then  with  soda  ash. 

In  any  case  it  is  well  to  get  the  water  as  pure  as  possible  before 
introducing  it  into  the  boiler;  and  heating  the  feed  water  with  the 
exhaust  steam  and  allowing  it  to  settle  will  certainly  help.  The 
growth  of  the  soda-ash  industry  in  Michigan  will  doubtless  permit 
the  economical  use  of  that  chemical. 

Cistern  or  rain  water  and  condensed  boiler  water  are  of  course  free 
from  these  impurities,  and  it  might  be  well  to  plan  an  agricultural 
engine  for  use  in  the  Saginaw  Valley  with  a  condenser  arranged  to  use 
its  water  over  again  and  again.  The  soda  salts,  common  salt,  and 
sulphate  of  soda  are  not  objectionable,  but  rather  help  to  clean  out 
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scale,  and  in  the  Saginaw  Valley  are  often  present  in  the  water.  The 
chlorides  of  lime  and  magnesia  and  the  heavily  carbonated  waters  are 
corrosive. 

Generally  speaking,  the  softest  waters  are  either  rainfall  waters 
from  sands  so  near  the  surface  that  the  lime  has  been  leached  out,  or 
waters  from  wells  in  the  Napoleon  and  certain  other  sandstones, 
which,  even  when  salt,  run  much  lower  in  sulphates  than  do  the 
waters  of  the  higher  beds. 

What  has  been  said  concerning  cooking  and  boiler  feed  water  applies 
also  to  that  for  laundry  use.  The  prevailing  hardness  of  the  water  has 
led  to  the  extended  use  of  cistern  water  for  washing.  If  one-third  the 
rainfall  can  be  saved,  a  roof  10  feet  square  will  yield  about  600  gallons 
a  year.  It  is  only  in  part  of  the  sandstone  district  that  the  wells  are 
so  soft  that  there  is  no  object  in  saving  rain  water.  To  supplement  rain 
water  very  shallow  wells  are  sometimes  used,  when  only  2  or  3  feet  of 
sand  is  underlain  by  clay  and  has  been  washed  free  from  lime,  so  that 
one  can  get  practically  surface  rain  water.  In  a  fresh  cut  in  a  gravel 
bank  (e.  g.,  at  Mecosta),  the  leaching  out  of  the  lime  and  iron  from  the 
first  2  feet  or  so  is  well  marked  by  a  dark  line  at  the  bottom  where 
the  lime  and  iron  are  concentrated,  which  have  often  cemented  the 
pebbles  together  into  one  form  of  ''hardpan,"  a  term  also  applied  to 
till. 

The  same  remedies  for  hardness  mentioned  above,  viz,  exposure  to 
air,  boiling,  and  the  addition  of  quicklime  or  sal  soda,  are  also  avail- 
able in  laundry  use,  and  are  known  as  ''  breaking"  the  water. 

It  is  advisable  to  get  the  water  as  pure  as  possible  before  its  injec- 
tion into  the  boiler,  rather  than  to  rely  entirely  on  '' dosing"  the 
boiler. 

SUGAB-BBBT  INDUSTRY. 

In  the  manufacture  of  beet  sugar  it  is  important  to  have  a  water 
as  free  as  possible  from  salts,  for  every  molecule  of  chlorine  salt  is 
said  to  invert  about  five  molecules  of  sugar  into  glucose.  Organic 
matter  is  said  to  work  in  like  fashion.  None  of  the  surface  waters, 
and  but  few  of  the  deeper  drift  wells,  are  really  disqualified,  although 
there  is  considerable  difference  between  them.  Most  of  the  deeper 
rock  wells,  however,  over  300  feet  in  the  rock,  except  those  in  the 
northern  part  of  the  State  and,  relatively  speaking,  the  waters  of  the 
coal  basin,  would  be  unsuited  for  such  use.  A  great  deal  depends  on 
prompt  handling  and  skill. 

PHOTOGRAPHY   AND  OTHER  USES. 

For  photography,  paper  making,  wool  scouring,  and  manufacturing 
industries  generally  it  is  important  to  have  as  little  mineral  matter 
as  possible.  For  photography  rain  water  can  be  used  only  if  fairly 
free  from  organic  matter.  Photographers  frequently  use  the  common 
hard  water.     One  possible  exception  to  the  general  rule  that  sulphates 
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are  deleterious  in  msnofactnres  is  ale,  in  which,  it  has  been  said,^ 
a  certain  amount  of.  calcium  sulphate  is  an  improvement.  Gener- 
ally speaking,  however,  the  breweries  take  great  pains  to  get  as 
pure  water  as  possible.  In  compounding  medicines  also  a  pure  water 
is  of  imi>ortance.  The  industries  (salt,  potash,  bromine,  and  min- 
eral water)  dependent  on  minerals  in  the  water  are  not  here  treated. 
The  industries  requiring  pure  water  are  well  worth  consideration  in 
reenforciDg  the  demand  for  pure  water  and  in  estimating  the  availa- 
bility of  several  possible  supplies.  Of  course  pure  water  is  important 
to  those  seeking  the  most  favorable  location  for  such  industries. 

QUALITY  AND  QUANTITY  COMPARED. 

It  may  be  said  in  general  that  while  for  uses  which  look  first  to 
quantity  the  lakes  and  rivers  are  the  natural  source,  for  freedom  from 
organic  impurity  the  deeper  wells  have  the  preference.  Water  from 
both  these  sources,  except  from  some  sandstone  and  coal  measure 
wells,  is  rather  hard,  so  that  for  washing  cistern  water  is  preferred. 
The  deeper  the  well  the  greater  the  inorganic  impurity,  with  some 
noticeable  exceptions,  chiefly  in  that  the  waters  from  the  Napoleon 
sandstone  and  the  Dundee  limestone,  down  to  the  Sylvania  sandstone, 
may  be  less  charged  than  the  waters  from  beds  above. 

The  Great  Lakes,  with  properly  located  and  guarded  intake  pipes, 
furnish  a  good  city  water  supply.  The  supply  from  all  rivers,  even 
the  Detroit  and  St.  Clair,  should  be  filtered.  Many  towns  fortunately 
possess  an  ample  supply  from  deep  wells.  Only  in  that  territory  which 
lies  at  the  same  time  in  the  region  of  the  old  lake  bottoms,  colored  blue 
on  the  map  (PL  II),  and  that  of  the  Coldwater  shales  (see  PI.  YI)  is  the 
outlook  for  deep-well  supply  entirely  unpromising,  so  that  carefully 
filtered  river  water  or  aqueducts  from  springs  near  the  flank  of  the 
nearest  moraine  seem  the  most  hopeful  sources  of  large  supply  for 
towns. 

Statistics  show  that  city  use  is  generally  extravagant,  rarely  less 
than  100  and  rising  to  200  and  300  gallons  per  capita  a  day.  This 
is  much  more  than  domestic  use  requires,  and  is  due  partly  to  uses 
where  quality  is  comparatively  no  object,  such  as  street  sprinkling 
and  fire  protection,  the  use  of  lawn  hose  and  of  water  for  elevators 
and  light  machinery,  etc.,  but  largely  to  sheer  waste.  It  is  not  for 
the  public  welfare  to  stint  the  use  of  water  to  the  detriment  of  clean- 
linesSy  but  it  is  advisable  to  stop  waste,  and  the  effect  of  meters  in 
this  respect  is  wonderful.  It  would  be  well  to  have  a  minimum  price 
for  a  certain  quantity,  say  30  gallons  a  day  for  each  room  served,  to 
prevent  undue  economy,  and  after  that  charge  in  proportion  to  the 
amount  of  water  used.  It  is  a  question,  also,  whether  the  more 
wealthy  residents  who  use  the  lawn  sprinklers  freely  pay  more  or  less 
than  their  fair  share  of  the  water  rates  at  the  present  schedules. 

>  See  Enoy.  Brit.,  article  Barton. 
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Some  few  towns,  like  Rochester,  possess  an  ample  supply  of  unex- 
ceptionable water,  though  even  in  such  cases  a  prudent  provision  for 
the  interests  of  posterity  would  guard  against  the  waste  which  has 
already  lowered  the  head  in  some  communities  to  a  dangerous  extent. 
A  flowing  well  is  valuable,  and  the  head  needful  to  produce  one  should 
not  be  recklessly  wasted. 

Most  of  the  smaller  towns,  however,  stand  on  a  border  line.  They 
can  get  a  supply  of  well  water  which  will  suffice  for  ordinary  and 
economical  use  but  not  for  emergencies.  This  is  a  field  for  reservoirs 
and  for  filters.  It  should  be  remembered  that  the  efficacy  of  a  filter 
depends  very  largely  on  its  not  being  used  constantly,  but  allowed, 
as  it  were,  to  rest  from  time  to  time.  Filtration  of  a  lower  grade  sup- 
ply is  especially  adapted  for  extraordinary  demands.  The  ordinary 
supply  of  such  towns  as  Alma  and  Mount  Pleasant  should  be  from 
deep  wells,  but  in  case  of  fire  filtered  river  water  might  be  turned  in. 
To  use  unfiltered  river  water  without  notice  to  consumers  ought  to  be 
out  of  the  question.  Accustomed  as  people  may  be  to  the  better  supply 
they  will  not  use  the  same  precautions  as  if  they  had  the  poor  supply 
regularly.  In  the  Manual  of  American  Waterworks  it  appears  that 
there  are  many  towns  which,  in  case  of  fire,  pump  directly  from  the  river. 

Lower  Michigan  is  so  situated  with  respect  to  the  Great  Lakes  that 
most  of  the  larger  towns  can  derive  from  them  a  satisfactory  supply  by 
using  proper  precautions.  Many  others  can  derive  a  domestic  supply 
from  the  Marshall  sandstone.  Only  along  the  Saginaw  River  is  the 
question  of  water  supply  at  aU  serious.  Saginaw  Bay  is  exceedingly 
shoal,  and  for  East  and  West  Saginaw  and  Bay  City  the  supply  can 
not  be  regarded  as  at  all  satisfactory. 

It  seems,  however,  that  there  is  destined  to  be  a  city  of  the  first 
rank  along  Saginaw  River.  Even  if  from  the  sandstones  (not  merely 
the  drift  which  has  been  tested  unsuccessfully  by  the  waterworks 
exx)erimental  wells)  a  sufficient  supply  of  water  relatively  free  from 
mineral  can  not  be  obtained,^  it  seems  certain  that  to  the  west  and 
southwest,  in  Tuscola  County,  less  than  25  miles  away,  the  water 
resources  can  be  utilized  for  a  metroi>olitan  water  supply. 

CLIMATE. 

The  most  detailed  account  of  the  climate  of  the  State  is  by  the 
former  State  geologist,  A.  Winchell.* 

1  The  recent  ezploratioxifl  for  coal  and  city  wells  show  that  here  and  there  In  channels  there 
are  within  the  first  fXX>  feet  beneath  Saginaw  areas  of  water- bearing  sandstones. 

*  Tackabnry's  Atlas  of  the  State  of  Michigan,  edited  by  H.  F.  Walling.  First  edition,  1873; 
second  edition,  1884. 

Proc  Am.  Assoc  Adv.  Sd.  (Troy  meeting),  August,  1870. 

Harper's  Magairine,  Vol.  XLIII,  Jnly,  1871,  p.  275. 

Wegweiser  der  Michigan,  Hamburg. 

Oesterreich.  Ges.  far  Meteorologie,  Wien.    Zeltsch.,  Bd.  Vm,  February  1, 1873,  p.  40. 

From  WlncheU's  work  much  of  the  material  in  this  chapter  is  abstracted.  It  is,  of  course,  not 
wholly  up  to  date,  but  Prof.  E.  A.  Strong,  of  YiHrilanti,  director  of  the  State  weather  serrioe, 
who  has  studied  and  compiled  the  later  data,  informs  me  that  they  are  substantially  correct, 
and  I  am  indebted  to  Mr.  C.  F.  Schneider,  director  of  the  State  weather  service,  for  additional 
figures. 


LANK.] 


CLIMATE. 


49 


The  most  notable  features  of  the  climate  of  the  Lower  Peninsula 
may  be  summed  up  in  a  few  words  by  saying  that  it  is  what  its  name 
Implies,  pene-insular,  modified  by  the  fact  that  it  has  greater  relief 
than  the  neighboring  States  to  the  west.  The  mean  temperature  for 
the  year  is  higher  on  the  east  shore  of  Lake  Michigan  than  on  the 
west  shore,  as  is  also  vividly  shown  by  Winchell's  isothermals  of  the 
extreme  minima,  and  in  this  respect,  owing  to  air  drainage,  the  high- 
lands have  an  advantage  over  the  lowlands,  the  central  part  of  Mich- 
igan being  better  off  than  St.  Louis,  so  far  as  the  extreme  cold  of 
winter  is  concerned.  In  fact,  the  mean  of  January  temperature  is 
higher  and  of  July  heat  lower  than  farther  west. 

It  is  obvious  that  these  facts  have  a  bearing  on  the  run-off  of  the 
streams.  The  amount  and  distribution  of  the  rain  or  snow  must  also 
be  taken  into  consideration.  This  has  been  carefully  studied  for  the 
Kalamazoo  River  by  Mr.  Horton  in  a  previous  section,  page  26.  The 
average  precipitation  for  the  Lower  Peninsula  is  some  32  inches. 
The  heavy  dews  which  occur  in  some  parts  of  the  State  need  not  be 
taken  into  consideration  as  run-off,  however  important  they  may 
be  for  the  farmer,  because  they  are  largely  evaporated  or  absorbed 
by  plants  and  do  not  become  a  part  of  the  water  resources.  Some 
idea  of  this  factor  might  be  obtained  from  the  relative  humidity  of 
the  air,  but  as  to  actual  rainfall  the  Lower  Peninsula  is  in  about  the 
condition  of  Wisconsin.  The  distribution  of  this  precipitation  is 
also  of  interest.  The  contrast  in  the  winter  between  the  upper  and 
lower  {Mtrts  of  Michigan  has  frequently  been  observed.  The  region 
of  Lake  Superior  will  be  buried  in  snow  2  or  3  feet  deep  when 
through  the  lower  part  snow  is  found  only  in  scattered  patches. 
Winchell  gives  the  following  table: 

Distribution  of  precipitation  in  Michigan  by  seasons. 


Season. 


Spring 

Summer  .. 
Aatiunn  .. 
Winter  ... 

Total 


Upper 
Peninsi  ' 


ola. 


Percent, 
19. 
27. 
28.8 
22. 


96.8 


Lower 
Penlnsala. 


Per  centm 
25.8 
28.7 
27.3 
19.1 


100.9 


The  State. 


jPer  cent, 
28.8 
28.8 

27.7 
20. 


99.8 


Taking  into  consideration  both  the  milder  climate  and  the  marked 
diminution  of  precipitation  in  winter,  the  table  above  indicates  less 
accumulation  of  snow  during  the  winter.  Thus  the  spring  freshets 
are  much  less  decided  than  in  many  other  States,  while  the  temporary 
winter  snows  largely  sink  into  the  ground.  From  this  results  a  steadier 
flow  and  less  erosion  and  fewer  flood  plains  in  the  streams  than  would 
otherwise  be  the  case.  The  many  lakes  without  outlets  would  fluctuate 
IBB  30 4 
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even  more  violently  were  this  not  the  case,  and  doubtless  be  more 
likely  to  cut  channels  for  themselves.  The  abundance  of  lakes  also 
helps  to  keep  more  uniform  the  flow  of  the  streams.  The  effect  of  cul- 
tivation, on  the  other  hand,  is  to  make  the  spring  freshet  sharper  and 
earlier,  for  the  snow  disappears  first  from  plowed  fields  and  cleared 
lands. 

For  the  four  figures  (figs.  2  to  5)  illustrating  Michigan  climatology 
I  am  indebted  to  the  director  of  the  Michigan  weather  service,  Mr.  C.  F. 


^AKe     SUPeRIOR 


Fig.  2.— Dlstzibntion  of  average  minimum  temperature  in  M<fth<g*Ti- 

Schneider.  They  are  compiled  from  the  records  of  the  various  stations 
(about  108  in  all),  and  are  the  result  of  averaging  all  the  data  on  file 
in  the  office,  in  general  covering  a  period  of  about  ten  years,  except 
for  the  precipitation  chart  (fig.  5),  which  covers  a  much  longer  period. 
The  period  of  observation  is  not  the  same  for  all  stations.  The  tem- 
perature observations  at  Lansing  go  back  to  1873. 

Fig.  2  shows  the  average  of  the  average  diurnal  minimum  temper^ 
ature  for  each  year. 
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The  moUifyiag  effect  of  the  westerly  winds  blowing  off  Lalc« 
Michigan  sad  Saginaw  Bay  is  very  apparent.  The  highlands  north- 
west of  S^naw  Bay  have  extremely  low  minima,  as  might  be 
expected,  while  those  southeast,  on  the  contrary,  have  not  so  low 
minima  as  the  Saginaw  Valley,  and  it  appears  that  the  valleys  drain* 
ing  thither  have,  on  the  whole,  lower  minima  than  those  draining 
HoQtheast. 


Flo.  EL— Dtstrllnitloit  of  »TOTaeo  nmxlamin  temperatnrcln  MtctilgMn, 

Pig.  3  similarly  gives  the  average  of  the  average  maximum  tem- 
perature during  each  year.  At  the  northern  end  of  Lake  Michigan 
the  nuudmam  as  well  as  the  miuimum  temperature  is  raised,  and  the 
general  average  is  abnormally  high  (fig.  4).  At  the  lower  end,  how- 
ever, the  maximum  and  the  mean  temperaturesare  but  little  raised,  so 
that  the  lake  serves  only  to  mollify  the  frosts  of  this  fruit  belt,  chang- 
ing the  climate,  as  a  whole,  only  as  it  becomes  more  equable.  The  two 
highlands  have  opposite  relations  to  the  maxima;  the  one  northwest 
of  Saginaw  Bay  has  specially  low  maxima,  while  the  one  southeast 
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is  distinctly  higher.  The  former  is  sandy  and  largely  covered  with 
barren,  denuded  jack-pine  plains;  the  latter  is  lower,  more  clayey, 
more  cultivated,  and  probably  retains  its  moisture — the  great  regu- 
lator of  climate — ^better. 

Fig.  4,  showing  the  mean  temperature,  indicates  that  warmth  enters 
from  the  southwest  comer  of  the  Lower  Peninsula  and  extends 
up  Grand  River  Valley,  while  the  temperature  at  Saginaw  is  rather 


^AKe     3  UPEf^lOR 


Fio.  4.— Dlstribation  of  ayerage  mean  temperature  in  M<^^<gi^n 

colder  than  it  is  immediately  east  or  west.  The  mollifying  effects  of 
Lake  Erie  and  Lake  St.  Clair  are  also  shown  in  figs.  3  and  4.  It  is 
generally  supposed  that,  as  stated  below,  the  temperatures  of  flowing 
wells  are  those  of  the  localities  given  in  fig.  4,  plus  a  certain  amount, 
this  amount  depending  on  the  depth  of  the  well — about  1  degree  in 
60  feet,  but  observations  give  rather  higher  temperatures  in  wells  less 
than  200  feet  deep.  The  summer  rains  may  penetrate  farther  and 
more  rapidly  than  do  the  winter  snows. 
Fig.  5  shows  the  average  rainfall.     In  the  southern  part  of  the 
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peningnla  prooipitation  and  temperature  seem  to  increase  together, 
while  in  the  northern  part  of  the  peninsula  a  line  of  low  precipi- 
tation seems  to  extend  from  Saginaw  Bay  to  Grand  Traverse  Bay. 
It  in  a  fortnnato  coincidence  that  the  flat,  low,  clayey,  easily  flooded 
S^naw  Valley  has  a  relatively  low  record  in  precipitation  as  well  as 
in  temperature,  while  the  sandier  western  shore  has  more  rain. 

The  wind  has  some  inflaence  on  problems  of  water  supply.     Many 
wells  are  said  to  change  their  level  with  the  wind.     This  is  probably 


FlO.  G.— DlstTlbatloa  ot  average  umuiLl  predplutluu  in  Mlclilgiui 

in  many  cases  not  directly  due  to  the  wind  but  to  fluctuations  in  baro- 
metric pressure.  The  prevailing  winds  have  another  very  important 
effect.  Where  the  prevailing  wind  is  on  shore,  the  shore  is  more  apt 
to  be  sandy  than  where  the  wind  is  offshore.  A  large  part  of  the  penin- 
sula has  been  covered  by  lakes  and  the  sandy  character  of  the  shorea 
and  old  shore  lines  that  face  the  west,  which  is  the  direction  of  the 
prevailing  wind,  is  pronounced.  It  should  be  remarked,  in  addition, 
that  during  the  hot  days  of  summer  a  marked  afternoon  breeze  from 
the  lake  is  a  prevailing  feature. 
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LONG-PERIOD  VARIATIONS  IN  RAINFALL. 

There  is  one  important  feature  of  the  climate,  however,  on  which  no 
light  can  be  gained  from  Winchell — ^the  variations  of  the  annual  rain- 
fall from  year  to  year.  This  may  be  learned  from  the  fluctuation  of  the 
ground-water  level,  or  the  level  of  the  Great  Lakes,  which  observation 
has  shown  (see  fig.  1)  rise  and  fall  according  as  the  general  rainfall  of 
the  previous  years  has  been  more  or  less  than  the  average.  When 
the  rainfall  for  several  years  has  been  below  the  average  there  is  also 
a  fall  in  the  level  of  underground  water  and  in  the  level  of  the  lakes, 
especially  those  that  have  no  outlets.  Clam  Lake,  near  Cadillac,  has 
varied  16  feet  within  memory,  and  Houghton  Lake  and  Higgins  Lake 
are  lower  than  they  have  been.  One  will  everywhere  find  reports 
that  the  lakes,  streams,  and  wells  are  lower  than  they  were  formerly, 
and  muck  plains  (PI.  Ill,  B)  underlain  by  shells,  marking  former 
lake  bottoms  may  be  seen.  This  lowering  of  lakes  and  ground  water 
is  ascribed  to  various  causes,  all  of  which  may  perhaps  be  at  work. 

In  the  first  place,  it  is  argued  that  cultivation  tends  to  accelerate 
the  run-off  so  that  water  does  not  have  time  to  soak  into  the  earth. 
This  is  doubtless  true.  On  preliminary  railroad  profiles,  for  instance, 
areas  are  marked  "  swamp  "  or  even  "  all  wat^r  "  which  are  now  fertile 
fields  by  no  means  damp.  The  original  Government  field  notes  of  the 
United  States  Land  Office  also  show  areas  marked  '^  swamp  "  which  are 
far  from  such  to-day.  Much  discussion  and  many  charges  of  fraud 
concerning  these  ''State  swamp  lands"  have  arisen,  but  not  all  such 
descriptions  were  by  any  means  fraudulent.  Many  of  these  swamps 
are  explicitly  described  as  beio^er  meadows  or  as  due  to  beaver  dams. 
The  beavers  have  gone,  their  dams  have  been  broken,  and  the  swamp 
has  become  dryer.  Again,  loggers'  operations  are  active  in  clearing 
out  the  streams  and  in  cutting  out  the  dams,  though  they  erect  dams 
and  obstructions  of  their  own.  On  the  whole,  however,  the  floods, 
aided  by  the  loggers,  have  cleared  the  streams  and  made  them  more 
efficient  drainage  channels.  The  more  irregular  the  flow  of  a  given 
quantity  of  water  the  greater  its  efficiency  as  an  erosive  agent. 

The  next  cause  to  be  considered  is  devastation  by  fire.  Logging 
operations  leave  the  forest  a  forest  still,  but  the  black  scourge  of  fire 
which  follows  strips  the  ground  of  leaves,  and,  worst  of  all,  fre- 
quently consumes  the  vegetable  mold  that  absorbs  water  like  a 
sponge.  The  amount  of  water  actually  evaporated  by  a  fire  is  insig- 
nificant in  proportion  to  the  permanent  damage.  Most  of  this  fire 
waste  is  accidental,  but  some  of  it  is  the  result  of  gross  carelessness. 
I  have  seen  a  meadow  with  the  mold  of  generations  burned  clean  in 
clearing,  leaving  only  a  bare  subsoil  of  sand  fertilized  with  ashes  that 
will  yield  good  crops  for  a  few  seasons  only  and  then  be  leached  out. 
Then  comes  the  plow.  Sandy  soils  still  absorb  water,  some  of  them 
having  36  per  cent  water  capacity,  but  some  of  the  bare,  plowed, 
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sun-baked  slopes  of  the  clay  hills  are  almost  impervious  to  water. 
Finally,  in  the  extreme  lowlands  drains  of  every  size  and  variety,  from 
the  farmer's  tile  drains  to  the  roadside,  the  township,  and  the  large 
connty  drains,  accelerate  the  departure  of  undesired  water. 

The  time  may  come  when  drainage,  instead  of  being  down  the  slopes, 
will  be  along  them,  transferring  the  water  from  the  hollows  to  the 
lower  uplands  and  thus  promoting  irrigation.  But  that  time  has  not 
yet  come.  ' 

In  the  second  place,  there  is  often  supposed  to  be  a  general  desicca- 
tion of  the  climate,  a  steady  decrease  in  precipitation.  Of  this  there 
is  no  definite  historic  evidence,  though  of  course  in  the  ice  age  and 
immediately  subsequent  there  was  certainly  more  water  in  all  lakes 
and  rivers,  though  possibly  no  greater  precipitation.  Frozen  water 
once  covered  the  country.  Legends  of  what  the  Indians  used  to  do  in 
the  way  of  canoeing  can  be  easily  interpreted,  partly  by  the  desiccation 
due  to  settlement  (which  has  already  been  mentioned)  and  partly  by 
the  fluctuations  of  precipitation  and  water  stage  from  decade  to  decade. 
But  as  research  shows,  the  general  water  level  has  been  fairly  con- 
stant during  the  century.  A  period  (1886-1896)  of  decreasing  rainfall, 
however,  which  has  just  been  passed,  has  lowere<i  the  lakes  and  caused 
the  wells  to  fail  in  a  way  that  has  surprised  the  oldest  inhabitants 
of  many  of  the  new  towns.  It  is  necessary  to  go  back  many  years  for 
a  similar  fall. 

SHORT-PERIOD  FLUCTUATIONS  IN  WATER  LEVEL. 

Sudden  fluctuations  occur  in  the  Great  Lakes  and  in  the  ground 
water  which  are  not  regular  annual  and  seasonal  fluctuations  like  those 
before  described,  but  are  more  like  waves  of  great  breadth,  the  whole 
water  of  the  lake  basin  washing  from  side  to  side.  An  instance  may 
be  recorded  in  which  the  surface  of  a  channel  connecting  a  small  lake 
with  Lake  Superior  rose  and  fell  about  a  foot  in  an  interval  of  twenty 
minutes.  Similar  fluctuations  occur  everywhere  in  the  lake  and  com- 
pletely disguise,  except  to  most  careful  and  systematic  observation, 
the  minute  lunar  tides.  Sometimes  these  variations  can  be  distinctly 
traced  to  the  wind.  A  strong  north  wind  will  pile  the  water  up  in 
Saginaw  Bay,  and  a  strong  southwest  wind  will  drive  it  out.  A  varia- 
tion of  400  feet  in  the  position  of  the  shore  line  has  thus  been  caused 
in  one  night.  Another  cause  of  these  variations,  often  cooperant  with 
the  one  just  mentioned,  is  a  variation  of  atmospheric  pressure  over 
different  parts  of  the  lake  basin,  the  water  tending  to  rise  when  the 
pressure  is  least. 

Analogous  phenomena,  probably  due  to  analogous  causes,  are 
reported  from  numerous  wells,  but  as  yet  have  not  been  subjected 
to  careful  investigation.  When  the  wind  is  in  a  certain  quarter 
long  enough  or  strong  enough,  or  just  before  a  storm  (i.  e.,  at  a 
time  of  low  atmospheric  pressure),  the  water  is  reported  to  oome 


56     WATER  RESOURCES  OP  LOWER  PENINSULA  OF  MICHIGAN.     [»o.80. 

more  freely,  to  have  greater  head,  or  to  be  roily.  These  phenomena 
are  naturally  most  conspicuous  in  wells  which  flow  with  no  great 
head,  and  are  analogous  apparently  to  those  long  noted  on  Stromboli 
and  Vesuvius,  which  are  said  to  discharge  their  lurid  contents  more 
freely  before  a  storm.  Sometimes  these  phenomena  are  attributed  to 
direct  connection  with  the  lake.  This  theory,  of  course,  ought  not  to 
be  rejected  in  all  cases;  but  similar  phenomena  occur  so  far  from  the 
lake  that  it  is  safe  to  assume  that  in  most  cases  the  ^ell  fluctuations 
are  due  to  the  same  cause  as  the  fluctuations  in  the  lake  rather  than 
to  the  fluctuations  themselves.  An  interesting  *' breathing"  dry  well 
is  noted  in  sec.  7,  T.  35  N.,  R.  5  E.,  a  phenomenon  which  has  been 
noticed  in  caves  elsewhere  in  the  world. 

WELL  TEMPERATURES. 

Special  attention  is  due  to  the  effect  of  mean  annual  temperature 
on  the  temperature  of  wells  and  springs.  It  is  true  in  general  that 
the  temperature  of  the  water  in  flowing  wells  or  springs  represents 
the  mean  t<emperature  of  the  locality,  but  there  are  some  qualifica- 
tions; something  must  be  allowed  for  the  increase  of  temperature 
which  we  find  everywhere  in  going  toward  the  center  of  the  earth. 

If  the  rate  of  increase  shown  by  the  Alma  Sanitarium  deep  and 
shallow  wells  gives  a  true  average,  we  get  an  increase  of  temperature 
of  about  (98°-48°=50°)-T-(2863-157=2706)  or  V  in  54  feet,  which  is 
very  nearly  the  normal  rate  of  increase  of  the  world,  which  may  be 
assumed  in  preliminary  reductions.  Other  wells  at  Midland,  S^- 
naw,  Frankfort,  etc.,  would  give  other  rates  down  to  1®  in  100  feet,  but 
they  are  for  less  depths.  Water  flowing  from  a  driven  well  56  feet 
deep,  therefore,  might  have  its  temperature  raised  about  I''  above 
the  average  for  the  place,  provided  it  had  been  flowing  so  long  or  in 
so  strong  a  stream  that  the  temperature  of  the  ground  traversed  on 
the  way  up  did  not  affect  it.  The  effect  of  the  summer's  heat  and  the 
winter's  cold  is  felt  in  the  ground  (as  Lisbon  and  Edinburgh  obser- 
vations have  shown)  to  a  considerable  depth,  the  annual  variation 
growing  less  with  increased  depth  and  the  time  of  greatest  cold  becom- 
ing later,  so  that  if  the  flow  is  from  30  to  60  feet  down  the  temperature 
should  be  actually  slightly  lower  in  summer  than  in  winter.  Observa- 
tions by  Prof.  C.  A.  Davis,  of  Alma  (T.  11  N.,  R.  3  W.),  show  this  to 
be  the  case  in  some  of  the  wells  there,  the  water  of  a  well  55  feet  deep 
standing  at  52°  F.  in  winter  and  at  48°  F.  in  summer.  Other  obser- 
vations of  the  temperature  of  wells  require  modiflcation  to  allow  for 
the  above  factors.  But  it  is  certain  that  the  temperature  of  water 
from  a  well  100  feet  deep  ought  not  to  vary  more  than  2°  F.  from  the 
mean  annual  temperature  of  the  place,  and  probably  in  summer,  when 
observations  are  usually  taken,  is  very  near  it,  the  effect  of  the  last 
winter's  cold  balancing  that  of  the  earth's  thermal  gradient. 
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The  temperature  of  deep-flowing  wells  of  small  bore  is  somewhat 
affected  by  the  earth's  heat,  e.  r.,  the  deeper  Bay  Port  (T.  17  N.,  R. 
9  E.)  wells;  but  it  would  certainly  be  incorrect  to  take  anjrthing  near 
(338-7-56  =)  6°  from  their  temperature  (of  47°  F.)  to  obtain  the  mean 
temperature  of  the  place.  Again,  as  the  winter  temperature  is  felt 
to  a  depth  at  which  no  effect  of  a  particular  cold  day  or  week  can 
be  detected,  so  a  series  of  extra  cold  or  extra  hot  years  will  modify 
the  temperature  to  a  depth  where  no  trace  of  annual  fluctuation  can 
be  observed.  In  a  similar  way  any  permanent  factor,  like  the  pres- 
ence of  a  boiler  house  or  a  cellar  furnace,  may  modify  the  temper- 
ature of  a  flowing  well  to  a  considerable  depth.  A  good  illustration 
tion  is  afforded  in  a  flowing  well  at  the  sawmill  in  Rose  City  (fig.  8), 
which  is  deeper  and  on  ground  25  feet  lower  than  the  wells  of  the 
town;  but  this  is  not  suf&cient  to  account  for  nearly  7°  greater  warmth 
over  the  hotel  well. 

SUFEBFIdAIi  GBOIiOGT  ANB  TOPOGRAPHY, 

GENERAL    DESCRIPTION. 

The  contour  map  of  the  State  (PL  I)  shows  two  high  areas,  to  the 
southeast  and  northwest  of  Saginaw  Bay,  respectively,  which  are  also 
brought  out  in  fig.  6.  WincheU  has  laid  down  the  following  proposi- 
tion (Tackabury's  Atlas  of  Michigan,  p.  14) :  ^^  The  actual  topographical 
and  hydrographical  axes  of  Michigan  and  the  whole  lake  region  are 
the  resultant  of  two  forces — a  glacial,  acting  from  the  northeast,  and 
a  stratigraphical,  acting  along  the  lines  of  strike  of  the  rock  forma- 
tions." This  is  what  he  calls  the  diagonal  system  in  the  physical 
features  of  the  State.  While  this  statement  may  be  true  in  a  broad 
way,  it  must  be  seriously  modified  to  express  the  facts  of  the  case. 
It  ignores  the  shore  lines  of  the  old  lakes,  elsewhere  recognized  by 
Winchell  as  an  important  factor,  and  it  is  really  as  approximately 
true  that  the  various  positions  in  Michigan  where  the  glacial  front 
halted,  i.  e.,  the  moraines,  and  more  or  less  at  right  angles  to  the  direc- 
tion of  its  motion,  are  the  dominant  features,  and  that  next  to  them 
come  the  lines  of  halt  of  the  lakes  succeeding.  The  old  stratigraphic 
lines  of  rock  outcrops  are  very  obscure. 

In  a  broad  way,  as  described  by  Winchell,  the  consolidated  rocks 
are  arranged  in  concentric  circles,  surrounding  the  coal  measures 
which  occupy  the  center  of  the  State.  (See  map,  PL  VI.)  During 
Mesozoic  and  Cenozoic  time  these  were  eroded,  but  two  sets  of  strata 
proved  to  be  sufficiently  resistant  to  become  topographic  features  of 
the  first  class.  The  Marshall  sandstones  (Logan  conglomerate),  the 
Helderberg  in  the  southern  part  of  the  State,  and  the  Traverse  lime- 
stones in  the  northern  part  of  the  State,  tended  to  make  ridges,  as 
may  be  seen  in  the  cross  section  (fig.  10).  Inasmuch  as  the  softer  coal 
basin  rocks  were  thus  surrounded  by  harder  strata  this  harder  rim 
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would  be  cut  across  in  some^  way.  The  evidence  seems  strongly  to 
indicate  that  the  channel  draining  the  central  basin  went  off,  not  as 
Spencer  has  suggested,  through  the  Saginaw  Valley,  but  past  Manis- 
tee toward  the  great  valley,  now  occupied  by  Lake  Michigan,  which 
was  excavated  in  the  softer  shales,  gypsum,  and  salt,  and  marks  the 
Salina  (Lower  Helderberg).  The  circumvallation  was  probably  some- 
what broken  in  the  region  of  Saginaw;  at  any  rate,  the  outer  circle 
made  by  the  Helderbei^  (Travei*se,  Dundee,  and  Monroe  limestones) 
was  passed.  Thus  the  ice  flood,  advancing  from  the  Laurentian  high- 
lands, was  deflected  by  this  circular  double  rampart  and  passed  in  two 
great  lobes — the  Michigan  and  the  Huron-Erie  respectively — west  and 
east  of  it.  As  the  ice  reached  its  maximum,  however,  it  broke  over 
the  outer  rampart  and  passed  down  the  present  valley  of  the  Sagi- 
naw. At  the  greatest  extent  of  the  ice  Michigan  was  completely  and 
undoubtedly  smoothly  covered  with  it.  Of  inter-Glacial  periods,  with 
accompanying  forest  beds  and  other  deposits  interstratified  with  the 
till,  the  evidence  is  not  very  clear  in  Michigan.  This  is  a  point  of 
importance,  as  such  inter-Glacial  beds  might  be  water-bearers.  The 
red  clay  described  by  Rominger  may  be  such  an  inter-Glacial  forma- 
tion. Wood,  however,  is  not  uncommonly  found  in  boring  wells,  as  at 
Vassar,  at  Paw  Paw,  in  Huron  County,  and  elsewhere. 

A  bed  of  gravel  or  bowlders,  which  is  porous  compared  with  the 
overlying  till,  generally  comes  just  above  the  bed  rock,  and  the  till 
itself  is  sometimes  composed  of  alternations  of  gravelly  clay  and  sand 
or  quicksand.  Such  alternations  and  buried  wood  might  be  explained 
by  the  oscillations  in  the  advance  and  retreat  of  the  ice  front  and  by 
the  shifting  of  the  ice  streams  from  season  to  season,  decade  to  decade, 
or  century  to  century.  It  should  be  remembered,  too,  that  caution 
must  be  used  in  interpreting  the  results  of  mere  borings.  For  instance, 
a  3-foot  seam  of  sand,  reported  in  a  2-inch  boring  near  Saginaw,  when 
a  shaft  was  sunk  proved  to  be  merely  an  irregular,  nearly  vertical 
seam. 

It  can  not  be  said  that  below  the  present  surface  of  the  drift  such 
an  oxidized  and  eroded  surface  has  been  detected  as  would  plainly 
imply  an  inter-Glacial  period  of  considerable  duration.  Such  a  sur- 
face, especially  near  the  center  of  motion,  would  often  be  swept  away 
and  obliterated  by  the  readvance  of  the  ice,  and  I  have  seen  few 
exposures  which  indicated  it,  for  erosion  has  not  gone  very  deep  since 
the  last  disappearance  of  the  ice.  The  cliffs  north  of  Frankfort,  and 
particularly  the  valley  of  the  Au  Sable,  would  seem  most  hopeful 
places  for  the  search.  I  should  be  puzzled  to  know  how  to  make  sure 
of  its  existence  from  a  mere  well  record,  unless,  perhaps,  such  a  zone 
being  reached  might  be  recognized  by  the  yielding  of  softer  water 
than  that  of  the  strata  above. 

The  comparative  lack  of  evidence  of  inter-Glacial  epochs  in  Michi- 
gan, compared  with  States  farther  south,  can  not,  however,  be  wholly 
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accidental,  and  the  advance  of  the  ice  may  be  likened  to  the  tides 
rising  and  falling  on  the  shore.  The  highest  tides  of  spring  extend 
farther  than  the  others,  and  the  intervals  between  such  extreme 
tides  are  at  least  half  a  year.  Lesser  high  tides  occur  twice  a  month, 
and  the  common  tides  ebb  and  flow  every  day.  So,  down  the  beach, 
areas  but  rarely  reached  by  the  waters  and  uncovered  most  of  the 
time,  adjoin  those  generally  covered  by  the  waters.  Thus,  along 
the  Ohio  River — ^the  line  of  the  greatest  extension  of  the  ice— its 
presence  must  have  been  comparatively  brief  and  its  visits  few, 
while  in  Michigan,  nearer  the  source  of  the  ice,  the  inter-Glacial 
periods  may  have  been  partly  or  wholly  absent  and  certainly  must 
have  been  shorter.  When  the  ice  finally  retired,  a  lobed  arrangement 
of  the  ice  front — ^two  large  lobes  on  each  side  of  the  Marshall  cir- 
cumvallation  and  a  smaller  one,  the  Saginaw  lobe,  passing  directly 
over  it — were  conspicuous  and  remained  the  most  important  features 
in  determining  the  topography  of  the  State.  (See  map  of  the  Pleis- 
tocene deposits,  PI.  II.) 

The  general  theory  is  that  the  ice  retired  first  from  the  higher  lands; 
the  Saginaw  ice  lobe,  therefore,  retired  first,  and  bounding  it  on  each 
side  were  two  deeply  reentrant  cusps,  which  may  be  said  to  be  the 
topographic  axes  of  the  State.  Naturally,  streams  issued  from  such 
cusps,  draining  away  the  water  from  the  wasting  glacier,  so  that  the 
typical  form  in  which  cusps  appear  is  that  of  a  stream  valley,  much 
wider  than  the  present  stream,  charged  with  gravel  and  bowlders — 
valley  trains — and  heavily  belted  with  moraines.  This  concentration 
of  till  and  detritus  on  the  highest  parts  of  the  rock  fioor  naturally 
forms  the  highest  parts  of  the  State  (see  fig.  10). 

The  eastern  cusp  follows  fairly  closely  the  dividing  line  between 
the  drainage  into  Lake  Erie,  Lake  St.  Clair,  and  Lake  Huron  (direct), 
and  the  drainage  into  Saginaw  Bay  and  Lake  Michigan.  It,  and  also 
the  other  cusp,  is  marked  by  a  belt  of  country  crowded  with  lakes. 
Of  the  western  cusp,  Mr.  Leverett  thinks  that  he  can  determine  the 
moraines  on  the  Michigan  side  from  those  on  the  Saginaw  or  east  side, 
by  the  fact  that  the  latter  contain  many  more  pebbles  of  a  bright  red 
jasper  conglomerate.^ 

Thus,  at  the  extreme  southwest  of  the  State,  where  the  cusp  first 
entered,  Mr.  Leverett  refers  to  the  Saginaw  lobe,  because  it  bears 
many  red  jasper-conglomerate  pebbles,  the  morainic  belt  (see  PI.  II) 
which  passes  northeast  from  Niles  and  goes  through  Kendall,  in  the 
northeast  comer  of  Van  Buren  County.  Therefore  the  first  position 
of  the  cusp  would  lie  between  it  and  the  stronger  ridge  just  west, 
which  undoubtedly  belongs  to  the  Michigan  lobe  and  is  known  as  the 
Valparaiso.    In  confirmation,  Mr.  Bate,  a  surveyor  of  much  experi- 

^  My  own  obaervatloiis  agree  so  far  as  thej  go,  but  the  fact  Is  singular.  The  conglomerate 
and  jasper  in  question  appear  to  come  from  the  original  Huronian  area  on  Thenalon  Riyer  in 
Panada,  aad  one  woold  think  that  they  would  find  their  way  rather  into  the  Michlgaa  than  into 
the  Huron-Saginaw  lobe. 
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ence  in  the  region,  states  that  the  red  jasper-conglomerate  is  abundant 
in  Montmorency  County,  but  scarce  or  absent  in  Otsego  County, 
except  near  the  eastern  line.  It  is  to  be  noticed  that  on  the  map 
(PI.  II)  these  moraine  belts  have  their  separate  color,  and  the  more 
important  areas  of  sand  and  gravel  deposited  by  streams  draining  the 
ice  front  are  also  delineated,  although  many  smaller  areas  of  gravel 
and  sand  and  stream  channels  are,  for  the  sake  of  clearness,  omitted. 
A  different  color  is  devoted  to  those  areas  over  which  the  ice  front 
retreated  more  rapidly,  making  less  conspicuous  ridges. 

Both  cusps  were  evidently  guided  by  the  higher  land  of  the  Mar- 
shall sandstone  outcrop.  As  the  eastern  cusp  worked  northeast  the 
upper  valleys  of  the  two  St.  Joseph  rivers,  the  Tiffin  (whose  drainage 
area  has  been  preyed  on  by  the  Raisin),  and  the  upi>er  Huron  River 
above  Dexter,  which  probably  drained  off  at  one  time  past  Adrian  and 
possibly  earlier  found  its  way  into  the  Ohio,  were  successive  outlets 
of  discharge.  Farther  northeast  the  drainage  has  been  largely  rear- 
ranged, though  the  upper  parts  of  the  Clinton  River,  and  later  the 
northern  forks  of  the  Flint  River,  the  Cass  River  on  the  Saginaw 
Valley  side,  and  the  Black  and  its  branches  on  the  other,  served  for  a 
time.  The  old  summit  swamp  referred  to  by  Taylor^  may  also  be 
mentioned,  and  in  Huron  and  Tuscola  counties  a  number  of  channels 
are  known  which  evidently  drained  the  ice  front  but  are  too  numerous 
to  be  indicated  in  a  general  map.  High  deposits  near  the  angle  are 
found  at  Metamora,  between  Deanville  and  Brown  City,  and  near 
Verona  Mills. 

For  the  other  cusp  Dowagiac  Creek  served  at  first  and,  with  St. 
Joseph  River,  poured  into  the  Keokuk  that  vast  expanse  of  gravel 
which  is  found  in  its  upper  reaches  in  Indiana.  Then  passing  north, 
through  a  belt  full  of  lakes,  down  the  valley  of  the  Thornapple,  it  may 
be  followed  up  the  valley  of  Flat  River,  and  past  Mecosta  into  the 
Muskegon  Valley.  In  the  Muskegon  Valley  there  is  a  stream  which, 
first  by  way  of  Mecosta  and  Barryton  and  then  by  the  main  stream, 
received  the  cusp  drainage  for  a  considerable  time.  Thus  the  cusp 
may  be- followed  into  Oscoda  County.  From  this  point  on  the  origi- 
nal cusp-drainage  lines  have  again  been  so  disturbed  and  reversed 
that  it  is  hard  to  trace  them.  Probably  the  high  points  near  Otsego 
Lake  were  at  one  angle.  An  old  channel  seems  to  pass  near  Valen- 
tine Lake.  But  the  ice  soon  retired  and  allowed  the  water  to  fiow 
freely  all  around  the  peninsula. 

The  lines  of  retreat  of  these  cusps  are  bordered  with  moraine  hills, 
composed  of  the  debris  left  by  the  ice  front  where  it  tarried  long  or 
readvanced.  Moreover,  the  ranges  of  moraine  hills  are  crowded 
together  and  are  higher  toward  the  lines  of  cusp  retreat,  for,  these  hills 
being  nearly  parallel  to  the  direction  of  ice  advance  and  retreat,  a 
general  advance  or  retreat  in  the  ice  front  made  only  a  slight  differ- 


1  Geol.  Soo.  Am.,  Vol.  VIII,  1896,  p.  31. 
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ence  in  their  position.  Of  coarse  such  moraine  belts  are  studded  with 
small  tarns — deep  lakes  of  water  caught  between  the  various  rows. 
Some  of  the  moraines,  especially  the  higher  ones,  which  do  not  mark 
readvanoes  so  much  as  the  edge  of  the  cusp  dump  grounds,  are  exceed- 
ingly sandy,  with  hardly  any  clay,  and  in  such  cases  the  lakes  fre- 


FiG.  ft.~Sketch  map  of  the  drainaice  of  Lower  Michigan. 


quently  have  no  outlets.  Lakes  of  another  variety  are  formed  in  the 
following  way.  The  moraine  belts  are  frequently  cut  through  by  chan- 
nels which  served  as  vents  for  streams  coming  forth  from  the  moraine. 
Only  a  few  of  these  channels  are  indicated  on  PI.  II.  One,  well  marked, 
is  formed  by  the  upper  valley  of  Willow  Creek  in  T.  16  N.,  R.  13  E., 
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Huron  County,  which  also  has  branches.  Near  Harrison,  in  Glare 
County,  are  others,  some  of  the  finest  that  I  have  seen.  Entering 
the  valley  of  the  South  Branch  of  Muskegon  River  there  are  others, 
in  T^  14  N.,  R.  8  W.  But  many  that  I  have  noticed  I  have  not  yet 
been  able  to  connect  into  significant  channels.  Now,  while  sometimes 
the  old  channels  abandoned  by  the  streams  from  the  melting  ice  sheet 
stand  perfectly  empty,  more  often  they  are  occupied  by  marshes  at 
least,  and  not  infrequently  by  lakes,  the  hollows  occupied  by  the 
lakes  having  been  made  by  the  melting  of  a  lump  of  ice  (kettle-holes), 
by  irregular  settling  of  the  sand,  by  an  original  sand  bar  in  the  stream, 
or  by  delta  sand  washed  in  by  some  tributary  Glacial  or  post-Glacial 
stream.  Many  of  the  long,  winding,  and  generally  shallow  **  crooked" 
lakes,  are  thus  located. 

It  is  obvious  that  thus  to  uncover  and  drain  the  higher  lands  must 
produce,  first  of  all,  a  peculiarly  unnatural  form  of  drainage.  A 
marked  type  of  river  valley  is  thus  produced.  (See  fig.  6.)  All  the 
larger  streams  begin  to  flow  to  the  south,  starting  from  some  of  the 
lines  of  drainage  from  the  ice.  They  run  along  the  ice  front  opposite 
a  moraine,  which,  as  a  comparison  of  fig.  6  and  PI.  II  shows,  is  often 
a  divide,  and  receive,  of  course,  some  tributaries  from  the  north, 
which  usually  flow  in  valleys  of  ice  outlets,  but  also  receive  a  great 
many  streams,  perhaps  smaller  individually,  which  flow  down  the 
back  of  the  moraine  last  deserted.  At  some  point  in  their  flow  they 
reach  the  old  lake  shores,  unless  they  are  flrst  diverted  by  some  stream 
which  has  cut  back  through  the  moraine,  and  thence  flow  more  directly 
down  to  the  present  lake.  This  accounts  for  two  of  the  most  striking 
facts  in  studying  the  drainage  of  the  Michigan  streams,  namely:  (1) 
The  principal  stream  valleys  curve  so  as  to  be  concave  northward; 
(2)  the  principal  streams  receive  more  numerous  tributaries  from  the 
south.  The  Manistee  is  a  most  striking  illustration  of  this  tendency, 
while  the  Bear  and  the  Betsie  (Aux  Bees  Scies),  near  by,  are  similar. 
But  so  fai*  as  the  curve  is  concerned,  hardly  anything  can  be  more 
striking  than  the  way  in  which  the  Tittabawassee  on  the  one  side  and 
the  Cass  on  the  other  curve  around  Saginaw  Bay  to  me  in  Saginaw 
River. 

The  simplest  and  most  natural  form  of  drainage  occurs  where  a 
smooth,  tilted  plain  is  lifted  above  water  level.  There  all  the  rain 
water  can  run  straight  to  the  lake,  or  allowing  for  minute  undula- 
tions, gather  into  small  streams  which  run  parallel  to  each  other 
down  the  slope.  This  simple  type  of  drainage  is  almost  perfectly  and 
typically  illustrated  along  the  east  side  of  the  Thumb  in  Huron  and 
Sanilac  counties,  and  it  may  be  seen  in  small  areas  elsewhere.  I 
have  noted  in  one  section  of  Elm  wood  Township  (T.  14  N.,  R.  10  E.) 
four  distinct  parallel  water  courses  traversing  diagonally  a  section  of 
land  a  mile  square. 

It  is  obvious  that  the  type  of  drainage  produced  by  first  opening  the 


] 


GEOLOGY  AND  TOPOGRAPHY. 


63 


higher  lands  to  drainage  is  jnst  the  reverse.  Henoe  it  is  subject  to 
rearrangement.  The  Lower  Peninsula  of  Michigan  might,  were  it 
closely  and  accurately  contoured,  become  a  classical  land  for  the  study 
of  the  phenomena  of  stream  capture.  One  can  see  it  taking  place 
even  now.  Ditches  are  found  of  which  one  end  drains  into  one  river 
valley,  and  the  other  end  into  another  river  valley  (e.  g.,  south  of  Bad 
Axe,  T.  16  N. ,  R.  12  E. ),  but  little  by  little  one  stream  will  come  to  drain 
the  ditch  more  than  the  other. 

Instances  of  reversed  drainage  are  therefore  not  uncommon.  One 
instance,  previously  cited  by  students,  is  that  the  lower  part  of  Dow* 
agiac  Creek  has  been  reversed  so  that  the  St.  Joseph  now  flows  up  it 
and  to  the  lake  that  way,  instead  of  south  to  Keokuk,  as  formerly. 
Another  clear  case  is  in 
Huron  County,  where  the 
upper  Willow  occupies  a 
valley  once  a  Glacial  outlet 
by  way  of  the  Cass  to  the 
south.  In  fact  Shebeon, 
Pinnebog,  and  Pigeon  riv- 
ers, especially  the  last,  are 
encroaching  on  the  Cass 
and  will  probably  deprive 
it  of  the  North  Fork  that 
comes  down  from  Huron 
County.  The  Pigeon,  using 
a  Glacial  channel  to  the 
Cass  that  it  has  reversed, 
has  already  effected  an  en- 
trance into  the  main  valley 
of  the  North  Fork  of  the 
Cass.  Man  is  assisting  in 
this  readjustment,  for  it  is 
obviously  to  his  interest  to 
reclaim  the  rich  lands  of  the  swamps  and  the  drained  lakes  along 
the  shortest  possible  Unes. 

The  streams  which  drained  the  ice  front  have  many  features  that 
make  them  an  easy  prey  to  pirate  streams.  In  the  first  place,  flowing 
along  the  higher  lands,  with  a  circuitous  tsourse,  they  have  easy  grades, 
which  weaken  their  power  of  erosion.  In  the  second  place,  the  ice 
streams,  of  which  they  are  now  deprived,  carved  valleys  much  too 
large  for  them  and  brought  down  much  debris — more  than  the  present 
streams  can  handle;  and  much  of  the  debris  was  so  coarse  that  there 
is  a  constant  tendency  for  the  water  to  percolate  through  the  sand  and 
gravel  and  do  no  erosive  work  whatever,  except  some  little  chemical 
erosion,  which  leaves  the  beds  even  more  permeable  than  before.  This 
is  quite  noticeable  in  the  North  Fork  of  the  Cass,  the  bed  of  which 


Fig.  7.— Diagram  illustrating  method  of  stream  capture. 
A,  dry  chamiel;  B,  deeper  encroaching  channel  with 
springs  on  its  sides. 
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shows  that  its  erosive  work  is  nearly  at  an  end,  for  vegetation  is  press- 
ing hard  upon  it.  Now,  as  the  vigorous  headwaters  of  the  pirate 
streams  push  into  the  plain  of  sand  and  gravel  of  such  an  old  valley 
they  naturally  lower  the  water  level,  and  the  water  of  the  valley  is 
drained  away  by  seepage  through  the  sand  and  gravel.  The  annexed 
figure  (fig.  7)  is  an  ideal  illustration  of  lateral  seepage  from  an  actual 
case;  fig.  8  is  also  instructive.  In  fig.  7  the  valleys  are  nearly  paral- 
lel. In  fig.  8  the  attacking  stream  is  working  in  at  right  angles  to  the 
ancient  valley  course.  In  many  parts  of  the  State  one  will  come  across 
valleys  where,  judging  from  the  vegetation,  there  is  now  rarely  any 
surface-water  erosion,  as  the  water  sinks  in  and  is  absorbed  by  the 
sands  and  gravels  (e.  g.,  sec.  34,  T.  24  N.,  R.  2  E.). 

In  some  parts  of  the  region  of  overwash  sand  and  gravel  kame 
plains  (e.  g.,  around  Harrison,  T.  19  N.,  R.  4  W.,  and  Grayling,  T. 
26  N.,  R.  4  W.)  one  may  have  to  sink  100  feet  or  more  in  surficial 
deposits  before  reaching  water,  and  may  then  reach  a  real  surface 
seepage  water,  while  even  the  deep  valleys  are  dry  most  of  the  year, 
so  perfect  is  the  subsurface  drainage. 

LAKES   OF   LOWER   MICHIGAN. 

The  lakes  of  Michigan  are  numerous.  Estimates  of  their  number 
vary  from  five  to  fifteen  thousand.  There  are  twenty-five  in  the 
township  of  Grattan  (T.  8  N.,  R.  9  W.)  alone.  They  are  of  great 
importance  as  direct  sources  of  water  supply,  as  reservoirs  which  tend 
to  steady  the  stream  flow,  and,  finally,  when  they  disappear,  as  fur- 
nishing the  black  muck  soil,  with  a  shell-marl  subsoil,  that  has 
proved  wonderfully  adapted  to  celery  and  other  culture.  The  accom- 
panying illustration,  PI.  Ill,  J?,  shows  a  field  of  onions  on  such  land. 
It  is  the  second  type  of  lake— the  shallow  lake  of  the  interlobate 
drainage — ^which  is  esx)ecially  likely  to  be  thus  filled.  The  remarks 
concerning  the  lakes  of  the  Kalamazoo  River  Basin,  page  24,  apply 
very  nearly  to  any  other  part  of  the  Lower  Peninsula  above  the  line 
of  the  old  lake  extensions,  colored  blue  on  PI.  II. 

The  following  description  has  been  taken  from  an  unprinted  paper, 
by  Prof.  C.  A.  Davis,  read  before  the  botanical  section,  Michigan 
Academy  of  Sciences,  giving  a  graphic  description  of  these  pools: 

"  The  lakes  of  the  State,  exclusive  of  the  Great  Lakes,  cover  an  area 
of  1,225  square,  miles,  or  more  than  784,000  acres,  or  about  ^hr  of  the 
total  area  of  the  State,  and  they  are  so  distributed  that  there  is  hardly 
a  botanist  in  Michigan  who  can  not  readily  reach  one  or  more  of  them. 

**The  small  lakes,  particularly  those  of  the  Lower  Peninsula,  are 
commonly  depressions  in  the  drift,  shallow  and  not  of  large  extent, 
frequently  partially  filled  in  around  the  margin  with  the  remains  of 
former  generations  of  plants,  so  that  many  of  the  typical  features  of 
lakes  of  hilly  or  mountainous  regions  are  partly  suppressed  or  entirely 
wanting.  These  lakes  belong  to  recent  geological  time,  and  this 
undoubtedly  accounts  for  some  of  their  peculiarities.     By  far  the 
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larger  number  of  them  exhibit  the  following  features.  A  small  sheet 
of  water,  roughly  elliptical  in  shape,  bordered  by  a  marshy  area  of 
varying  width,  or  on  two  or  more  sides  by  low,  abruptly  sloping,  sandy, 
or  gravelly  hills.  The  marshy  tract  is  frequently  wider  on  the  south 
than  on  the  north  side,  and  its  character  varies  from  a  quaking  bog  at 
the  inner  margin  through  a  sphagnous  zone  into  avswamp,  in  which 
the  prevailing  trees  may  be  tamarack,  cedar,  or  spruce.  The  plants 
of  the  sphagnum  zone  are  characteristically  those  of  the  boreal-life 
zone,  and  in  such  lake  margins  we  find  northern  plants  reaching  their 
southern  limits.  The  quaking  bog  is  usually  a  lakeward  extension  of 
the  shore  plants  and  is  a  closely  woven  turf  of  the  roots  and  root- 
stocks  of  various  species  of  CareXy  Cyperus^  grasses,  and  at  its  outer 
margin  consists  sometimes  of  Typha  latifolium  and  Sparganium  eury- 
carpum.  In  the  larger  lakes  the  marshy  border  may  not  extend 
entirely  around  the  margin,  but  it  is  usually  noticeable  along  the 
southern  shore,  where  it  may  be  of  considerable  extent,  while  the  rest 
of  the  shore  is  entirely  without  it." 

Most  of  the  lakes  of  Michigan  belong,  in  origin,  to  the  two  classes 
already  described,  i.  e.,  they  are  either  inclosed  between  moraine 
ridges  or  are  left  as  pools  in  the  kame  plains  of  sand  and  gravel. 
Lakes  of  these  two  classes  are  usually  more  than  750  feet  above  tide. 
In  general,  the  regions  of  numerous  lakes  are  the  regions  of  crowded 
moraine  belts,  and  they  may  be  approximately  traced  in  this  way. 
But  thei*e  are  two  or  three  other  classes  of  lakes  that  deserve  mention. 

First,  there  is  a  class  of  lakes  which  arise  from  the  erosion  of  lime- 
stone into  caves  that  finally  tumble  in  and  produce  sink  holes. 
Though  there  are  some  indications  of  sink  holes  in  the  Carboniferous 
limestones,  lakes  of  the  sink-hole  class  are,  so  far  as  known,  practi- 
cally confined  to  the  lower  Devonian  limestones  (Traverse  and  Dun- 
dee) and  occur  only  in  the  extreme  southeast  (Ottawa  Lake,  T.  8  S., 
R.  6  E.)  and  northeast  (e.  g.,  sec.  32,  T.  33  N.,  R.  6  E.)  of  the  State. 

Second,  there  is  a  class  of  lakes  which  may  be  in  part  in  rock  or 
moraine  basins,  but  which  owe  their  distinct  existence  to  the  fact  that 
the  Great  Lakes  now,  or  at  a  higher  stage  of  water,  have  built  sand 
bars  across  the  mouth  of  long  bays  and  have  thus  cut  them  off  from 
the  main  body  of  water.  Such  lakes  are  frequently  less  than  25  feet 
above  the  water  level.  A  good  illustration  is  the  lake  to  the  right  in 
the  view  of  Sleeping  Bear  Point  (PL  V),  or  Pine  Lake,  near  Charle- 
voix, which  is  now  reconnected  by  an  artificial  channel  with  Lake 
Michigan  (T.  34  N.,  R.  8  W.),  and  it  is  easy  to  see,  from  the  map  or 
from  PI.  IV,  that  Grand  Traverse  Bay  might  be  converted  into  such 
a  lake. 

Some  of  the  lakes  are  nothing  more  than  old  river  valleys  flooded 
by  the  tilting  of  the  earth's  crust  and  the  consequent  encroachment  of 
the  lake  on  the  land.  This  is  a  class  not  clearly  separate  from  the 
others.  Such  lakes  occur  by  the  score  along  the  west  coast  of  Michi- 
gan from  Kalamazoo  River  to  Frankfort,  and  seem  to  be  submerged 
IBB  30 5 
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river  valleys,^  but  the  bars  built  across  their  mouths,  are  as  in  the 
second  class. 

If,  as  Professor  Gilbert  has  said,  the  land  is  rising  to  the  northeast 
at  the  rate  of  5  inches  a  century  for  each  100  miles,  it  is  easy  to  see 
that  such  a  stream  as  Saginaw  River  will  also  tend  to  be  ponded  back; 
and,  in  fact,  so  far  as  current  is  concerned,  Saginaw  River  is  now  but 
a  long,  narrow  lake. 

When  the  ice  lobes  retired  so  that  the  heights  of  the  rock  surface 
lay  in  front  of  them,  crowned  by  a  heavy  moraine,  the  water  gathered 
in  front  of  them  in  great  lakes.  The  debris  brought  by  streams  in 
the  ice  was,  in  this  case,  laid  down  more  smoothly  and  stratified  with 
the  clay  that  accompanied  it.  Thus  the  topography  of  these  moraines 
laid  down  under  water  is  far  more  gentle  than  that  of  the  earlier 
ridges.  On  the  east  side  the  lake  in  front  of  the  Huron-Erie  lobe,  as 
shown  by  Gilbert  in  the  Ohio  reports,  drained  off  past  Fort  Wayne 
into  the  Maumee,  and  the  waters  of  this  lake  level  were  about  220  feet 
above  Lake  Erie  or  785  feet  above  tide  level.  Toward  the  north  the 
beach  lines  are  at  a  somewhat  higher  level,  the  change  to  water-laid 
topography  occurring  somewhere  about  800  feet  above  tide. 

In  the  center  of  the  State  a  lake  was  penned  up  in  the  Saginaw 
Valley,  as  recognized  by  Winchell  and  Mudge,  and  flowed  down  Grand 
River.  The  highest  water  of  this  lake,  as  seen  in  the  sandy  gravels 
around  Alma  and  Pompeii,  seems  to  have  been  about  760  feet  above 
tide,  so  that,  as  the  swamps  south  of  Ashley  are  about  85  feet  above 
Lakes  Michigan  and  Huron  (i.  e.,  667  above  tide),  the  water  would  have 
stood  about  100  feet  deep  in  the  channel,  unless  it  has  gradually 
scoured  it  down  to  present  level.  It  is  no  wonder,  then,  that  the  drift 
was  scoured  down  to  the  rock  at  Grand  Rapids  and  Ionia.  It  flowed 
into  the  lake  which  had  been  similarly  formed  in  the  lower  end  of 
Lake  Michigan  and  was  draining  over  into  the  Mississippi  by  the 
recently  reopened  Chicago  outlet.  This  lake  was  at  first  at  least  90 
to  100  feet  above  the  present  lake  level,  or  680  feet  above  tide,  and 
probably  more. 

As  the  ice  retired  the  lake  east  found  a  number  of  drainage  chan- 
nels across  the  Thumb  through  Sanilac  and  Huron  counties,  as  indi- 
cated in  PI.  II.*  Finally  free  communication  was  opened  around  the 
Thumb  in  Huron  County.  This  produced  a  slight  but  preceptible 
drop  in  the  water  level  of  the  eastern  lake,  but  thereafter  it  remained 
relatively  permanent,  and  is  marked  by  a  well-defined  gravel  line,  not 
perfectly  horizontal  but  rising  a  little  to  the  north.  This  may  be 
explained  by  the  removal  of  the  attraction  of  tUe  ice  mass  to  the 
north,  or  by  a  subsequent  tilting.  Around  Ypsilanti  (T.  3  S.,  R.  7E.) 
it  is  750  feet  above  tide,  while  in  Iosco  County  (sec.  30,  T.  22  N. ,  R.  6  E. ) 
it  is  about  775  feet  above  tide,  and  in  Huron  County,  north  of  Verona 
(T.  16  N.,  R.  13  E.),  it  is  about  774  feet  above  tide. 


1  See  article  by  Winchell  in  Harper's  Magazine,  VoL  XLHl,  Jaly,  1871,  pp.  284  and  285. 
*  See  also  article  by  F.  B.  Taylor,  Bnll.  Oeol.  Soc.  Am.,  VoL  VIII,  1896,  p.  81. 
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The  tall  from  this  level,  whether  due  to  the  opening  of  a  new  outlet 
in  New  York,  or,  as  is  possible,  to  freer  communication  into  Lake 
Michigan,  was  rather  sudden  for  the  first  50  to  75  feet,  for  we  find  that 
there  are  but  few,  and  these  local,  traces  of  sand  ridges  in  this  inter- 
val, that  the  soil  is  clayey,  and  that  the  general  course  of  the  streams 
is  directly  down  the  slopes  toward  the  lakes.  The  drop  of  the  next 
25  feet  was  comparatively  slow  and  marked  by  a  broad  sand  belt,  and 
at  a  slightly  lower  level  (650  feet  in  Huron  County)  was  another  marked 
halt.  Then  still  lower,  about  25  feet  above  present  lake  level  in  Huron 
County  and  about  17  feet  in  Iosco  County,  was  a  long  stay,  during 
which  many  bays  were  filled  in  or  bridged  by  sand  spits,  so  as  to  form 
lakes. 

The  history  of  the  western  side  of  the  peninsula  is  perhaps  not  so 
eventful  as  that  of  the  eastern  side,  given  above,  and  is  not  so  familiar 
to  me.  The  belt  of  lacustrine  deposits  belonging  to  the  Great  Lakes 
is  naturally  narrower,  being  only  from  60  to  125  feet  above  the  present 
lake  level,  but  there  were  many  large  lakes.  Kalamazoo  County,  for 
example,  has  been  divided  into  eight  "prairies,"  viz,  Prairie  Ronde, 
Ground  Neck,  Gtonesee,  Grand,  ToUands,  Gull,  Dry,  and  Climax. 
These  prairies,  with  their  black  loam  soil,  are  probably  old  lakes. 
(See  p.  64.)  The  marked  change  of  grade  in  Ealamazpo  River  near 
Kalamazoo,  brought  out  by  Mr.  Horton's  table  (p.  37),  is  probably 
due  to  the  river  crossing  such  an  old  lake  bottom,  where  the  grade  is 
barely  enough  to  keep  the  water  moving. 

Similarly,  Higgins  and  Houghton  lakes  seem  to  be  but  shrunken 
remnants  of  a  large  lake  drained  by  the  Muskegon,  which  covered  a 
large  part  of  Roscommon  County  when  the  ice  lay  on  both  sides  of  it. 

There  are  high  terraces  around  Traverse  City  and  in  similar  situa- 
tions, which  show  that  the  ice  front  once  dammed  up  a  lake  at  a  much 
higher  level  in  that  region,  a  lake  whose  water  level  was  as  high  and 
at  first  ^igher  than  that  on  the  east  side  of  the  peninsula,  and  which 
probably  drained  off  southwest.  The  study  of  this  lake  in  all  its 
stages  would  make  a  very  interesting  problem  for  the  glacialist.  The 
map  (PI.  II)  without  doubt  needs  much  correction  in  Leelanaw  County. 
It  is  obvious  that  th^  ice  projected  in  a  long  tongue  into  Lake  Mich- 
igan and  retired  very  slowly,  much  more  slowly  than  from  the  high- 
lands. From  the  retreating  cusp  sprang  large  rivers,  draining  into 
Lake  Michigan,  whose  channels  were  heavily  lined  with  coarse  sand, 
gravel,  and  bowlders — the  so-called  valley  trains.  From  Cadillac  to 
Elmira  the  line  of  the  Grand  Rapids  and  Indiana  Railway  is  mainly 
through  sand. 

WELLS  IN  THE  PLEISTOCENE. 

Before  taking  up  in  detail  the  application  of  the  facts  noted  above 
to  the  study  of  the  water  supply  of  the  various  districts  it  may  be  well 
to  call  attention  to  certain  general  statement/s: 

1.  Clayey  regions  do  not  yield  water  freely.     This  applies  first  to 
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lake  clays,  and  in  slightly  less  degree  to  bowlder  clays  or  till,  known 
among  drillers  as  ^^hardpan."  Regions  of  this  type  are  mainly 
included  in  the  sections  colored  blue  and  light  buff  on  the  map  (PI.  II). 

2.  Sandy  regions  will  at  some  depth  yield  a  supply  of  water.  But 
a  distinction  must  be  made  between  the  sandy  belts  of  the  lake- 
washed  region,  in  which  the  sand  and  gravel  are  a  very  dry,  superficial 
coating  to  the  clay  beneath,  liable  to  contamination  and  likely  to  fail 
altogether  in  dry  seasons  like  1895,  and  the  heavier  sand  and  gravel 
regions,  which  represent  drainage  from  the  ice  sheet,  such  as  the  great 
gravel  plains  of  the  Muskegon,  the  Manistee,  and  the  well-named  Au 
Sable.  In  such  plains  water  is  found  at  considerable,  often  at  great, 
depths,  but  the  supply  once  reached  is  abundant.  The  heavy  sand 
regions  are  mainly  colored  brown  and  crosshatched  on  the  map  (PI.  11). 

3.  The  alternate  advances  and  retreats,  whether  of  ice  or  of  lake, 
have  tended  to  produce  an  alternation  of  deposits  more  or  less  clayey. 


Via.  8.— Profile  near  Rose  City,  MichigftZL    a,  impervious  beds— clayey  till;  b,  pervious  beds- 
sand  and  gravel;  x,  springs.    Horizontal  scale,  1  mlle=l  inch;  vertical  scale,  400  teet=l  inch. 

It  is  easy  to  see  that  in  the  case  of  a  lake  such  deposits  will  dip  slightly 
from  the  lake  margin  toward  the  lower,  deeper  parts  of  the  lake  bot- 
tom. But  the  same  thing  is  true  also  of  ice.  The  ice  front  would 
retire  from  the  highlands,  leaving  an  apron  of  gravel  in  front,  and  then 
a  little  change  of  climate  would  produce  a  readvance,  in  which  it 
would  roll  up  the  apron  ahead  of  it  or  roll  over  it  and  deposit  a  gravel 
clay  (ground  moraine)  upon  it.  Or,  if  it  retired  so  far  as  to  leave  a 
lake  between  it  and  its  past  position,  it  might  push  the  lake  clays  on 
top  of  the  shore  gravels  of  this  lake.  That  is  in  many  cases  what  has 
occurred.  In  some  cases,  of  course,  the  pervious  bed  is  entirely 
destroyed;  but  oft«n  the  pervious  bed  remains  as  a  good  source  of 
water,  and  has  head  enough  to  produce  a  flow.  Close  to  the  lake- 
ward  side  of  prominent  moraines,  shown  upon  the  map  (PL  11),  flows 
from  the  drift  may  be  expected.  The  cross  section  near  Rose  City 
(fig.  8)  illustrates  this  principle.     In  the  midst  of  moraine  regions 
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there  is  confused  and  broken  toi)ography,  springs  are  common,  and 
there  are  often  small  groups  of  flowing  wells  in  the  low  grounds. 

4.  The  ice  was  very  likely  to  leave  some  gravel  in  all  sheltered,  i.  e., 
southern  sloping,  p&rts  of  the  rock  surface  or  the  valleys  therein.  If 
the  rock  itself  was  not  impervious  there  was  some  circulation  of  water 
along  it  which  leached  out  channels.  Thus  it  is  the  rule,  though  not 
without  exceptions,  that  just  above  the  rock  surface  there  is  a  water- 
bearing stratum. 

METHODS  OF  SINKING  WELLS. 

WhUe  the  wells  in  the  rock  have  been  almost  invariably  drilled,  there 
has  been  considerable  variety  in  the  method  of  putting  down  wells  in 
the  drift,  and  a  brief  recapitulation  may  be  suggestive. 

First,  of  course,  are  the  dug  wells.  Where  experience  has  shown 
that  many  bowlders  and  stones  are  likely  to  be  encountered,  digging 
will  probably  prove  the  most  economical  method.  Wells  are  dug  2  feet 
or  more  in  diameter,  and  are  variously  cased.  From  all  parts  of  the 
State  come  complaints  that  wooden  casing  soon  rots  and  makes  the 
water  foul,  and  is  almost  always  used  longer  than  it  ought  to  be. 

Another  form  of  casing  is  stoning,  where  stones  are  plenty.  The  dis- 
advantage of  stoning  is,  however,  that  it  does  not  keep  out  the  sur- 
face waters. 

Where  stone  is  scarce  brick  casing  is  often  used,  also  large  crocks, 
or  sewer  pipe  about  2  feet  in  diameter.  Properly  sealed  against  sur- 
face water,  these  make  excellent  casings,  though  fragile  and  likely  to 
be  cracked  by  uneven  settling  of  the  earth. 

A  plan  followed  in  some  extra  deep  drift  wells  and  worthy  of  wider 
adoption,  is  the  use  of  a  boiler  plate  shield  and  the  cementing  of- 
the  well  as  it  is  dug.  Mr.  E.  R.  Phillips  has  his  well  in  Bay  City 
cemented  down  to  its  bottom  and  a  bed  of  charcoal  and  clean  sand 
therein — ^an  excellent  plan  for  those  who  must  use  wells  in  unsatisfac- 
tory localities. 

The  disadvantage  of  combining  a  dug  basin  with  some  other  form 
of  well,  and  the  various  disadvantages  of  a  lack  of  thorough  casing 
are  described  on  page  72. 

Another  kind  of  well  is  the  driven  well.  This  is  a  great  favorite  in 
the  sandy  and  gravelly  districts  of  the  areas  covered  by  Glacial  drain- 
age deposits  (colored  brown  and  crosshatched  on  the  map,  PI.  II). 
In  the  heavy  clays  of  the  lake  clay  areas  (colored  blue  on  the  same 
map)  it  is  quite  common  to  use  an  earth  auger  and  bore  down,  and 
this  may  be  combined  with  driving  where  necessary. 

The  chief  difficulties  encountered  are  stones  too  large  to  be  pushed 
aside,  which  have  to  be  dynamited,  quicksand,  and  fine  sand,  like 
that  of  an  houi*glass,  which  runs  in  faster  than  it  can  be  pumped  out. 
In  going  through  strata  carrying  quicksand,  work  should  be  cpntin- 
ued  night  and  day  without  interruption.  I  do  not  know  that  artifi- 
cially freezing  or  cementing  the  quicksand  bed  has  ever  been  tried  in 
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the  State,  though  it  would  be  effective.  It  would  seem  that  especially 
in  case  of  quicksand,  a  mode  of  sinking  wells  illustrated  by  PI.  Ill, 
A^  might  prove  very  effective.  This  method  consists  of  forcing  down, 
in  a  smaller  pipe  within  the  casing,  a  current  of  water,  under  a  very 
strong  head  (sometimes  steam  is  also  used),  which  scours  out  the  soils 
and  lets  the  casing  drop  as  it  is  tapped.  There  is  thus  no  opportunity 
for  the  sand  beyond  the  reach  of  the  very  strong  current  to  pile  in. 
These  quicksand  beds  sometimes  contain  water,  but  the  well  becomes 
easily  clogged  if  its  point  is  near  quicksand. 

EASTERN  SHORE  DISTRICT. 

For  the  purpose  of  detailed  description  the  State  may  be  divided 
into  seven  sections.^ 

In  the  eastern  shore  district  is  included  nearly  all  the  country  which 
slopes  off  to  the  east  from  the  land  water-laid  moraines  along  the  east- 
ern part  of  Huron  County  down  to  Monroe.  The  surface  soil  is  pre- 
dominantly clay.  This  is  varied  by  strips  of  sand  along  the  streams, 
composed  of  successive  deltas  and  old  shore  lines  more  or  less  parallel 
to  the  lake,'  along  which  the  ridge  roads  often  run.  On  the  clay  no 
surface  wells  can  be  obtained  and  deep  wells  prevail.  On  the  sand 
ridges  shallow  surface  wells  can  be  obtained,  but  are  likely  to  fail  in 
dry  times  and  are,  besides,  at  all  times  liable  to  pollution.  In  boring 
down  an  impervious  lake  clay  or  a  gravelly  clay,  generally  known  as 
hardpan,  is  found.  Interlaminated  streaks  of  gravel  are  few  and  not 
uniform,  except  that  generally  just  above  bed  rock  there  is  a  porous 
water-bearing  seam.  In  the  extreme  south  of  this  district  through 
Monroe  County,  from  Ottawa  Lake  to  Sibleys  (an  area  colored  red 
on  the  map,  PI.  YI),  limestone  outcrops  are  found,  and  the  drift  is 
accordingly  shallow,  but  in  passing  to  the  northwest  there  is  very  soon 
encountered  about  80  feet  or  so  of  the  blue  and  graveUy  clay.  Where 
this  clay  overlies  the  limestone  sulphureted  hydrogen,  which  may  also 
spring  from  the  decomposition  of  the  sulphide  of  iron  in  the  drift,  is 
generally  accumulated,  and  the  deeper  wells — the  so-called  sulphur 
springs — ^are  heavily  charged  with  it.  Where  black  shale  underlies — 
and  there  is  black  shale  both  above  and  below  the  Berea  grit — ^burn- 
ing gas  is  very  likely  to  accumulate,  and  often  excites  surprising 
hopes.  Most  of  the  deeper  wells  in  Wayne  are  charged  with  one  or 
the  other  of  these  two  gases,  but  no  large  permanent  supply  can 
be  expected  from  them,  though  in  many  cases  they  might  for  a  time 
furnish  a  house  or  two  with  a  convenient  fuel.  Flows  of  water  from 
gravel  beds  are  not  uncommon  throughout  this  region,  and  the  number 
and  strength  of  flows  increase  from  the  shore  back  toward  the  moraine. 

>  After  making  these  sections  I  noted  that  there  was  a  striking  parallelism  between  the  regions 
into  which  I  had  divided  the  State  and  those  into  which  Professor  Wheeler  had  divided  it  for 
stndy  of  floral  distribution. 

s  In  Huron  County  the  markedly  sandy  strips  are  20  to  25, 68, 98  to  118,  and  163  to  193  feet  above 
the  lake. 
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There,  too,  the  section  of  thedrift  becomes  less  monotonous,  and  there 
are  more  interlaminated  gravels.  At  about  750  feet  above  tide,  on 
the  border  of  the  moraine,  on  a  line  along  through  Britton,  York, 
Milan,  Ypsilanti,  Northville,  Birmingham,  and  Rochester  to  North 
Street,  back  of  Port  Huron,  one  may  be  reasonably  sure  of  striking 
water  which  will  rise  nearly  if  not  quite  to  the  surface  of  the  ground 
and  frequently  overflow.  The  water  of  these  wells — e.  g.,  that  of  the 
Ypsilanti  waterworks — ^is  of  excellent  quality.  Farther  down  the 
slope  the  drift  beds  are  less  porous  and  the  water,  if  obtained,  is 
likely  to  be  too  highly  charged  with  gas  and  mineral  for  comfort. 

Through  this  district,  therefore,  the  sources  of  water  supply  may 
be  summarized  as  follows: 

(1)  Lakes.  Only  the  Great  Lakes  are  of  practical  importance  and 
are  the  only  satisfactory  supply  for  large  towns. 

(2)  Surface  wells.  The  wells  are  generally  very  shallow  and  exhaust- 
ible. Wells  from  gravel  or  sand  **x)ockets"  in  the  clay  are  very 
uncertain,  but  are  likely  to  flow  for  a  time.  The  Pagoda  spring  of 
Mount  Clemens  appears  to  belong  to  this  class,  but  yields  more 
freely  than  is  usually  the  case.  Toward  the  upper  margin  of  the 
district  the  supply  is  more  abundant. 

(3)  WeUs  from  base  of  drift.  These  are  almost  always  present;  the 
supply  is  ample  and  the  flow  probable.  They  are  free  from  contami- 
nation, and  are  somewhat  highly  mineralized,  but  probably  not  to  a 
degree  to  render  them  useless. 

SAGINAW   VALLEY  DISTRICT. 

In  this  district  is  included  the  drainage  of  Saginaw  River  and  part 
of  the  surface  drainage— about  to  the  750-foot  line  and  including  the 
part  once  covered  by  Lake  Saginaw.  The  rock  surface  is  exceed- 
ingly variable.  The  old  coal  measure  plateau  was  cut  up  by  gorges 
100  to  over  200  feet  deep,  which  are  more  extensive  than  can  be 
shown  on  the  map  (PI.  VI).  But  the  present  surface  is  flat  and  is 
varied  only  by  the  valleys  which  the  larger  streams  have  cut  from  10 
to  30  feet  below  the  plain.  First  with  moraine  till,  and  then  with 
the  lake  clays,  the  rough  rock  surface  has  been  plastered  nearly 
smooth.  Thus  the  depth  of  surface  dex>osits  is  not  uniform,  varying 
from  even  0  to  500  feet,  but  being  generally  about  80  to  100  feet. 
Finally,  sand  ridges  frequently  occur  about  25  feet  above  the  lake, 
then  again,  as  near  Hemlock  City,  about  70  feet  above  the  lake  (655 
above  tide),  and  again  about  160  feet  above  the  lake  (742  to  766  feet 
above  tide),  as  at  Alma,  ithaca,  Gagetown,  and  Cass  City. 

These  sand  ridges  yield  surface  water,  easily  exhausted  and  liable 
to  contamination.  On  the  clay  lands  between  them  the  farmers  have 
to  go  deeper  for  water,  and  rarely  fail  to  find  it.  In  most  places  there 
are  beds  of  quicksand,  which  yield  water  under  the  clay  and  very 
often  gravel.     Waters  from  these  horizons  always  rise  well,  and  in 
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many  places  flow,  especially  near  the  700-foot  contour.  The  quick- 
sand -wells,  however,  easily  clog  up  and  are  short  lived.  The  quality 
of  the  water  is  not  so  unexceptionable  as  the  quantity.  It  is  generally 
hard  and  not  infrequently  somewhat  mineralized.  But  throughout 
all  this  region  as  good  water,  with  as  good  or  better  head,  can  usually 
he  obtained  from  underlying  sandstones. 

To  the  southeast  in  this  district  the  drift  coating  is  very  thin,  from 
0  to  40  feet,  and  outcrops  in  the  streams  occur;  but  toward  the  west 
the   coating  becomes  thicker.      Thus,  at  St.    Johns  it  is  141  feet 
deep;  at  Midland,  198  to  300  feet;  at  Mount  Pleasant,  250  to  3dO;  at 
Coleman,  300;  and  the  greatest  known  depth  of  drift  in  this  dis- 
trict lies  at  Alma,  495  feet.     To  the  northwest  in  this  region  it  will 
be  exceptional  cases  and  exploration  for  other  things  than  water 
which  will  lead  wells  to  rock.     Especially  is  this  true  since  ample 
supplies   of    flowing    water  can 
generally  be  obtained  from  the 
quicksands,  which  are  very  dif- 
ficult to  drill  through.     It  will  be 
noted,  moreover,  that  this  part 
of  the  region  lies  in  a  southwest 
direction  from  the  gypsum  quar- 
ries of  Alabaster.     This  is  the  di- 
rection of  Glacial  motion.    Ileuce 
it  is  not  surprising  to  find  gypsum 
disseminated  through  the  drift. 
Prof.  C.  A.  Davis  has  called  at- 
»    n    n.         <„  ^   u      _..    ..     -  ,    .    tention  to  a  bowlder  of  gypsum 
caeinst-  as  large  as  two  fists,  which  he  dis- 

covered near  Alma.  This  is  cer- 
tainly exceptional,  and  is  of  interest'as  showing  the  recent  date  of  ice 
movement.  A  certain  amount  of  gypsum  is  disseminated  through  the 
drift  in  this  region  and  gets  into  the  water.  This  is  most  marked  at 
Mount  Pleasant  and  in  the  region  immediately  around,  as  at  Leaton. 
Here  the  wells  in  the  drift,  whether  deep  or  shallow,  are,  without 
exception,  permanently  hai'd  and  highly  impregnated  with  sulphate  of 
lime.  These  mineral  waters,  though  free  from  bacterial  contamina- 
tion and  not  likely  to  produce  typhoid  and  diphtheria,  are  said  to  be 
injurious  to  the  bowels  and  bladder  of  certain  constitutions,  while 
tbey  might  be  what  others  need.  Persons  in  this  region  who  tend  to 
a  uric  acid  diathesis  might  find  filtered  rain  water  better  than  patent 
medicines.  A  trace  of  common  salt,  or  lithium  carbonate  or  sodic 
sulphate,  might  be  added  to  remove  the  flat  taste  of  the  water. 

This  district  is  much  like  the  first  except  that  gas  is  not  common  in 
the  wells.  The  wells  in  surface  sands  are  usually  shallow  and  easily 
exhausted  in  dry  times.  Deeper  wells  in  quicksand  or  gravel  in  or 
under  the  clay  can  generally  be  obtained,  but  the  water  is  often  very 
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hard.  The  thickness  of  drift — i.  e.,  depth  to  bed  rock — ^is  quite 
irregular,  but  is  much  greater  to  the  northwest. 

One  practice  common  in  this  district  but  not  confined  to  it,  which 
can  not  be  too  strongly  deprecated,  is  drilling  from  a  basin  or  dug 
well  and  letting  the  water  resulting  flow  directly  into  the  basin,  the 
upper  basin  remaining  as  pervious  as  ever.  The  way  in  which  this 
practice  arises  is  simple  and  natural.  A  farmer  begins  by  a  dug  well, 
perhaps  16  feet  down  in  the  surface  sands,  as  in  fig.  9.  In  a  dry  sea- 
son like  that  of  1895  his  well  goes  dry.  He  borrows  an  augur  and 
bores  down  through  sand  and  then  through  the  clay,  say  20  feet 
more,  and  strikes  another  porous  bed  full  of  water  under  a  good  head, 
which  rises  and  fills  his  well  up  far  enough,  and  he  stops  satisfied. 
But  in  the  first  place  the  impervious  clays  through  which  he  has  bored 
wUl  probably  creep  in  and  fill  the  hole,  and  in  a  few  years  the  work 
will  have  to  be  repeated.  In  the  second  place,  suppose  that  the  well 
is  cased  from  the  bottom,  or  that  the  flow  from  the  lower  pervious  beds 
is  so  strong  as  to  keep  the  hole  open;  in  dry  times  the  water  from  the 
lower  bed  will  stUl  work  out  sidewise  through  the  stone  curbing  into 
the  upper  beds  that  have  gone  dry.  Thus  the  head  of  the  lower  beds 
will  be  wasted,  and  some  neighbor  who  has  had  a  flowing  well  from 
that  bed  may  suddenly  find  his  flow  stopped,  while  he  himself  will 
have  to  exert  himself  more  than  should  be  necessary  in  operating  the 
pump.  Again,  if  there  is  a  strong  flow  upward  from  the  lower  beds, 
sand  may  be  carried  up  in  sufficient  quantities  to  fill  the  upper  well 
and  leave  a  cavity  around  the  bottom  of  the  hole  through  the  impervi- 
ous beds,  into  which  they  will  finally  fall  and  seal  the  well,  even 
though  the  beds  themselves  are  cased.  Finally,  there  is  nothing  to 
prevent  a  rainy  season  from  reversing  the  process — raising  the  water 
level  in  the  upx>er  beds,  changing  the  current,  and  contaminating  the 
supply  with  rain  water  and  surface  drainage,  so  that  the  certainty  of 
purity,  which  might  easily  be  obtained,  is  lost. 

If,  however,  as  shown  by  the  dotted  lines,  the  hole  is  cased  and  the 
casing  continued  to  the  surface,  the  head  of  the  lower  bed  will  be 
preserved,  risk  of  contamination  removed,  and  the  life  of  the  well 
lengthened. 

NORTHEASTERN  SHORE  DISTRICT. 

This  district  is  occupied  mainly  by  the  drainage  valley  of  Thunder 
Bay  River,  with  the  lower  reaches  of  the  streams  which  drain  into 
Huron  Bay  between  it  and  the  Tittabawassee,  and  the  streams,  mostly 
small  and  insignificant,  which  lie  to  the  north  of  Thunder  Bay  River. 

To  the  southwest  of  this  district  lies  the  high  interior  moraine 
which  surrounds  the  Muskegon,  marks  most  sharply  the  outline  of 
the  Michigan-Saginaw  cusp,  and  probably  includes  the  highest  points 
of  the  peninsula  (e.  g.,  1,465  feet,  at  Jim  Cook's  knob,  on  the  north 
line  of  sec.  34,  T.  24  N.,  R.  2  E.,  and,  it  is  said,  1,682  feet  near  Otsego). 
Near  West  Branch  the  district  approaches  nearest  the  waters  of  the 
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lake,  and  there  and  at  Wolverine  the  descent,  from  over  1,200  feet  to 
less  than  700  feet,  is  very  abrupt,  especially  in  the  stream  valleys. 
This  region  is  but  newly  settled  and  is  still  in  large  part  wilderness. 

The  general  character  of  the  district  is  somewhat  as  follows :  Around 
the  nucleus  (the  central  district)  of  sand  plains,  about  1 ,180  feet  above 
tide,  except  as  cut  by  river  valleys,  runs  a  moraine,  which  is  mainly  or 
at  times  entirely  covered  with  sand  and  frequently  rises  over  1,400  feet 
above  tide.  (See  fig.  8.)  There  is  also  another  sand  plain,  about  as 
high  as  the  inner  sand  plain  but  narrower,  and  then  a  moraine,  only 
about  1,200  feet  above  tide,  which  is  clayey  and  clothed  with  hard 
wood,  especially  on  its  northerly  or  easterly  side.  Then  the  moraine 
is  deeply  gullied,  and  there  is  a  rapid  drop  to  about  960  feet  above 
tide,  where  there  are  again  extensive  sand  plains.  Inclosing  these  is 
another  broken  clayey  morainal  belt  frequently  1,000  feet  above  tide, 
and  then  another  drop  brings  us  to  about  800  feet  above  tide.  Below 
this  the  moraines  are  less  marked,  and  gravel  ridged,  produced  as 
shore  beaches,  replace  the  extensive  overwash  sand  plains  of  the 
higher  regions,  studded  with  jack  pine.  The  soil  becomes  clay  with 
streaks  of  sand,  rather  than  sand  interrupted  by  lines  of  clay  hills. 
In  other  words,  there  is  a  series  of  encircling  moraines  as  shown  on 
PI.  II,  and  between  each  moraine  and  the  one  next  within  the  valley 
the  space  has  been  filled  with  sand,  shown  in  brown  and  crosshatched, 
nearly  to  the  level  of  the  outer  moraine,  and  often  covering  it  heavily. 
In  the  sandy  regions  water  may  be  obtained  from  surface  sand,  though 
it  may  be  quite  deep.  Whenever  streams  like  the  Au  Sable  or  An 
Ores  have  cut  down  through  the  sands  to  underlying  clays  springs 
occur,  and  they  are  abundant  in  this  region. 

The  drift  through  all  this  region  is  probably  deep,  and  the  clay 
moraines  probably  mark  epochs  of  readvance  of  the  ice,  when  it  was 
likely  to  override  the  sand  deposit-s  formed  in  front  of  it  in  its  retreat. 
In  the  few  deep  wells  already  sunk  deposits  of  sand  and  gravel  are 
found  under  the  clay  and  till.  Wells  sunk  into  them,  especially  near 
the  moraine  belts  on  the  north  and  east  sides,  may  be  expected  to 
find  plenty  of  water  with  considerable  head.  Fig.  8,  from  conditions 
at  Rose  City,  will  show  how  favorable  are  the  conditions  for  artesian 
wells.  There  are  high,  sandy  gathering  grounds  on  the  side  south  or 
west  of  the  moraine,  and  higher  semi-impervious  ground  with  higher 
water  level  between  the  gathering  ground  and  the  discharge.^  Flow- 
ing wells  may  be  expected,  therefore,  all  along  from  West  Branch  past 
Rose  City  to  Indian  River. 

On  the  moraine  belts  the  same  sheets  of  water-bearing  gravel  may 
be  struck,  but  the  height  to  which  the  water  will  rise  in  the  well 
depends  on  the  altitude. 

On  the  sand  plains  to  the  southwest  of  a  moraine  belt  it  will  be 
necessary,  except  in  low  spots,  to  go  deep  for  even  surface  water.   There 

^  Requisite  and  qualifying  conditions  of  artesian  wells,  by  T.  C.  Chamberlin:  Fifth  Ann.  Bept. 
U.  S.  Qeol.  Survey,  1S86,  pp.  131  to  172. 
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are  a  great  many  fine,  undeveloped  water  powers  in  this  region,  and 
lakes  are  quite  numerous.  The  quality  of  the  water  is  generally 
excellent.  It  is,  of  course,  hard,  and  it  has  been  stated  that  80  per 
cent  of  horse  diseases  are  due  to  hard  water.  The  water  is  not  suited 
to  boiler  use.  But  the  hard  water  of  this  region  probably  differs 
from  that  of  Saginaw  Valley  and  around  Mount  Pleasant,  in  that  its 
hardness  is  largely  temporary,  as  letting  the  water  stand  removes 
some,  and  boiling  or  breaking  with  quicklime  all,  of  the  hardness, 
which  consists  of  lime  and  iron. 

On  the  other  side  of  Thunder  Bay  River  a  smooth  moraine,  which 
covers  an  underlying  limestone  ridge,  gently  rises.  The  coating  of 
drift  is  shallow,  the  underlying  limestones  are  pervious,  and  it  is  often 
necessary  to  go  down  into  rock  to  obtain  a  permanent  water  supply. 

Throughout  this  district  there  are  many  ponds.  In  some  the  water 
is  said  to  be  quite  soft.  The  ponds  are  either  clay  moraine  tarns, 
crooked  lakes  left  in  abandoned  channels  of  the  old  ice  drainage,  or 
sometimes  sink  holes  and  valleys  in  the  limestone.  At  present  their 
main  worth  is  to  the  hunter,  the  fisherman,  and  the  lumberman,  but  the 
time  may  come  when  they  will  be  useful  as  reservoirs  for  mill  streams 
or  as  town  water  supplies.  In  most  of  this  district  good  water  supplies 
can  also  be  obtained  from  the  rock,  though  at  considerable  depths. 

WESTERN  SHORE  DISTRICT. 

There  is  much  greater  difficulty  in  defining,  by  natural  characteris- 
tics, this  district  than  some  of  the  previous  ones.  There  is  a  series  of 
moraines  which  come  diagonally  down  toward  Lake  Michigan  (see 
PL  V),  becoming  gradually  lower,  more  extended,  and  more  undu- 
lating in  contour.  The  moraines  are  heavily  swathed  in  gravels,  sands, 
and  clays  of  the  valley  trains  which  lie  between  them.  At  the  extreme 
north  of  this  district,  from  Bay  View  and  Petoskey  southwest,  there  is 
a  rock  ridge,  and  there  is  probably  also  a  rock  ridge  from  Grand 
Rapids  northwest  into  Oceana  County,  where  the  drift  covering  is 
comparatively  thin.  Between  these  ridges  the  drift  is  very  thick,  so 
that  only  the  deep  salt  or  mineral  wells  strike  rock,  which  is  encoun- 
tered 500  or  600  feet  down.  Probably  the  relief  of  the  rook  surface  is 
considerable.  This  thick  layer  of  drift  is  generally  varied  in  section, 
as  the  wells  at  Big  Rapids,  Traverse  City,  etc.,  show,  and  various 
sands  and  gravels  yield  water;  and  on  lower  grounds,  as  at  Traverse 
City,  at  the  Nochemo  springs  (really  wells),  near  Reed  City,  around 
Empire  and  White  Cloud,  and  at  Mecosta,  fiows  are  likely  to  occur.  The 
level  of  the  flows  at  these  places  is  below  that  in  the  adjacent  country, 
but  on  the  higher  grounds,  as  about  Walton,  especially  on  the  great 
sand  and  gravel  plains  which  are  so  pronounced  a  feature,  it  is  often 
necessary  to  go  100  feet  or  more  to  reach  water.  Usually,  however, 
water  can  be  reached  by  a  drive  well,  and  of  course  water  at  such  depths 
is  steadier  in  supply  and  freer  from  some  forms  of  contamination. 
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The  deeper  a  surface-water  well  is  the  farther  it  should  be  away  from 
any  privy. 

At  the  extreme  north,  north  of  Harbor  Springs,  there  is  a  singular 
district,  which  seems  to  have  an  exceedingly  heavy  coating  of  drift 
and  overwash  gravel  and  which  is  so  ix>rous  that  wells  must  be  sunk 
300  or  400  feet  to  water. 

Toward  the  south  in  this  district  there  is  a  region  of  shallower  wells 
and  drift,  but  the  varied  character  of  the  drift  continues.  Occasion- 
ally a  section  will  be  found  which  shows  no  pervious  bed;  this  may 
be  expected  mainly  along  the  moraines,  indicated  in  PL  II.  Usually, 
however,  even  in  the  belts  marked  as  moraine  ridges,  sufficient  minor 
alternations  in  the  drift  exist. 

The  relatively  greater  thickness  of  drift,  and  the  ample  supply  of 
water  which  may  be  obtained  from  the  Glacial  drainage  gravel  deposits, 
account  for  the  relative  scarcity  of  strongly  mineralized  waters  in  the 
area  of  the  coal  measures  and  Michigan  series  compared  with  those 
in  Saginaw  Valley. 

NORTH  CENTRAL  DISTRICT. 

This  district  includes  the  upper  valleys  of  Manistee,  Muskegon, 
and  Au  Sable  rivers,  and  is  bounded  by  the  northeast  district  and  the 
west  district,  previously  described,  or,  in  a  general  way,  by  the  second 
of  the  series  of  ascending  moraines,  which  passes  through  Lewiston. 
On  the  south  it  may  conveniently  be  brought  down  to  the  second  cor- 
rection line  of  the  Land  Office,  or  about  to  the  Ann  Arbor  Railroad. 
As  thus  defined,  the  district  is  characteristically  sandy.  The  depth 
of  drift  is  probably  often  very  great,  how  great  is  not  known,  as  no 
wells  have  reached  rock. 

Wells  are  generally  driven,  not  drilled,  and  water  may  be  from  17 
to  60,  80,  or  even  180  feet  through  the  sand,  depending  on  the  alti- 
tude. The  first  encircling  moraine  appears  to  be  as  sandy  as  the  inter- 
vening plains,  though  the  sand  may  mask  clay.  On  the  lower  parts 
of  the  plains,  as  at  Roscommon,  there  is  but  12  to  14  feet  of  sand  above 
clay,  and  below  this  clay  are  sheets  of  water  which  flow,  or  at  least 
have  good  heads.  The  water  is  said  to  be  comparatively  soft,  but  it 
is  by  no  means  equal  to  rain  water. 

SAGINAV\^  MORAINE  DISTRICT. 

This  central  part  of  the  State  lies  higher  than  the  old  lake  bottoms 
of  Saginaw  Valley  and  the  eastern  shore,  and  is  more  varied  in  its 
topography.  It  is  generally  undulating,  with  20  to  30  foot  rolls,  and 
occasionally  rises  to  hills  100  to  200  feet  high.  While,  as  a  whole,  it 
lies  on  a  rock  ridge — ^largely  the  Marshall  sandstones — the  rock  surface 
does  not  at  all  conform  to  the  minor  undulations  of  the  present  sur- 
face. Consequently  the  depth  of  the  drift  varies,  occasionally  exceed- 
ing 200  feet  but  being  more  usually  30  to  60  feet.  Over  these  areapS 
there  is  a  great  variety  in  the  drift  deposits. 
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While  in  the  eastern  shore  district  the  drift  is  almost  uniformly 
clay  or  bowlder  clay,  here  there  are  alternations  of  sand  and  gravel 
with  till  (hardpan),  sometimes  many  of  them,  indicating  retreats  and 
readvances  of  the  ice.  The  axis  of  the  Thumb  lies  in  this  district, 
and  it  is  traversed  by  many  Glacial  drainage  channels  with  heavy 
valley  trains,  which  yield  abundant  surface  water. 

Consequently,  much  less  can  be  said  about  this  district  as  a  whole 
than  about  some  others.  Usually  water  is  found  above  the  rock,  but  as 
the  rock  waters  are  good  and  ample  there  are  also  numerous  deep  rock 
wells.  Frequently  the  streams  have  cut  down  through  the  overlying 
sand  or  gravel  to  clay  beneath,  and  in  these  cases  springs  are  certain 
to  appear.  Occasionally  erosion  has  reached  bed  rock.  Not  infre- 
quently on  the  lower  lands  flowing  wells,  as  well  as  springs,  may  be 
obtained,  and  they  are  found  scattered  all  over  the  area;  but  on  the 
higher  lands  and  moraine  ridges  it  is  necessary  to  bore  deep  for  water. 
Along  the  margin  of  this  district,  however,  there  is  a  sudden  drop  of 
the  country,  and  along  this  belt  wells  are  very  likely  to  occur  with 
flow  ample  enough  in  many  cases,  as  at  Rochester,  for  town  supply. 
The  quality  of  the  water  is  almost  invariably  good — ^hard  but  not 
otherwise  strongly  mineralized. 

SOUTH  CENTRAL  DISTRICT. 

The  conditions  here  are  practically  as  in  the  Saginaw  moraine  dis- 
trict. The  coating  of  drift  over  the  sandstones  in  the  valleys  is  usu- 
ally thin,  while  beneath  the  hills  it  is  100  feet  or  more  thick.  Between 
the  hills  are  usually  swamps  and  Glacial  drainage  deposits  or  valley 
trains.  In  some  places  in  Hillsdale  County  the  drift  is  found  to  fill 
and  obliterate  pre-Glacial  channels.  One  of  these  lies  about  5  miles 
northwest  of  Jonesville;  and  another,  which  traverses  the  county 
from  east  to  west,  passing  near  Osseo,  has  been  described  by  Mr. 
H.  P.  Parmelee  in  a  paper  read  before  the  American  Association  for 
the  Advancement  of  Science,  but  not  published. 

DBllPBB  WBIXS  A]NT>  PAIiEOZOIC  8TKATIGRAPHY. 

Below  the  mantle  of  sands,  gravels,  clays,  and  till  which  we  have 
considered  in  the  last  section,  the  drill  encounters  the  consolidated 
rocks  of  the  Paleozoic  series.  Among  the  rocks  the  drillers  readily 
distinguish  the  black,  white,  blue,  red,  and  sandy  shales,  the  white 
or  brown  sandstones,  and  the  harder  limestones.  Soap  rock  or  soap- 
stone  is  usually  very  clayey,  and  is  often  a  calcareous  shale.  Between 
limestone  and  dolomite  no  distinction  is  made,  although  the  latter  is 
sometimes  mistaken  for  sandstone.  The  last  two,  especially  when 
full  of  chert  nodules,  "flint"  layers,  etc.,  are  usually  much  more  dif- 
ficult to  drill  than  sandstones  and  shales.  Sometimes  a  ball  of  pyrite 
or  a  nodule  of  sideritic  iron  ore  will  resist  the  drill  as  effectually  as 
fiint,  and  may  pass  for  such.     The  variation  in  hardness  naturally 
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makes  a  great  difference  in  the  cost  of  drilling.  While  for  2-inch 
holes  in  the  softer  strata  (the  coal  measures  or  Coldwater  shales)  50 
cents  a  foot  has  been  a  standard  rate  and  will  yield  good  wages  if  there 
is  no  special  difficulty  encountered,  some  specially  hard  layer  of  a  foot 
may  take  more  time  than  all  the  rest  of  the  well ;  and  in  general  through 
the  State  wells  have  cost  about  tl  a  foot.  Usually  half  the  time 
at  least  in  drilling  a  well  is  consumed  in  overcoming  exceptional  diffi- 
culties and  in  making  repairs. 

In  mere  churn  drillings  coal  is  difficult  to  distinguish  from  black 
shale,  at  least  to  determine  its  exact  thickness;  though  an  expert,  by 
turning  the  drill  90  degrees  each  time  and  thus  getting  larger  pieces, 
and  by  noting  especially  the  peculiar  crunch  under  the  drill,  which  may 
be  felt  if  the  hand  is  on  the  rope,  may  ascertain  approximately  the 
nature  and  thickness  of  a  deposit.  Gypsum  or  plaster  is  another  sub- 
stance which  is  often  not  recognized,  and  which  it  is  highly  important 
to  avoid  if  good  drinking  water  is  desired. 

Usually,  just  before  striking  through  shale  into  a  strong  stream  of 
water  with  a  good  head,  a  certain  springiness  of  the  chum  drill  is 
noticed  by  the  driller,  which  warns  him  that  some  new  development 
may  soon  be  expected,  and  it  is  common  to  find  a  red  layer  or  a  hard 
cap  (specially  charged  with  pyrite)  or  crust  just  before  piercing  a 
stratum  containing  salt  wat;er.  Is  not  the  sulphur  of  the  ferrous  sul- 
phide of  the  hard  cap,  or  the  ferric  oxide  of  the  red  shales  derived 
from  the  sulphates  of  the  brine  ? 

A  description  of  the  rock  series,  not  primarily  from  the  view  of  the 
paleontologist  or  general  geologist  but  from  that  of  the  seeker  after 
water — fresh,  medicinal,  or  salt — ^follows. 

CARBONIFEROUS  FORMATION. 
JACKSON  COAL  MEASURES  TO  MARSHALL  SANDSTONE. 

The  central  part  of  the  State,  as  shown  by  the  map,  PI.  VI,  and  by 
the  cross  section,  fig.  10,  is  occupied  by  a  series  of  rocks  belonging  to 
the  Carboniferous  formation,  in  some  respects  not  unlike  the  coal 
measures  of  Ohio  and  Indiana,  with  some  beds  that  can  be  closely 
paralleled  with  those  coal  measures  and  yet  with  such  marked  points 
of  difference  as  to  render  it  probable  that  for  most  of  the  time,  at 
any  rate,  there  was  little  or  no  continuous  connection  with  any  other 
State,  but  that  the  rocks  were  laid  down  in  an  inland  sea,  between 
Canadian  highlands  on  the  north  and  flat  reaches  of  the  emerging 
continent  on  the  south.  At  the  base  of  the  series  is  a  heav^''  white 
sandstone — ^the  Napoleon  or  Upper  Marshall — ^which  is  very  massive 
and  thick  to  the  east  and  southeast,  as  shown  in  fig.  12,  but  becomes 
somewhat  thinner  toward  the  north,  although  it  is  rarely  less  than  50 
feet  of  well-defined  water-bearing  sandstone.  It  lies  directly  under 
the  drift,  as  the  map  shows,  through  most  of  the  broad  belt  of  higher 
land  that  extends  from  the  Thumb  down  to  Hillsdale  County.     It  is  a 
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prolific  water  bearer,  yielding  mimerooB  flowing  wells  at  a  moderate 
depth  (250  feet)  throughont  the  west  part  of  Hnron  County  to  Sebewa- 
ing.  Under  Tnsools  county  it  eontinnes,  aa  at  Fairgrove,  though  at 
Seeee  it  is  getting  a  little  too  salt,  and  so  along  past  Flint,  Vassar,  and 
Birch  Run,  to  Ck>rnnna,  Lanaing,  and  Mason.  Along  this  line  and  south 
there  is  usually  good  water  in  this  formation.  There  ia  frequently  above 
this  formation  intensely  saltorbitterwaters,  pierced  on  the  way  going 
down,  which  must  be  cased  ont.  It  seems  that  to  the  northwest  an  arm 
of  the  sea  was  oat  off  from  the  ocean,  where  evaporation  exceeded  pre- 
cipitation, depositing  the  gypsum  beds  which  extend  from  Alabaster 
and  Soale,  in  Huron  County,  to  Grand  Rapids,  and  saturating  the  rooks 
with  a  very  salt  brine.  This  formation  has  no  parallel  in  adjacent 
States,  and  hence  is  known  as  the  Michigan  series.     It  consists  of  light- 
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colored  blue  or  gray  shales,  hydraulic  limestones,  and  gypsnm  beds 
Its  extent  to  the  southeast  seems  to  be  somewhat  irregular,  as  it  lies  in 
bays  and  synclinals  in  the  Marshall  sandstone.  It  can  be  followed, 
even  where  it  does  not  outcrop,  by  its  effect  on  the  mineral  waters. 

In  fact,  in  many  parts  of  Lower  Michigan,  where  outcrops  of  bed 
rock  are  scarce,  important  geologic  data  can  thus  be  gathered.  In 
much  of  our  work  in  Huron  County,  Professor  Davis  and  I  discarded 
the  familiar  tools  of  the  geologist,  the  hammer  and  the  compass, 
and  instead  carried  a  urinometer  and  a  small  leather  case  containing 
barium  chloride  (BaOl)),  for  sulphate  test,  silver  nitrate  (AgNOg),  for 
chlorine  test,  ammonium  oxalate — (NHJjCgO, — for  lime,  and  soilie- 
times  tannic  acid,  for  iron,  and  went  from  farm  to  farm  inquiring 
the  depth  to  rock,  etc.,  and  testing  the  waters.  The  line  between  the 
Upper  Marshall  or  Napoleon  and  the  Michigan  series  was  traceable, 
sharply  within  a  mile,  by  the  reaction  for  sulphates  which  the  latter 
series  gave,  and  by  a  rapid  increase  in  total  mineral  contents.     This 
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purely  objective  line  agreed  with  reports  as  to  the  nature  of  the  rocks 
and  the  rare  outcrops.  (Compare  PL  VI  and  fig.  12.)  For  further 
details  reference  may  be  made  to  the  forthcoming  report  of  the  State 
geological  survey  on  Huron  County. 

It  is  not  uncommon,  however,  to  find  good  fresh  water  in  the  Mar- 
shall sandstones  directly  beneath  the  Michigan  series;  there  seem  to 
be  two  reasons  why  the  salt  water  has  not  worked  down  and  charged 
the  Marshall  sandstone. 

In  the  first  place,  as  the  Marshall  sandstone  outcrops  all  around 
under  the  high  land,  there  is  a  strong  pressure,  nearly  if  not  quite 
enough  to  make  the  water  in  the  center  of  the  basins  rise  to  the  sur- 
face. Thus  the  tendency  is  for  the  water  to  work  up  rather  than 
down  in  the  lower  central  parts  of  the  Michigan  Basin,  which  are 
overlain  by  the  Michigan  series  and  by  the  outcrops.  This  tendency 
has  been  shown  in  hundreds  of  wells  for  fresh  water  and  in  dozens 
of  wells  for  brine,  which  have  been  put  down  in  the  Saginaw  Valley. 
The  Marshall,  toward  the  center,  becomes  deeper  and  more  salt.  It 
is  the  source  of  the  brines  of  Saginaw  and  Bay  City,  of  the  brominifer- 
ous  brine  of  Midland,  St.  Louis,  and  Alma,  and  probably  of  that  of 
Big  Rapids;  it  is  almost  saturated  with  salt.  The  salt,  however,  is 
not  derived  from  above,  since  it  is  comparatively  free  from  gypsum. 
At  one  time  the  wells  in  the  Saginaw  Valley  made  a  really  noticeable 
reduction  in  the  percentage  of  salt  contained  in  the  brine.  They 
may  have  drawn  in  fresh  water  from  the  sides  to  replace  the  brine 
extracted  at  the  middle  of  the  basin.  The  Marshall  sandstone  is 
generally  easy  drilling. 

The  overlying  Michigan  series  from  Bay  Port  to  Saginaw,  Midland, 
Alma,  and  Grand  Rapids  is  a  trifle  over  200  feet  thick.  The  position 
and  thickness  of  the  gypsum  and  hydraulic  limestone  beds,  which 
are  intercalated  in  the  prevalent  series  of  gray  or  blue  shales,  are  not 
constant.  To  a  certain  extent  this  appearance  may  be  due  merely  to 
imperfect  records.  Some  of  the  gypsum  beds  are  quite  extensive. 
To  the  southeast,  even  around  Sebewaing,  the  gypsum  feathers  out. 
Of  its  character  to  the  north  little  or  nothing  is  known.  Water  from 
the  Michigan  series  is  generally  scanty  or  strongly  mineralized.  Occa- 
sionally pyritiferous  beds  and  cherty  limestones  mQ.ke  hard  drilling. 

A  change  of  climate,  or  more  likely  a  slight  depression  making  an 
open  sea,  probably  caused  the  deposition  on  top  of  the  Michigan 
series  of  a  series  of  cherty  limestones  and  sandstones  of  an' entirely 
different  character  from  those  of  the  Michigan  series — almost  exactly 
paralleled  by  the  Maxville  limestone  of  Ohio  and  rich  in  similar  fos- 
sils. In  this  series  I  am  now  inclined  to  include  not  only  the  Grand 
Rapids  limestone  but  Winchell's  Parma  sandstone.  The  sections 
and  borings  at  Bay  Port,  at  Charity  Island,  and  elsewhere  have  con- 
vinced me  that  limestones  and  sandstones  are  intimately  intercalated 
at  this  horizon.  Many  of  the  sandstones  are  highly  cross  bedded,  and 
according  to  the  observations  of  the  writer  are  apparently  mere  sand 
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bars.  This  is  noted  in  the  drill  cores  of  the  Bay  Port  quarry  explo- 
rations by  Rominger,  who  called  it  an  unconformity,  also  on  Charity 
Island,  and  by  Winchell  in  his  original  description  of  the  Parma 
around  Jackson.  The  Bay  Port  limestone  has  the  strongest  possible 
resemblance  to  the  Grand  Rapids  limestone  in  character  and  in 
fossils,  and  both  are  intimately  associated  with  and  underlain  by 
sandstones. 

The  brines  of  this  horizon,  as  pointed  out  by  Garrigues,  run  higher 
in  sulphates  of  lime,  etc.,  and  lower  in  earthy  chlorides  than  do  those 
of  the  Marshall;  this  is  in  harmony  with  the  general  theory  of  the 
upward  pressure  of  the  waters  of  the  basin.  The  Parma  sandstone 
is  not  always  recognizable  as  distinct  from  the  Marshall,  although  to 
the  north  from  Bay  Port  it  can  be  fairly  well  traced  to  Sebewaing, 
Bay  City,  Midland,  Alma,  and  as  far  as  Ithaca  to  the  southeast 
toward  Corunna  and  Flint.  As  the  Michigan  series  feathers  out  this 
Parma  sandstone  either  feathers  out  also  or  merges  in  the  great  shore 
development  of  the  Marshall  sandstone.  (See  fig.  10.)  I  now  think 
that  the  record  of  the  Jackson  well  is  misinterpreted.^  The  Parma 
and  Marshall  are  both  probably  merged  in  the  great  sandstone  from 
83  to  373  feet  below  the  surface,  the  dividing  line  being  perhaps  near 
200  feet,  while  the  blue  sandstones  at  415  and  660  feet  are  probably 
merely  minor  beds  of  the  Lower  Marshall  or  Cold  water,  respectively — 
Cuyahoga  formations,  especially  as  they  are  not  free  water  bearers. 

Returning  once  more  to  the  Parma  horizon — ^that  of  the  Grand 
Rapids  and  Bay  Port  limestones — the  water  is  usually  hard,  but  at 
Bay  Port  it  is  quite  pure,  and  no  doubt  is  the  water  horizon  of  many 
weUs  besides  those  at  Ithaca,  especially  in  the  region  about  Mason, 
Lansing,  Owosso,  and  Birch  Run,  where  thus  far  it  can  hardly  be 
separated  from  the  Marshall.    It  has  been  but  little  used  for  brine. 

Above  the  Parma  comes  a  varied  series  of  black  shales,  fire  clays, 
black  band  iron  ores,  and  coals,  and  sandstones.  The  sandstones 
usually  yield  water,  but  the  water  is  generally  quite  mineralized 
(being  occasionally  prescribed  for  the  sick)  and  is  sometimes  a 
brackish  water  which  cattle  drink  greedily.  Wells  in  the  coal  meas- 
ures generally  have  a  good  head,  and  frequently  flow.  The  sand- 
stones are  generally  yrhite,  except  well  up  in  the  series,  while  to  the 
northwest,  around  Ionia,  Ashley,  St.  Johns,  St.  Louis,  and  in  Gar- 
field Township  (T.  16  N.,  R.  3  E.)  there  are  records  of  a  red  sand- 
stone,  which  Winchell  called  the  Woodville  sandstone.  This  red 
sandstone  also  jdelds  water  which  is  rather  strongly  mineralized,  but 
it  is  yet  little  known,  and  it  can  not  be  said  how  far  the  red  color  is 
due  to  surface  oxidation.  In  some  cases  it  appears  too  thick  for  that 
and  reminds  one  of  the  upper  barren  coal  measures  of  Ohio  and 
West  Virginia,  and,  as  at  Saginaw,  it  appears  to  be  quite  uncon- 
formable on  the  coal  measures  proper. 

1  Q«oL  Survey  Michigan,  Vol.  V,  Part  II,  1806,  PI.  XXUI. 
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around  the  valley  the  depth  of  drift  is  less  than  50  feet.  Thence  it 
passes  3  miles  southeast  of  Sebewaing,  then  close  to  Union ville,  and  on 
west.  There  are  irregularities  in  the  depth  of  wells  around  West  Sagi- 
naw and  Bay  City  that  indicate  spurs  of  this  valley,  and  the  next  well- 
marked  location  is  at  Midland,  where  some  wells,  like  those  near 
Hubbard  to  the  north,  find  only  about  200  feet  of  drift,  while  others,  at 
the  east  end  of  the  town,  find'300  feet  of  drift.  Wells  are  said  to  have 
struck  rock  at  76  feet  in  Mount  Pleasant,  but  on  the  other  hand  wells 
north  of  there  have  gone  160  feet,  wells  west  355  feet,  and  wells  south 
205  feet  without  striking  rock.  At  Alma  it  is  495  feet  to  rock,  and  at 
St.  Louis,  3  miles  away,  it  is  only  355  feet  or  less,  and  at  Ithaca  330  feet. 
At  Big  Rapids  it  is  600  feet  to  rock,  while  at  Ludington,  Manistee, 
and  Frankfort,  although  close  to  the  lake,  there  is  a  great  depth  of  drift. ' 
These  facts  indicate  clearly  enough  an  incised  valley  system  of  100-foot 
ravines,  and  also  seem  to  indicate,  contrary  to  Spencer's  very  natural 
hypothesis,  followed  by  Mudge,*  that  the  drainage  of  the  coal  basin 
was  toward  the  west  and  not  by  Saginaw  Bay,  both  because  the  depth 
of  the  ravine  steadily  increases,  and  also  because  the  limestone  ridge 
seems  to  run  continuously  across  the  mouth  of  Saginaw  Bay,  from  the 
islands  off  Bay  Port,  in  continuous  rock  bottom  to  Charity  Island, 
and  outcrops  again  on  the  north  shore.  The  limestone  may  be  fol- 
lowed near  Omer  and  Prescottat  a  higher  level  than  the  bottom  of  the 
valley  just  described.  The  rock  contours  of  PI.  VI  illustrate  these 
facts. 

The  troughs  which  Mr.  Mudge  assumes  represent  troughs  or  val- 
leys in  the  rock  surface  are  sufficiently  explained  by  the  Glacial  drain- 
age, which,  indeed,  Mr.  Mudge  has  pointed  out  for  the  Ionia  channel; 
and  the  very  fact  that  in  the  Ionia  channel  the  Grand  River  has  in 
two  distinct  places  struck  bed  rock  far  above  the  lower  rock  sur- 
face of  the  Saginaw  Valley  makes  the  supposition  that  it  follows  a 
rock  channel  rather  forced.  There  are  two  other  arguments  of  a 
general  nature  for  my  interpretation  of  the  rock  surface.  In  the  first 
place,  the  rock  ridge  seems  much  more  broken,  the  depth  of  drift  far 
more  irregular,  and  the  topographic  relief  greater  in  the  Grand  Trav- 
erse region  than  in  the  Thumb  of  Michigan,  which  indicates  that  the 
former  region  is  farther  downstream,  or  nearer  the  master  valley,  than 
the  latter.  In  the  second  place,  the  generally  accepted  theory  of  a 
greater  northern  elevation  of  the  land  preceding  glaciation  disproves 
the  supposition  that  the  gradient  from  Alma  northeast  was  reversed, 
and  makes  the  course  of  the  valley  from  Bad  Axe  to  Ithaca  even  more 
natural.  From  that  i>oint  on  its  course  is  much  less  certain.  It 
seems  to  have  been  deflected  when  it  met  the  northwest-striking 
sandstones  and  limestones  beneath  the  softer  coal  measures,  at  the 
southwest  side  of  the  coal  basin. 


« Am.  Johp.  Sci.,  4th  aer..  Vol  IV,  18»T,  p.  384. 
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CARBONIFEROUS   AND   DEVONIAN   SHALES. 
LOWER  MARSHALL  SANDSTONE. 

Beneath  the  heavy  Upper  Marshall  sandstone  which,  as  has  already 
been  mentioned,  lines  the  shore  of  Huron  County  from  Rush  Lake  to 
Hat  Point,  there  are  in  Huron  County  (see  fig.  12)  about  260  feet  of 
strata  which  are  largely  sandy  flags  and  include  three  well-marked 
sandstones,  one  outcropping  at  Port  Austin,  another  at  Pointe  Aux 
Barques,  and  another — the  famous  Huron  blue  stones,  used  for  whet- 
stones and  grindstones  throughout  the  United  States.  The  series  is 
very  ferruginous,  and  beds  often  become  red  and  friable  as  the  iron 
oxidizes,  although  they  are  green  or  blue  when  fresh.  These  sand- 
stones may  be  traced  under  cover  by  wells  or  by  scattered  outcrops 
through  Huron  County  and  into  Sanilac  County.  Generally  the  sup- 
ply of  water  is  ample,  the  quality  excellent  (although  occasionally 
salty  streaks  occur  in  the  Lower  Marshall),  and  occasionally,  as  near 
Bad  Axe  and  Port  Austin,  in  exceptionally  low  ground  there  are 
flows.  As  the  sandstones  are  traced  to  the  west  under  cover,  they 
are  soon  lost,  except  when  they  merge  into  a  belt  of  red  rock,  paint 
rock,  red  shale,  sandy  shale,  etc.,  in  which  form  they  may  be  traced 
quite  continuously  as  far  at  least  as  Saginaw  River.  They  are  evi- 
dently shore  deposits  of  no  wide  range  and  have  not  yet  been  success- 
fully followed  individually  to  the  southwest.  They  are  transition 
beds  from  the  Upper  Marshall  or  Napoleon  sandstone  to  the  great 
shale  formation  below.  They  are  easy  to  drill,  and  extend  the  width 
of  the  Marshall  belt,  from  which  good  water  can  be  obtained  a  rather 
indeflnite  distance  to  the  southeast. 

COLDWATER  SHALES. 

Farther  down,  in  the  Coldwater  shales  proper,  the  sandstone  seams 
grow  thinner  and  finer  grained,  and  the  water  contained  is  more  apt 
to  be  salty.  Little  sheets  of  sandstone  cemented  by  carbonate  of  iron, 
as  at  Pointe  Aux  Barques  light-house,  at  Sand  Beach,  and  at  Rich- 
mondville,  are  found  at  various  levels  in  the  Coldwater  shales,  but 
in  general  this  formation  is  composed  of  fine-grained,  micaceous, 
bluish  shales,  easily  drilled  and  very  dry.  In  Caseville,  about  400 
feet  below  the  Upper  Mai'shall,  is  a  brine  which  seems  to  be  fairly 
persistent  and  which  is  possibly  even  more  marked  to  the  northwest. 
In  outcrop  balls  of  carbonate  of  iron  are  frequent,  and  one  wonders 
how  often  the  bands  of  limestone  recorded  as  encoantered  in  drilling 
are  nothing  but  such  balls. 

BEREA  SHALE  AND  GRIT. 

About  1,000  feet  below  the  Upper  Marshall  the  shales  become 
blacker.  The  horizon  of  the  Berea  shale  recognized  in  Ohio  is  reached, 
and  then  all  along  the  southeastern  part  of  the  State  the  Berea  grit  is 
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Pio.  12.— Geological  column  In  Hnron  Connty,  Michigan, 
adapted  to  the  wells  at  Caseyllle  and  Sand  Beach  bat  iRns- 
traavealsoof  those  at  Sebewalng,  Bay  Port,  Port  Cres- 
cent, Port  Austin,  Grindstone  City,  New  River,  Port 
Hope,  White  Rock,  ForestviUe.  etc. 


well  develoi)ed.  It  is  a 
horizon  wiell  known  for 
brine,  and  is  followed  to 
a  depth  of  1,650  to  1,750 
feet  at  Caseville  and  at 
Blackmar,  but  is  quite 
salt  even  when  not  very 
deep,  as  at  Forestville, 
Ann  Arbor,  and  Tpsi- 
lanti.  At  the  latter  place 
it  seems  to  be  more  salt 
than  underlying  strata. 
It  may  be  the  source  of 
some  of  the  salt  in  wells 
about  Ray  (T.  4  N.,  R.  13 
E.),  Utica,  Wales,  and 
Rochester.  With  black 
shales  above  and  below  it 
is  not  surprising  that  the 
Berea  grit  frequently 
contains  gas,  and  that 
many  of  the  wells  which 
strike  gas  immediately 
beneath  the  clays  seem 
to  be  located  over  its 
beveled  edge.  It  does 
not  seem  to  be  a  marked 
topographic  feature,  nor 
does  it  break  the  general 
valley  of  the  shales  above 
and  below.  The  Berea 
brines  are  of  very  good 
quality.  Where  recently 
struck  in  Bay  City,  at  a 
depth  of  2,200  feet,  it 
actually  flows,  which,  in 
a  concentrated  brine,  in- 
dicates a  considerable 
head. 

ST.  CLAIR  BLACK  SHALES. 

Though  the  Bedford 
shales  immediately  be- 
low the  Berea  grit  are 
often  blue  or  red  (oxi- 
dized blue),  black  soon 
becomes  predominant,  at 
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first  in  streaks  (Cleveland  shale),  but  later  in  a  solid  mass  of  100  to 
300  feet  or  more  of  bituminous  shale  nearly  equivalent  to  the  Ohio 
shale,  a  horizon  widely  marked  and  in  a  general  way  recognizable  all 
over  the  State.  This  shale  is  somewhat  sticky,  but  on  the  whole  is 
easily  drilled  and  is  of  importance  as  lying  just  above  the  horizons 
which  contain  most  of  the  more  famous  bath  waters  of  the  State. 
From  the  Marshall  down  to  the  base  of  these  black  shales,  with  the 
possible  exception  of  the  Berea  grit,  there  is  no  horizon  of  much 
importance  either  for  brine  or  as  a  source  of  water,  and  in  regions 
where  these  formations  underlie  the  drift  the  prospects  for  rock  wells 
for 'drinking  water  are  not  generally  encouraging.  Of  course,  near 
the  outside  margin  good  water  may  be  obtained  by  drilling  through  to 
lower  beds. 

In  general  this  great  series  of  shales  probably  makes  valleys  lying 
between  the  Marshall  sandstone  ridge  on  one  side  and  the  ridge  of 
the  Dundee  limestones  on  the  other,  and  this  is  exhibited  in  Ihe  rock 
contours  of  PL  VI  and  in  the  rock  profile  of  fig.  10. 

Very  remarkable  is  the  occurrence  of  a  6-foot  bed  of  rock  salt  in 
this  formation  at  Bay  City,  with  black  shale  immediately  above  and 
below.  This  occurrence  seems  to  show  that  the  black  shale  is  not  a 
deep  sea  sargasso-like  deposit. 

LOWER  DEVONIAN  AND  UPPER  SILURIAN  LIMESTONES. 

TRAVERSE    SERIES   (HAMILTON). 

A  transition  series  between  the  black  shales  above  and  the  lime- 
stone series  below  is  of  slight  importance  in  the  south  part  of  the 
State,  where  it  is  about  80  feet  thick,  but  rapidly  increases  in  thick- 
ness and  in  interest  toward  the  north.  Along  the  St.  Clair  River — at 
Port  Huron,  and  elsewhere — it  has  thickened  to  over  300  feet  and  is 
subdivided  as  follows: 

Typical  section  of  series  between  St,  Clair  black  shales  and  Dundee  limestones, 

Peet. 

Hard  argillaceons  limestone _ 3 

Shale,  argillaceous  soapstone _ 12 

Limestones,  *  *  top  limestones, "  argillaceous,  often  containing  gas ^    80 

Shale,  "top  soapstone," argillaceous 160 

Limestone,  '^middle limestone," argillaceous. 4 

Shale,  ** lower  soapstone" _ -65 

Beneath  the  last  member  are  light-colored  Dundee  limestones, 
yielding  gas  and  mineral  water.  The  "middle  limestone"  is  not 
always  recognized,  and  the  shales  are  calcareous,  so  that  they  may  be 
considered  alternations  of  calcareous  shales  and  of  argillaceous  marls 
or  limestones.  The  division  into  a  top  of  limestone  and  a  bottom  of 
shale  can  be  traced  throughout  the  State.  On  the  north  side  of  the 
basin,  from  Alpena  to  Charlevoix  and  Frankfort,  the  formation  is  600 
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or  600  feet  thick,  retaioing  ite  marked  shale  base,  and  also  tli«  ten- 
DucvntoH.  dency  to  bluish,  richly 

'^'■"^'  fosBlliferous  lay  era; 

ti^iiMx^  bat  the  formation  ig 

UtntSTT'"  quite  varied  and  dolo- 

"™'''*^"'|  mitio,  as  is  seen  from 

the  Cbarleroix  and 
Petoskey  reoordH. 
(See  fig.  13.) 

There  are  several 
streaks  of  limestoDeiD 
this  formation  ■which 
yield  more  or  less 
water,  even  in  the 
Bonthern  part  of 
the  StatA,  and  to  the 
north,  as  shown  at 
Charlevoix,  it  is  quite 
freely  water  bearing. 
There  is  some  reason 
for  thinking  that  the 
nri^o^^  .u  i-^w,  mbih  <•  Alma  Well  also  is  still 
in  this  formation,  but 
the  principal  mineral- 
water  horizon  is  just 
beneath. 

DUNDEE        LIHBSTONK 
)N-«M,"di'-ni>.ii»Hii.invk  (UPPBR       HBLDEB- 

iM-)i4,tiH»M».,    ^^  BERG). 

This  formation  has 
in-H).UKii~Mwiii>jw«i.ri.  ^l*"  been  called  the 
'""°*  Comiferous  or  Macki- 
nac limestone.    Lith- 
olc^cally    the    upper 
ni-«i,T.ug.«>.»«d.d«>iuii~.^  limit   of    this   forma- 
■°"'  tion  is  one  of  the  best- 

marked  lines  that  ex- 
tends throughout  the 
u«i,».j»»;  State.     It  separates  a 

Mwm,  .r^ii™.M  ii~u.  -Ill  great  series  of  bluish- 
'"'"'' """'""'  gray  or  black  clayey 

u«9,imA^.-hkbi.p,.ui>i,ii.  rocks  from  a  great  se- 
T<>..~,i...,iiuo[MiDFw>.t.r.  ries  of  buff-yellow  or 
almost  white   largely 

Fio,  ti.--aaaaaa  at  well  tt  Oh»rleToli,  Mlchlsui.  CalOareOQB  OneS.       It  18 
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generally  very  light  yellow  in  color,  is  full  of  flint,  and  is  very  hard, 
so  that  the  drilling  is  slow  at  times.  It  effervesces  very  freely  with 
acid,  and  some  of  the  layers  rank  as  the  parest  limestone  of  the  State, 
containing  98  per  cent  of  calcium  carbonate  (CaCOs). 

It  is  almost  always  more  or  less  permeated  with  water  which  is 
charged  with  hydrogen  sulphide  (HjS)  even  at  Petoskey.  When  under 
greater  cover  the  water  becomes  more  salty,  but  is  also  strongly  charged 
with  other  ingredients  than  salt — ^real  bittern,  or  mother  liquor — ^and 
is  the  most  valued  mineral  water  in  Michigan. 

The  deposit  of  celestite  with  native  sulphur  has  been  associated  by 
Professor  Sherzer  with  the  occurrence  of  traces  of  strontia  (SrO)  in 
these  sulphureted  waters.  Frequently,  also,  oil  or  gas  is  encountered. 
In  spite  of  the  strength  of  this  brine  at  times  (at  Charlotte  the  spe- 
cific weight  is  1.198)  it  is  too  impure  for  salt  manufacture,  and  is 
mainly  important  medicinally. 

The  line  between  this  formation  and  the  one  below,  being  one 
chiefly  between  limestone  and  dolomite,  can  be  surely,  ascertained 
only  by  the  use  of  acid.  Hence  over  most  of  the  State  the  line  is  still 
very  uncertain. 

THE  MONROE  AND  SALINA  BEDS  (LOWER  HELDERBERO). 

These  are  the  oldest  beds  exposed  at  the  surface  in  the  Lower  Penin- 
sula. Not  more  than  100  or  200  feet  of  these  beds  are  exposed  at  the 
surface,  but  borings  reveal  over  1,200  feet,  if  with  Orton  we  include 
in  the  group  the  salt  beds  (Salina).  The  beds  are  mainly  buff  dolo- 
mites and  calcareous  and  argillaceous  marls,  associated  with  anhy- 
drite and  rock  salt.  Near  the  top  a  bed  of  the  purest  white  quartz 
sand  (often  recrystallized),  the  Sylvania  sandstone,  extends  persist- 
ently across  Monroe  County  and  can  be  traced  under  cover  at  least 
as  far  as  Mount  Clemens  and  St.  Clair  River.  This  sandstone  is,  of 
course,  a  good  water  bearer.  Near  Detroit,  while  at  about  200  feet 
the  strongly,  sulphureted  waters  of  the  Dundee  are  reached,  at  about 
400  feet  comparatively  fresh  potable  water  is  met,  and  it  seems  as  if 
it  might  be  worth  while  to  develop  further  this  horizon,  which  is  prob- 
ably also  encountered  in  Ypsilanti  and  Alpena.  Below  this  sandstone 
the  salt  beds  and  brines  of  the  Salina  are  reached.  Rock  salt  is  here 
in  single  layers  often  over  100  and  even  200  feet  thick;  its  aggregate 
thickness  can  not  be  estimated.  These  rock-salt  beds  extend  appar- 
ently beneath  (or  at  any  rate  skirt)  the  whole  of  the  peninsula,  from 
Alpena  and  St.  Ignace  down  to  a  line  drawn  from  Trenton  to  Muske- 
gon. South  of  this  line  there  is  gypsum  (or  anhydrite),  but  not  salt. 
A  group  of  six  wells  at  Trenton  shows,  within  a  few  hundred  yards,  the 
exact  margin  of  the  salt  basin. 

This  great  thickness  of  salt  suggests  that  there  should  have  been  a 
concentration,  as  at  Stassf urt,  in  Germany,  of  the  rare  potash  and 
bromine  salts  in  the  upper  layers.    The  earlier  Sand  Beach  analyses 
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indicated  such  concentration,  but  the  water  does  not  now  give  similar 
results.  The  Mount  Clemens,  Somerville  Springs,  and  similar  waters 
are  clearly  of  the  nature  of  mother  liquors. 

These  salt  beds,  like  all  the  beds,  dip  away  from  the  St.  Clair  and 
Detroit  rivers  to  the  northwest,  but  after  descending  to  depths  of 
probably  3,000  to  4,000  feet,  they  rise  again,  and  just  north  of  the 
Straits  of  Mackinac  gypsum  beds  outcrop.  At  St.  Ignace  a  thin  bed 
of  salt  is  reported  only  400  feet  below  the  surface,  while  at  Alpena 
rock  salt  is  encountered  within  1,000  or  1,200  feet.  Though  the  Salina 
can  not  be  sharply  divided  from  the  formation  above  or  below,  the  fol- 
lowing arrangement  may  be  suggestive:  at  the  top,  dolomites  and 
g3rp8eous  marl  mark  a  time  of  desiccation;  then  comes  an  arenaceous 
dolomitic  limestone  passing  into  a  glass  sand — ^the  Sylvania  sand- 
stone ;  then  some  more  beds  with  gypsum  and  sometimes  with  rock  salt; 
then  200  feet  or  more  of  somewhat  gypsiferous  dolomites;  and  beneath 
them  a  rapid  succession  of  thick  rock-salt  beds,  marking  probably  the 
first  and  greatest  period  of  desiccation. 

NIAGAItA  AND  CLINTON  FORMATIONS. 

These  formations  have  been  struck  only  southeast  in  Monroe 
County,  southwest  from  Kalamazoo,  and  north  at  Frankfort.  The 
most  characteristic  part  probably  belongs  to  the  Guelph  formation — 
the  chum-drill  powder  being  almost  white— a  very  fine-grained  dolo- 
mitic limestone.  It  answers  to  Orton's  description,  and  in  accord 
with  his  remarks  of  the  change  from  southern  to  northern  Ohio,  I 
recognize  the  Rochester^  shale  only  at  Wyandotte.  Generally  toward 
the  bottom  the  limestone  becomes  more  ferruginous  and,  as  at  Wyan- 
dotte and  Dundee, a  ''red  rock,"  and  then  the  red  shales  of  the  Medina 
are  reached.  Concerning  the  water  resources  of  this  part  ot  the  col- 
umn little  is  known.  Water  was  noted  at  Dundee  from  these  beds, 
but  there  is  no  report  of  its  chemical  character. 

HUDSON  RIVER  AND  UTICA  SHALES. 

There  is  next  a  great  series  of  shales,  struck  only  by  a  few  wells  in 
exploring  to  the  Trenton,  like  those  at  Dundee,  Monroe,  and  at  South 
Bend,  Indiana,  viz :  (1)  The  Medina  red  and  green  shales  at  Dundee,  at 
a  depth  of  1,625  to  1,725  feet;  (2)  the  Hudson  River  blue  shales,  about 
300  or  400  feet  thick ;  (3)  the  Utica  brown  or  black  bituminous  shales, 
about  100  feet  thick.  This  series  is  similar  to  the  Lower  Marshall, 
the  Cold  water  (Cuyahoga),  and  the  St.  Clair  shale  series. 

>  The  Director  of  the  United  States  Oeological  Snryey  has  decided  that  hereafter  in  the  pnbli- 
cations  of  the  Snryey  the  term  Lockport  limestone  will  be  nsed  in  place  of  the  term  ^^  Niagara 
limestone,"  and  the  term  Rochester  ahale  in  place  of  the  term  **  Niagara  shale,'*  the  wardNitioara 
being  reserred  for  the  designation  of  some  higher  classific  nnit— Editoo. 
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TRENTON  LIMESTONE. 

This  formation  has  been  penetrated  a  few  feet  at  Monroe  and  at 
Wyandotte,  somewhat  further  at  Dundee,  and  again  in  the  southwest 
part  of  the  State,  at  Dowa^ac.  It  is  really  a  buff,  granular,  porous 
dolomite,  with  traces  of  gas  and  oil  usually  drowned  out  by  a  strong 
impure  brine. 

ROCK  STRUCTURE  AND  TOPOGRAPHY. 

The  general  structure  of  the  rock  basin,  which  has  been  described, 
is  well  shown  by  Pis.  LXVII  to  LXX  of  Vol.  V  (1895),  Pt.  II,  Michi- 
gan  geological  survey,  which  can,  however,  be  improved  by  use  of 
records  since  received;  fig.  10  is  a  new  section  from  Monroe  to  Char- 
levoix. The  limestones  and  sandstones  of  the  Traverse,  Dundee,  and 
Monroe  make  a  rock  ridge,  which  comes  to  the  surface  in  Monroe 
County,  can  be  distinctly  traced  as  an  escarpment,  as  Spencer  has 
remarked,  in  the  bottom  of  Lake  Huron,  and  reaches  land  once  more 
at  Thunder  Bay.  From  that  point  the  ridge,  though  apparently 
broken  beyond  Cheboygan  by  cross  valleys,  continues  nearly  around 
to  Frankfort,  where  the  rock  surface  is  slightly  higher  than  at  Manis- 
tee. The  deep  valley  between  this  ridge  and  the  Marshall  sandstones 
is  clearly  defined  in  the  well  records  in  the  southeastern  part  of  the 
State,  and  seems  to  discharge  near  Algoma,  where  there  is  consider- 
able thickness  and  where  the  depth  to  drift  is  irregular.  This  shale 
valley  was  overlooked  on  the  northwest  by  an  abrupt  escarpment  of 
Marshall  sandstone,  which  is  almost  everywhere  concealed,  and  yet 
within  a  mile  the  depth  to  rock  may  vary  from  less  than  10  to  30,  40, 
or  even  100  feet.  This  Marshall  sandstone  escarpment  is  more  or 
less  escalloped  and  ravined,  as  was  indicated  in  Hillsdale  County, 
and  there  are  probably  outlying  areas  or  spurs  of  sandstone.  On 
the  main  ridge  of  Marshall  sandstone  the  rock  fioor  is  reported  to  be 
fairly  level,  and  the  irregularities  in  the  drift  are  due  to  the  irregu- 
larities of  the  moraine  ridges,  etc. ;  but  in  toward  the  coal  basin,  i.  e., 
toward  Mason  County  and  around  Pigeon,  in  Huron  County,  there 
is  a  system  of  valleys  in  the  rock  surface  up  to  100  feet  deep.  In  the 
lower  part  of  the  Michigan  series  soft  beds,  easily  cut,  predominate, 
while  the  upper  part,  the  Parma  sandstone,  the  Bay  Port  limestone, 
etc.,  is  more  resistant,  and  shows  an  escarpment  facing  outward  at 
least  10  or  more  feet  vertically,  and  the  valleys,  as  they  ti-averse  it, 
rapidly  deepen  to  more  than  100  feet.  It  is  probable  that  some  of 
the  limestone  masses  which  have  so  puzzled  Winchell*  and  others 
have  been  outliers  of  this  escarpment  pushed  or  dragged  off  from  the 
soft  shales  beneath  and  left  stranded  in  the  drift.  They  are  particu- 
larly conspicuous,  as  Winchell  remarks,  in  Oceana  County,  in  the 
northwestward  extension  of  the  rock  divide — ^which  follows  the  Mar- 

i  Proo.  Am.  Abboo.  Ady.  SoL,  187S,  p.  86. 
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shall  sandstone  around  to  Holland — near  which  there  are  outcrops.  To 
the  southeast  around  Allegan,  South  Haven,  and  Bangor,  the  rock  sur- 
face is  considerably  lower.  How  far  the  softer  Michigan  series  make 
a  trough  separating  the  Marshall  ridge  from  the  limestone  ridge  is 
not  yet  clear  from  the  well  records.  Rapid  variations  in  the  altitude 
of  the  rock  surface  around  Grand  Rapids  make  it  evident  that  the 
limestone  there  is  much  eroded.  Up  Grand  River,  at  Ionia,  there  are 
other  outcrops  of  a  sandstone  which  is  probably  high  up  in  the  coal 
series.  The  rock  ridge  can  be  followed,  being  occasionally  struck 
by  wells,  to  the  southeast  comer  of  Newaygo  County.  From  this 
point  north  the  rock  surface  evidently  falls  off,  for  it  is  so  deep  that 
no  ordinary  wells  for  water  encounter  it,  and  it  is  only  from  deep 
explorations  for  salt,  oil,  or  gas  that  it  has  been  found  to  fall  below 
sea  level  at  Manistee  (30  to  40  feet  below  tide).  It  is  near  these  low 
points  in  the  rock  surface  that  the  large  limestone  masses  are  found 
in  the  drift  in  Oceana  County,  and  it  is  not  unnatural  to  suppose  that 
this  is  in  a  I'egion  of  strong  relief,  whose  scenery  was  something  like 
that  of  the  driftless  area  of  Wisconsin,  full  of  pinnacles  capped  with 
limestone.  It  is  here,  therefore,  that  we  have  carried  the  stream  val- 
ley described  on  page  83,  which  seems  to  drain  the  most  of  the  coal 
basin  surrounded  by  the  Marshall  rampart. 

The  great  depth  of  drift  at  Traverse  City,  with  the  rock  bottom  not 
yet  reached,  compared  with  Provemont,  where  the  limestone  has  been 
struck,  shows  that  on  the  northwest  side  again  the  Coldwater  and  St. 
Clair  shales  make  a  valley,  though  outcrops  are  not  far  away,  and 
other  facts  go  to  support  the  suggestion  that  the  limestone  escarp- 
ment on  this  side  was  in  bold  relief  and  probably  severely  cut  up. 
In  all  probability  Grand  Traverse  Bay  marks  some  prominent  cross 
valley.  Beyond  Cheboygan  Lake  the  limestone  ridge  becomes  more 
continuous.  Throughout  the  north  half  of  the  State  the  well  records 
of  depth  to  rock  are  so  few  that  the  reconstruction  of  the  rock  topog- 
raphy is  largely  guesswork,  and  it  is  necessary  to  fall  back  on  the 
analogies  of  the  relations  of  moraines  to  rock  ridge  in  the  lower  part 
of  the  State. 

PROSPECTS  OF  ROCK  WELLS. 
NORTHERN  LIMESTONE  DISTRICT. 

From  what  has  been  said  in  the  previous  part  of  this  paper  in 
connection  with  the  well  reports,  it  appears  ttiat  there  is  a  district, 
from  Alpena  and  Long  Rapids  to  Charlevoix  and  north  of  these 
places,  through  which  it  will  frequently  be  necessary,  in  order  to  get 
a  i)ermanent  supply  of  water,  to  drill  down  into  the  limestone  (Trav- 
erse or  Dundee),  which  is  often  close  to  the  surface.  At  moderate 
depths,  down  to  about  500  feet,  the  water,  though  hard  and  slightly 
charged  with  hydrogen  sulphide  (H2S)  will  be  suitable  for  drinking. 
At  greater  depths,  however,  within  1,600  feet,  rock  salt  and  brines 
will  be  encountered. 
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NORTHERN  SHALE  DISTRICT. 

Toward  the  south  there  is  a  broad  district  heavily  covered  with 
drift,  with  the  rock  surface  probably  a  valley  in  which  it  will  very 
rarely  be  necessary  to  go  to  rock  for  drinking  waters,  and  in  fact  the 
prospect  for  them  is  not  very  good.  The  underlying  rocks  belong  to 
the  Carboniferous  and  Devonian  shale  series.  Only  here  and  there 
will  a  deep  well,  drilled  for  gas,  brine,  mineral  water,  etc.,  penetrate 
to  the  rock  and  find  mineral  water  beneath  the  shales. 

Toward  the  south  side  of  this  district  are  the  sandstones  of  the 
Lower  Marshall;  but  little  is  yet  known  of  their  extent. 

COAL  BASIN. 

The  coal  basin  occupies  the  center  of  the  State,  including  in  it  the 
Michigan  and  Upper  Marshall  series.  The  basin  extends  from  Tawas 
Bay  probably  well  up  toward  Otsego  Lake,  thence  to  Ludington  and 
Hart,  thence  down  to  Hillsdale  County  (as  shown  on  the  map,  PL  VI). 
Throughout  this  district  the  structure  of  the  rocks  is  favorable  for 
artesian  wells,  and  inside  the  belt  of  moraine  that  surrounds  it  there 
is  a  very  fair  chance  of  getting  a  flow  of  water,  as  at  Birch  Run,  Mid- 
land, Bay  Port,  Sebewaing,  and  elsewhere.  Near  the  margin  of  this 
basin  the  Upper  Marshall  sandstone  furnishes  an  abundant  supply  of 
the  purest  water.  Toward  the  center  of  the  basin  the  overlying 
Michigan  series,  with  their  highly  mineralized  waters,  must  be  cased 
off  if  drinking  water  is  desired.  Still  nearer  the  center  of  the  basin 
almost  all  the  water  is  slightly  saline,  but  is  still  quite  potable.  The 
limits  of  the  saline  waters  are  roughly  shown  in  fig.  14  (e.  g.,  deeper 
wells  of  Saginaw,  Ithaca,  etc.).  The  deepest  waters  now  become 
strong  brines,  the  Upper  Marshall  becoming  remarkably  charged 
with  bromine,  as  at  Alma,  Midland,  and  Big  Rapids. 

SOUTHERN  SHALE  DISTRICT. 

This  district,  being  the  southern  counterpart  of  the  northern  shale 
district,  is  the  only  part  of  the  State  where  there  is  any  serious  difficulty 
in  getting  a  satisfactory  supply  of  water.  It  is  divided  into  two  parts 
by  the  projection  of  the  Marshall  sandstone  nearly  to  the  Michigan- 
Ohio-Indiana  State  boundary.  To  the  southwest  there  are  usually, 
but  not  always,  ponds  and  lakes  enough  for  city  supplies,  and  the 
heavy  deposits  of  overwash  valley  drift  give  numerous  chances  for 
wells  in  surface  deposits.  To  the  southeast,  however,  there  are  prac- 
tically no  lakes  below  the  800-foot  contour.  The  surface  deposits  are 
largely  lake  clays  and  clay  till,  and  the  underlying  rocks  shales  with 
subordinate  sandstone  streaks.  These  sandstones  are  likely  to  be 
salty  or  unpleasantly  charged  with  gases.  In  this  region,  if  a  perma- 
nent supply  can  be  obtained  from  cisterns  or  from  the  surface  gravel 
ridges,  that  is  probably  often  the  best  obtainable,  provided  due  pre- 
cautions are  taken  against  surface  dbntamination.    The  Berea  sand- 
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stone  seems  to  be  usually  salty.     It  might  be  wonh  while  to  see  ho 
far  the  sulphurated  waters  of  the  Dundee  could  be  cased  out  and 
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good  supply  obtaiued  from  theSylvania  sacdstoue.     There  is  no  diff 
enlty  in  this  region  in  getting  mineral  waters,  especially  sulphuretec 
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SOUTHEASTERN  LIMESTONE  DISTRICT. 

There  only  remains  to  be  considered  the  limestone  district  of  Monroe 
and  southeastern  Wayne  counties.  Here  wells  just  down  to  or  a  lit- 
tle way  in  the  rock  encounter  plenty  of  water,  generally  flowing 
chalybeate,  hard,  and  highly  charged  with  hydrogen  sulphide  (H^S). 
There  are  plentiful  flows  of  fresh  water  all  the  way  down,  until  at  800 
feet  or  less  the  gypsum  and  salt  layers  begin.  Naturally  the  wells 
draining  from  the  Sylvania  sandst;One  seem  to  have  the  best  supply, 
and  it  might  be  worth  while  to  go  down  to  it  a  little  farther  under 
cover, 
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The  paper  is  least  satisfactory  in  regard  to  the  water  powers  of  the 
region  considered.  Those  who  know  the  facts  consider  them  too 
valuable  to  publish.  In  this  connection  the  paper  by  Mr.  Robert 
E.  Horton  is  a  welcome  addition.  The  water  powers  northwest  of 
Saginaw  Bay  seem  especially  worth  exploiting. 

Finally,  to  the  State  weather  service,  C.  F.  Schneider,  director,  I 
am  indebted  for  meteorological  data. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geologioai.  Survey, 

Division  of  Hydrography, 

WdshingUmj  May  15^  1899. 
Sir:  I  have  the  honor  to  transmit  herewith  a  inannscript  on  the 
mineral  waters  of  the  Lower  Peninsula  of  Michigan,  by  Dr.  Alfred 
Ghorch  Lane,  now  State  geologist  of  Michigan,  and  to  recommend  that 
it  be  printed  as  one  of  the  series  of  Water-Supply  and  Irrigation  Papers. 
This  is  a  continuation  of  Water  Supply  Paper  No.  30,  entitled  Water 
Resources  of  the  Lower  Peninsula  of  Michigan.  The  original  plan  was 
to  have  this  and  related  information  published  as  one  report  or  mono- 
graph. It  has  been  considered  desirable,  however,  to  issue  the  sepa- 
rate chapters  or  groups  of  chapters  of  the  report  as  originally  designed 
in  pamphlet  form,  in  order  to  insure  an  earlier  publication  and  to  facili- 
tate the  completion  of  portions  for  which  an  unexpected  wealth  of 
detail  has  been  found.  In  this  part  of  the  report  the  water  analyses 
have  been  brought  together  and  discussed,  particular  attention  having 
been  paid  to  the  relation  which  exists  between  the  chemical  composition 
and  the  geological  horizons  or  mode  of  occurrence  of  the  waters  carrying 
mineral  matter  in  solution. 
Yery  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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LOWER  MICHIGAN  MINERAL  WATERS:  A  STUDY  INTO  THE  CON- 
NECTION BETWEEN  THEIR  CHEMICAL  COMPOSITION 

AND  MODE  OF  OCCURRENCE. 


By  Alfbed  Ohxtboh  Lane. 


INTRODUCTION. 

This  paper  is  the  outcome  of  certain  work  in  the  Lower  Peninsula  of 
Michigan  which  I  undertook  for  the  State  survey  in  1895,  and  was 
originally  planned  as  Chapter  Y  of  a  paper  of  which  the  first  four 
chapters  have  appeared  as  Water-Supply  Paper  No.  30.  ^  The  remain- 
der of  the  material  will  be  published  in  a  later  number  of  this  series. 
To  these  two  pamphlets  frequent  reference'  must  be  made,  and  they 
should  be  considered  supplementary  to  the  present  paper. 

In  the  region  of  the  Saginaw  Valley  the  country  is  exceedingly  flat, 
and  rock  exposures  are  rare,  so  that  for  light  on  the  detailed  geology 
of  the  subsurface  rocks  of  the  region  we  are  compelled  to  rely  on  well 
records — largely  the  untrustworthy  data  derived  from  pulverized  drill- 
ings and  the  inferences  that  can  be  drawn  therefrom  concerning  the 
rock  topography — and  on  the  characters  of  the  waters.  It  was  found, 
however,  that  the  waters  gave  important  objective  clues,  and  our  party 
carried  a  testing  case  of  barium  chloride,  silver  nitrate,  ammonium 
oxalate,  and  tannic  acid,  a  urinometer,  and  a  thermometer,  instead  of 
the  geologist's  hammer.  The  work  I  had  previously  done  in  connection 
with  the  preparation  of  Volume  V  of  the  State  reports  led  me  to  think 
that  in  general  it  was  probably  true  that  the  various  geological  horizons 
yielded  characteristic  waters;  therefore  during  the  year  1807,  with  the 
guidance  and  support  of  Mr.  F.  H.  Kewell,  I  attempted,  by  means  of 
circulars  and  personal  visits,  to  extend  my  investigations  of  the  waters 
of  Michigan.  I  met  with  such  hearty  cooperation  from  the  chemists 
connected  with  State  institutions — Profs.  B.  0.  Kedzie  and  F.  S.  Kedzie, 
of  the  State  Agricultural  College,  Prof.  A.  B.  Prescott,  of  the  State 
University,  and  Prof.  V.  0.  Vaughan — that  the  analytical  material 
outgrew  the  limits  of  a  chapter,  and  I  began  to  gain  a  somewhat  com- 
plete idea  of  the  chemico-geological  relations  of  the  waters  of  the  State. 

*  Water  reaoaroes  of  the  Lower  PeninBaU  of  Michigan,  by  Alfred  C.  Lane :  Water-Supply  and 
Izrigation  Paper  Ko.  80, 1899. 
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Besides  the  geDtlemen  named,  who  have  contributed  many  analyses,  I 
owe  acknowledgments  to  many  other  chemists  who  have  also  contrib- 
uted or  verified  analyses  for  me — Messrs.  Edgar  and  Mariner,  of  Chicago, 
Prof.  S.  P.  Duffield,  O.  A.  Tonnel6,  and  Oeo.  L.  Heath— and  to  resort 
proprietors,  secretaries  of  water  boards,  and  others,  too  numerous  to 
mention  here,  who  have  answered  circulars  of  inquiry. 

It  is  not  the  purpose  of  this  report  to  treat  the  general  subject  of 
water  resources  or  water  supply,  which  has  been  discussed  in  a  general 
and  somewhat  cursory  way  in  Water-Supply  Paper  No.  30,  and  will  be 
taken  up  for  the  different  localities  in  a  later  paper,  but  to  show  that 
the  chemical  composition  of  water  depends  on  the  geological  occurrence, 
so  that  &om  a  given  geological  stratum  at  a  given  depth  a  certain  kind 
of  water  may  be  expected;  and  that,  vice  versa,  the  geological  horizon 
can  be  inferred  to  a  certain  extent  from  the  character  of  the  water. 

To  physicians  and  others  who  are  interested  in  the  famous  mineral 
resources  of  the  State  in  a  practical  way,  I  would  recommend,  in  addi- 
tion, the  pamphlet  issued  by  the  State  board  of  health,  entitled  Michi- 
gan, a  Summer  and  Health  Resort,  compiled  by  Boberts  P.  Hudson, 
Lansing,  1898.  That  paper  is  fully  illustrated  and  contains  much  prac- 
tical information  about  railroad  fares,  etc.  At  the  same  time  the  pres- 
ent paper,  since  it  contains  the  most  complete  collection  of  analyses  to 
date,  may  be  of  service  in  pointing  out  waters  of  similar  character, 
among  which  a  choice  can  be  based  on  climate  or  other  considerations. 
It  will  also  assist  in  a  study  of  the  drinking-water  supply  in  connec- 
tion with  disease,  by  giving  an  idea  of  the  normal  percentages  of  chlo- 
rine, organic  matter,  etc.,  deviation  from  which  must  be  regarded  with 
suspicion. 

ECONOMIC  VALUE  OP  MINERAL  WATERS. 
MEDICINAL  PROPERTIES. 

The  various  inorganic  impurities  which  unfit  water  for  domestic  and 
ordinary  uses  may  be  of  value  from  a  medicinal  point  of  view.  Thus 
the  waters  of  many  wells  in  the  western  part  of  Huron  and  the  north- 
western part  of  Tuscola  County  are  laxative  to  men  and  cattle  not 
accustomed  to  them,  though  regular  users  may  not  experience  such 
effects.  Sodium  sulphate  is  a  common  laxative  constituent  in  Saginaw 
waters. 

The  mineral  table  waters  are  derived  from  various  sources,  largely 
sandstones  or  the  surface  gravels.  The  Moorman  well  at  Ypsilanti  is 
concentrated  to  throw  down  the  lime  salts  and  then  diluted  and  charged 
with  C02.  Other  table  waters  also  seem  to  be  diluted  salines.  The 
main  horizon  for  bathing  purposes  developed  at  Ypsilanti,  Mount 
Clemens,  Alma,  Benton  Harbor,  etc.,  is  that  of  limestones  immediately 
underlying  the  Devonian  black  shales.  In  the  Berea  formation  just 
above,  and  again  upon  eotering  the  Traverse  or  Hamilton  formation,  a 
very  salty  mineral  water,  with  gas  or  oil,  is  struck,  and  in  the  upper  Hel- 
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derberg  (Dundee  limestone)  a  water  strongly  mineralized  with  hydrogen 
sulphide.  Unfortunately  care  is  rarely  taken  to  separate  the  constitu- 
ents of  the  different  flows.  There  are  distinct  indications  that  the  first 
^'bitter"  water  struck  in  the  lower  Helderberg  contains  in  concentration 
rarer  constituents,  the  earthy  chlorides  and  H2S,  and  that  what  is 
added  below  is  mainly  salt. 

For  the  Mount  Clemens  wells  it  is  customary  to  continue  down  until 
a  satisfactory  buoyancy,  measured  with  the  salinometer,  is  obtained,  so 
that  bathers  can  feel  the  strength  of  the  water. 

The  waters  from  the  upper  Dundee  (Corniferous,  or  upper  Helder- 
berg) or  Mackinac  limestone  are  usually  strongly  sulphated,  and  even 
where  fresher  at  their  margin,  as  at  Petoskey,  they  are  still  character- 
istically Bulphureted. 

The  Big  Bapids  well  is  apparently  from  a  different  horizon,  the  Mar- 
shall sandstone,  as  encountered  in  Midland,  St.  Johns,  and  Alma  (upper 
water). 

From  these  waters  the  salts  can  be  extracted  for  medicinal  purposes, 
as  at  Ypsilanti,  Alma,  and  Big  Bapids,  or  for  their  general  value. 

SALT  AND   SODA  COMPOUNDS. 

The  production  of  common  salt  is  a  well-known  industry  of  Michigan, 
fully  treated  in  recent  reports  of  the  United  States  Geological  Survey, 
so  that  only  brief  mention  is  necessary  here.  The  State  has  produced 
altogether  about  75,000,000  barrels  (of  284  pounds),  and  in  1898  pro- 
duced about  4,171,916  barrels.  The  production  has  been  dying  out  in 
the  Sagiuaw  Valley,  as  the  supply  of  lumber  waste  for  fuel  disappeared, 
and  in  Huron  County,  once  lined  with  salt  blocks,  only  one  is  left,  the 
profit  of  which  comes  from  local  trade;  but  with  the  development  of 
local  coal  fields  the  industry  will  be  revived.  On  the  other  hand,  the 
industry  is  increasing  around  Manistee,  and  also  along  the  Detroit 
River,  fix)m  Detroit  to  Trenton,  where  the  production  of  salt  is  closely 
allied  with  that  of  soda  ash,  bleaching  powder,  etc.  This  latter  dis- 
trict is  exceptionally  favored  in  possessing  strong  pure  brines,  strong 
and  pure  limestone,  and  excellent  transportation  facilities.  Kear 
Alpena  the  same  favorable  conditions  exist,  but  that  region  is  not  yet 
developed.  It  has  been  proposed  to  mine  the  salt  near  Detroit,  instead 
of  pumping  it,  as  has  hitherto  been  the  universal  rule,  and  thus  convert 
the  dex>osit  from  a  water  resource  to  a  mineral  resource.  While  there  is 
no  law  against  pumping  the  salt  out  from  under  a  man's  property  with- 
out compensation,  it  is  illegal  to  mine  it,  so  that  pumping  has  the 
advantage  of  evading  royalties.  Newspapers  report  that  the  difficulty 
of  sinking  a  shaft  in  face  of  heavy  flows  of  water  is  the  chief  obstacle. 

BBOMINE. 

Among  the  most  important  minor  ingredients  of  the  Michigan  brines 
is  bromine.  The  analyses  from  Midland  (Nos.  281-284),  Alma  (Nos. 
327-329),  and  Big  Bapids  (No.  278)  are  noteworthy  for  this  constituent; 
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the  Saod  Beach  (Fos.  324-326)  and  later  analyses  should  also  be  com- 
pared. 

The  most  active  manafacture  of  bromine  is  at  Midland,  where  the 
brine  is  treated  for  this  product  alone  by  the  Dow  process.  The  bro- 
mine seems  to  be  concentrated  in  the  deeper  central  parts  of  the  basin, 
and  to  be  more  abundant  in  the  Marshall  than  in  any  other  formation. 

The  analyses  also  show  other  ingredients  of  value,  but  their  exploit- 
ation has  not  gone  far  yet.  The  most  promising  field  for  further  study- 
and  exploitation  appears  to  be  that  of  potash.  Patents  have  been 
issued  for  the  use  of  mother  liquors  of  brines  as  an  electric  excitant, 
and  the  use  of  calcium  chloride  in  preserving  fruit,  in  drying,  in  refriger- 
ating, and  in  the  manufacture  of  artificial  stone,  is  well  known.  The 
utilization  of  mother  liquors  has  not  gone  far  as  yet. 

DISCUSSION   OF   ANALYTICAL   STATEMENTS. 

DIFFICULTIES. 

The  analyses  given  in  this  paper  are  stated  in  various  ways,  accord- 
ing to  the  practice  of  the  chemist  who  prepared  them.  I  have  tried  to 
convert  them  aU  into  the  uniform  system  of  grams  per  kilogram  or 
parts  per  thousand.  But  it  is  at  present  practically  imi)ossible  to 
reduce  them  to  absolute  uniformity. 

In  the  first  place,  they  are  variously  stated  in  grams  per  liter,  grains 
per  gallon,  and  parts  per  thousand,  per  hundred  thousand,  or  per 
million.  In  regard  to  the  former  statements  there  are  two  uncertain- 
ties that  arise.  First,  is  the  gallon  imperial  or  United  States!  In 
most  cases  I  have  been  able  to  remove  this  ambiguity.  Second,  was 
the  specific  gravity  of  the  water  taken  into  account,  or  was  it  neg- 
lected, as  is  customary  in  potable  waters  f'  In  other  words,  was  the 
gallon  or  liter  weighed  or  measured!  Professor  Prescott  and  T.  Ton- 
nel6  state  the  results  of  their  analyses  both  in  parts  per  million  and  in 
g^ins  per  United  States  gallon,  allowing  for  the  specific  weight  of  th"e 
gallon,  although  often  only  one  statement  is  published.  Professor 
Kedzie  uses  the  imperial  gallon  of  10  pounds  (70,000  grains),  which 
is  really  a  weight,  not  a  measure.  Professor  Duffield  also  has  used 
the  imperial  gallon,  but  of  late  uses  the  United  States  gallon  of 
231  cubic  inches.  Both  weigh  the  waters  and  the  specific  gravity 
does  not  enter  into  the  computation.  Professor  Yaughan  reports 
in  parts  per  million.  The  water  .is  usually  measured  and  the  specific 
gravity  neglected,  as  his  sanitary  analyses  are  potable  waters  with 
specific  weight  usually  unity.  Occasionally,  as  at  Mount  Pleasant, 
this  introduces  a  sensible  error.  Messrs.  Edgar  and  Mariner,  of  Dear- 
bom  Ohemical  Works,  use  the  United  States  gallon  of  231  cubic  inches. 
In  doubtful  cases  the  imperial  gallon  can  often  be  recognized  by 
the  fact  that  the  figures  of  the  analysis  will  be  divisible  by  7.    In 
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most  other  caaes,  but  not  in  all,  I  have  been  able  to  ascertain  defi- 
nitely, by  personal  inquiry,  concerning  this  matter.  The  United  States 
gallon  is  commonly  used  by  the  mechanical  profession  (for  instance,  by 
the  Eailway  Master  Mechanics'  Association),  and  therefore  generally 
in  analyses  of  boiler  waters.  It  is  much  to  be  desii*ed  that  all  analyses 
should  be  stated  explicitly  in  grams  per  kilogram — i.  e.,  in  parts  per 
thousand  by  weight — ^for  even  statements  in  grams  per  liter  are  some- 
times really  in  grams  per  kilogram.  If  this  form  of  statement  is  not 
considered  so  intelligible  as  some  other  expression,  a  note  might  be 
added  calling  attention  to  the  fact  that,  neglecting  the  sx>eciflc  gravity, 
one  gram  per  kilogram,  or  one  part  per  thousand,  is  practically  1  ounce 
per  cubic  foot,  or  1  pound  avoirdupois  in  120  gallons.  1  have  restated 
most  of  the  analyses  in  parts  per  thousand  by  weight,  but,  as  a  check, 
in  the  case  of  newly  published  analyses,  have  also  given  the  original 
figures  in  italics. 

But  if  these  difficulties  are  once  surmounted  there  remains,  in  the 
second  place,  an  even  more  serious  obstacle  in  the  fact  that  the  parti- 
tion of  acids  among  bases  is  largely  a  matter  of  choice.  For  instance, 
the  bromine  is  sometimes  given  as  sodic  and  sometimes  as  magnesic 
bromide.  This  must  necessarily  be  the  case  so  far  as  real  combina- 
tions are  concerned,  and  there  are  no  universally  adopted  conventions. 
Even  the  few  laws  more  or  less  made  out,  such  as  thatCaCOais  insolu- 
ble in  a  saturated  brine,  are  not  always  followed  (see  analysis  Ko.  312). 
When  the  acids  and  the  bases  have  also  been  given  separately  I  have 
given  this  form  also,  but  such  a  statement  seems  less  suggestive;  per- 
haps were  it  more  used  it  would  not  seem  so. 

Finally,  there  is  the  fact  that  a  mineral  water,  especially  when 
charged  with  gas,  as  most  of  them  are,  is  exceedingly  unstable,  and 
when  concentrated  extremely  corrosive,  as  is  witnessed  by  the  rapid 
destruction  of  casings  and  bathroom  fixtures.  This  also  makes  analy- 
ses uncertain  and  hard  to  compare. 

Among  the  constituents  most  puzzling  in  this  respect  are  the  car- 
bonates and  bicarbonates,  especially  of  iron.  It  is  practically  impos- 
sible to  get  the  same  amount  of  GO^  from  a  carbonated  water,  and  it 
is  probable  that  more  than  three  grains  to  the  gallon  of  GaCOs  (0.04  per 
thousand)  can  not  ordinarily  exist  in  a  noncarbonated  water,  the  excess 
of  lime  shown  in  so  many  analyses  being  in  the  form  of  calcium  bicar- 
bonate. At  the  Agricultural  College,  from  the  average  of  the  results 
of  tests  by  a  class  of  from  seven  to  ten  students,  the  hydrant  water 
from  a  deep  artesian  well  contains  4.75  degrees  of  temporary  and  4.714 
degrees  of  permanent  hardness,  the  total  hardness  being  9.605.  After 
aeration  and  heating  in  the  purifier  the  hardness  was  reduced  to  1.68 
degrees  temporary  and  2.554  degrees  permanent,  or  4.237  degrees  in  all. 
A  series  of  tests  of  samples  of  lake  and  well  water  collected  by  D.  J.  Hale 
and  analyzed  for  free  OO2,  OaOOs,  and  MgOOa  by  A .  !N^.  Glark,  showed 
free  GOs  ranging  fi^m  0.0  to  66  parts  per  million,  using  phenol  phthalein 


16  LOWER   MICHIGAN   MINERAL   WATERS.  [no.3i. 

as  an  indicator.  The  same  thing  is  even  more  trae  of  iron.  According 
to  Schweitzer,'  in  a  chalybeate  water  with  much  gypsom  one-fourth  of 
the  iron  is  present  as  carbonate  and  three-fourths  as  sulphate.  Yet 
some  analyses  show  moreOaOOs  than  can  be  present  except  dissolved 
in  H2OO3. 

On  the  other  hand,  field  observations  about  mineral  wells  have  con- 
vinced me  that  in  many  cases  the  iron  has  been  precipitated  before  the 
sample  reached  the  chemist,  and  therefore  escaped  analysis.  The  effect 
of  iron  in  solution  is  so  marked  on  tea,  and  in  precipitation  as  boiler 
or  teakettle  scale  it  is  so  conspicuous,  that  the  field  observer  can  hardly 
be  mistaken  in  noticing  it.  But  the  question  may  often  arise  whether 
the  iron  is  an  original  and  essential  constituent  of  the  water  or  is 
derived  from  the  casing  of  the  well. 

Other  observations,  such  as  exhalations  and  deposits,  as  well  as  the 
quantity  and  character  of  the  boiler  scale,  etc.,  serve  as  checks  on 
analyses.  When,  as  Professor  Sherzer  has  pointed  out,  native  sulphur 
and  celestite  are  crystallized  together,  as  they  are  so  characteristically 
at  Scofield,  it  can  hardly  be  amiss  to  assume  that  a  trace  of  strontia 
was  present  in  the  sulphureted  water,  even  though  it  is  but  rarely  noted 
in  the  analyses.  In  this  connection  the  amount  of  Sr  shown  in  the 
analysis  of  Lake  Superior  water  is  noteworthy.  Among  the  analyses 
those  of  waters  from  the  Dundee  limestone  most  frequently  mention 
SrO. 

Again,  in  Michigan,  as  elsewhere,  certain  algaB  luxuriate  and  grow 
with  remarkable  rapidity  in  the  deeper  bicarbonated  waters. 

REDUCTION  FACTORS. 

Considering  all  the  uncertainties  mentioned  as  inherent  in  analyses, 
and  the  fact  that  by  various  methods  of  computation  the  number  of 
grains  to  the  United  States  gallon  varies  from  58,418.6092  to  58,372.3, 
the  approximate  reduction  factors  cited  below  are  usually  sufficiently 
accurate.  Reduction  of  analyses  from  grains  x>er  United  States  gallon 
have  been  made  by  slide  rule.  For  further  details  see  report  by  Dr. 
A.  0.  Peale,^  and  references  there  given. 

Table  of  equivalents. 

1  United  States  liquid  gallon  =231  cubic  inches =8.33888  pounds  avoirdupoiss 

58,372.3  grain8=:8  wine  pints. 

1  imperial  gallon  =277.274  cubic  inches  =r  10  pounds  ayoirdapoi8= 70,000  grains. 

1  liter =0.264179  United  States  liquid  gallon  =0.22009  Imperial  gallon. 

1  gram  ^15.432  grains. 

Approximations, 

1  part  per  thousand  by  weight =1  gram  per  kilogram,  or  (neglecting  specific 
gravity) =1  gram  per  liter=l  ounce  per  cubic  foot. 

To  reduce  grains  per  imperial  gallon  to  grams  per  liter  divide  by  70. 

To  reduce  grains  per  United  States  gallon  to  grams  per  liter  multiply  by  1.2  and 
divide  by  70. 

iMiflSouri  6«olo|^oal  Survey,  Vol.  m,  p.  19. 

*Katnral  mineral  waters  of  the  United  States,  by  A.  C.  Peale:  Fonrt^nth  Ann.  Kept.  U.  S.  G«oL 
Survey  (1892-83),  Part  U,  18M,  pp.  19-98. 
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To  reduce  grains  per  imperial  gallon  to  grains  x>er  United  States  gallon  multiply 

Rooglily,  to  reduce  degrees  salinometer  or  urinometer,  etc. : 

Urinometer  reading = excess  of  specific  gravity  over  1  in  thousandths =2  X 

salinometer  reading =8  X  per  cent  of  salt  or  the  Beaum6  reading. 
In  estimating  flows : 

1  pail  is  usually  3  gallons. 

1  barrel  is  usually  31i  gallons =4  bushels =128  quarts;  sometimes  3  bushels. 

1  cubic  foot  ^1,000  ounces  fluid  or  avoirdupois =30  quarts,  roughly. 

1  cubic  foot  per  second =30  quarts  per  second = about  150  3-gallon  pails  a 
minute= 20,000  4-bu8hel  barrels  a  day = about  650,000  gallons  a  day. 

In  the  Saginaw  Valley  the  flow  of  the  brine  wells  was  estimated  by 
Doting  the  number  of  seconds  required  to  fill  a  pail  when  pumping  as 
hard  as  possible  without  pounding.  Thus^  a  well  might  be  known  as 
an  eighth,  a  ten-,  or  a  twelve-second  well,  and  when  all  were  pumped  a 
well  of  eleven  seconds  would  fall  off  to  twenty  seconds. 

CLASSIFICATION  OF  ANALYSES. 

The  geological  occurrence  and  the  chemical  character  of  water  are 
clearly  interdependent,  so  that  with  some  probability  one  may  be 
inferred  &om  the  other.    It    has  therefore  seemed   best  to  group 
together,  for  the  purposes  of  co^iparison  and  study,  analyses  from 
geologically  similar  sources  rather  than  to  follow  the  alphabetical 
order.    The  analyses  are  generally  arranged  also  in  order  of  increasing 
concentration — i,  e.,  of  increase  in  the  total  amount  of  solids.    To  this 
rule  there  are,  however,  some  exceptions,  for  I  have  grouped  together 
analyses  of  waters  from  the  same  place  and  from  substantially  the 
same  source,  where  the  presumption  is  that  the  variation  in  concentra- 
tion is  accidental.    The  rather  large  groups  of  sanitary  analyses  of 
unknown  geological  environment,  which  I  owe  to  Professor  Yaughan 
and  to  Profs.  B.  G.  and  F.  S.  Eedzie,  being  fuller  in  some  points  and 
not  so  full  in  others,  have  been  kept  together,  so  that  they  may  be 
more  easily  tabulated  and  compared.    I  have  also  grouped  in  a  sepa- 
rate section  those  analyses  the  geological  relations  of  which  were  some- 
what uncertain,  and  which  I  did  not  therefore  care  to  make  use  of  in 
drawing  deductions  as  to  the  character  of  the  waters  of  the  different 
strata. 

GDhe  alphabetical  index  at  the  end  of  the  paper  will  enable  one  to 
study  the  variation  of  chemical  comi>osition  in  waters  from  wells  of 
varying  depths  at  the  same  place.  Among  the  places  most  instructive 
in  this  resi>ect  are  Saginaw,  Bay  Oity,  Midland,  Alma,  Detroit,  and 
Ypsilanti. 

The  waters  may  be  divided  geologically  into  waters  of  the  Great  Lakes 
system,  of  rivers  and  smaller  lakes,  of  wells  and  springs  in  the  uncon- 
solidated deposits,  and  of  wells  from  beds  above  the  Marshall  (which 
are  stronger  in  sulphates),  in  the  Marshall,  in  the  Berea  grit  (saline), 
and  in  beds  below  the  Berea  (sulphureted).  To  each  group  is  given  a 
sectiou  below. 
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lu  all  analyses  the  results  are  in  ])arts  per  tlioiisjind  (grams  ]>er 
kilogram)  unless  otherwise  stated.  Where  two  sets  of  figures  are 
given,  the  lower  refer  to  parts  per  thousand.  This  is  done  in  the  case 
of  analyses  not,  to  my  knowledge,  elsewhere  on  record,  and  for  which  I 
have  had  to  compute  the  lower  figures  from  other  forms  of  statement. 
Asa  check  the  original  figures  are  given  above  them  in  italics. 

In  all  the  sanitary  analyses  by  Professor  Vaughan  the  color  is  clear, 
unless  otherwise  stated,  the  reaction  neutral,  and  the  water  odorless, 
and  this  is  the  presumption  in  the  case  of  other  sanitary  analyses. 
Profs.  F.  S.  and  B.  0.  Kedzie  jointly  furnished  me  with  a  list  of  analyses, 
the  credit  for  which  belongs  sometimes  to  one  and  sometimes  to  the 
other. 

Carbonates  and  bicarbonates  are  entered  in  the  same  place  in  the 
tables,  the  latter  preceded  by  bi.  It  may  be  useful  to  say  that  the 
ratio  of  carbonate  to  bicarbonate  for  a  given  amount  of  the  base  found 
id:  For  lime,  100:162.02;  for  magnesia,  84.36:146.38;  for  iron  (FeO), 
116:178.02;  for  soda,  106.10:168.12,  In  a  rough  way,  there  is  half  as 
much  again  when  the  compound  is  given  as  bicarbonate  as  when  it  is 
given  as  carbonate. 


WATERS  OF  THE  GREAT  LAKES  SYSTEM.^ 


Constituent. 


1. 

Manistee 
Lake. 


CaCOi. 
CaPsOs. 
Ca804  . 


(FeAl)^. 
FeCOg  .... 
MgCOi... 

K,804 

SiO, 


(NaK)Cl 


(NaK)2C0, 

Na,S04 

Organic  matter 


Total 


5.898 
.101 


2.         , 
Masko-  , 
gon 
Lake. 


Traverse 
Bay. 


4.88S 
.084 


S.  41S 
.058 


4. 


I 


6. 


Detroit  i  Detroit 
Kiver.    I   River. 


Tr.  !{ 


Tr. 


t.S45 
.040 


1.660 
.028 
.029 
.001 


t         .029    ^ 
I        .001    / 


1.793 
.081 

Tr. 


:{ 


.992 
.005 
5.100 
.087 
.147 
.003 


13.788 
.236 


2.654 
.046 


.992 
.005 
1.02 
.017 
.209 
.004 


10.746 
.185 


2.013 
.034 


.215 
.004 
.680 
.012 
.764 
.013 


.467 
.008 


9.344 
.160 


}■ 


3.144 
.054 


0.0105 
}  .033 
'    .0311 


.664 
.011  I 


}■ 


Tr. 


1.203 
.021 


.350 
.006 
.900 
.015 
.045 
.001 


6.306 
.108 


0O75 


}  .09807 


I    .00814     I 

1} 

I     .00283 
I  .005 

} 


J 


I  Analyses  are  given  in  grams  per  kilogram,  or  parts  per  thousand .  Numbers  in  italic  are  qnanti tiea 
expressed  in  the  units  in  which  the  analyses  were  originally  published,  usually,  as  in  the  first  table, 
in  grains  per  United  States  gallon. 
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Constituent. 


6. 

Detroit 

Kiver 

(A). 


7.  8. 

Detroit!  Detroit** 
River 
(B). 


9. 


10. 


11. 


12. 


River  1^5' ^*^y  Bay  City  Bay  City     Saginaw 


(C). 


(A). 


(B). 


(C). 


Bay. 


CaO 0.0355     0.0360     0.0348     0.079072 


SQ,.. 
MgO. 
SiO,  . 
CI  ... 


Total 


0 

Tr.  , 

.0066 

.0060 

.0121 

.0127 

.0066 

.0062 

.1188 

.1184 

0    

.0056    

.0123  '    .030558 
.0089  I 

.0075  !  .058 


0.116928  0.105952   0.031136 


.049874 
.265 


.053333 
.284 


.016432 
.010 


.1140 


I 


Analyses  1  to  4  were  made  by  commercial  chemists  of  the  Dear- 
born Drag  and  Chemical  Works,  of  Chicago.  Their  primary  purpose 
was  to  determine  qnality  as  boiler  waters;  they  were  stated  in  grains 
per  United  States  gallon ;  tliey  did  not  aim  at  completeness,  and  no 
summation  was  given  in  the  original  analysis. 

!No.  1,  of  water  from  Manistee  Lake,  was  made  for  Filer  &  Sons, 
Aagnst  31, 1897.  The  water  was  probably  contaminated  by  the  large 
salt  works  there. 

No*  2,  of  water  from  Maskegon  Lake,  was  made  for  the  Electric 
Light  Company,  November  23, 1897. 

No,  3,  of  water  from  Traverse  Bay,  was  made  for  the  electric  light 
works  of  H.  D.  Campbell  &  Sons,  Aagnst  31, 1897.  Farther  analyses 
will  be  found  in  the  Appendix  (2A,  2B,  2C).  It  will  be  noticed,  on 
comparing  them  with  the  deep-well  water  supply,  analyses  Nos.  56 
and  57,  that  the  bay  water  is  considerably  less  hard.  Of  course  it  is 
more  liable  to  typhoid  contamination. 

No.  4,  of  water  from  Detroit  Eiver,  was  made  January  22, 1897,  for 
the  Schiller  Corset  Company. 

No.  5  is  an  old  analysis,  made  by  Prof.  S.  H.  Douglass  in  1854,  and 
cited  in  the  biennial  report  of  the  State  geologist,  A.  Winchell,  in  1861, 
page  204.  The  total  solids  agree  with  other  analyses,  but  the  phos- 
phates and  sulphates  are  quite  different,  though  some  phosphorus 
is  probably  often  overlooked. 

Nos.  6  to  12  were  made  by  Prof.  A.  B.  Prescott,  Nos.  6  to  8,  of  water 
from  Detroit  River,  in  conjunction  with  T.  J.  Wrampelmier,  for  the 
Detroit  board  of  Jiealth  (First  Annual  Report,  1882,  pp.  229-238). 
Further  analyses  will  be  found  in  the  Appendix  (Nos.  6A,  .6A,  7A). 

No.  6  is  of  water  from  a  West  Fort  street  hydrant  at  Detroit;  No.  7 
of  water  from  the  pumping  well,  and  No.  8  of  water  from  the  river  at 
the  inlet  pipe  of  the  Detroit  pumping  station. 

Nos.  9  to  12  were  published  in  a  special  report  to  the  board  of  water- 
works of  Bay  City,  October  24, 1885,  the  waters  of  Nos.  9  to  11  being 
taken  from  manholes  Nos.  4,  2,  and  1,  respectively,  in  the  pipe  leading 
from  the  pumping  station  on  the  bay  shore  to  Essexville.  One  object 
of  the  investigation  was  to  see  if  the  water  was  contaminated  in  the 
transit  by  any  waste  of  salt  manufacture. 
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Sample  No.  12  was  taken  about  2  miles  north  from  the  mouth  of 
Kawkawlin  Biver,  and  1^  miles  fir<An  the  west  shore  of  the  bay,  in  water 
16  feet  deep,  September  27.  This  also  contained  0.04  per  million  parts 
of  firee  ammonia  and  0.15  of  albuminoid ;  it  redaced  permanganate  very 
slightly,  was  colorless  and  odorless,  as  were  all  the  samples,  bat  the 
residue  blackened  slightly  on  ignition. 

AfMlyaes  of  water  from  Saginaw  Bay  near  Bay  City. 


Ammonia  free 

Ammonia  idbaminoid 
Permanganate  re- 
duced  tf. 

Color 

Chlorine 


13. 

14. 

15. 

18. 

17. 

0.00007 
.00011 

0.00016 
.00012 

0.00006 
.00008 

0.00007 
.00017 

0.00004 
.00022 

2 
Colorless. 

.012 

1 
Colorless. 

.010 

4 
Nearly 
colorless. 
.020 

7 
SUght. 

.072 

8 

Peroepti* 

ble. 

.072 

18. 


0.00008 
.00016 


Distinct. 
.039 


Ammonia  free ...... 

Ammonia  albuminoid 
Permanganate  re- 
duced  

Color 

Chlorine 


19. 


20. 


0.00007 
.00016 

6 
Distinot. 

.235 


0.00004 
.00022 

2 
SUght. 

.226 


21. 

22. 

28. 

0.00002 

0.00003 

0.00005 

.00007 

.00024 

.00024 

6 

8 

7 

Very 

SUght. 

Distinct. 

sUght. 

.221 

.200 

.061 

24. 


0.00004 
.00012 


Colorless. 


.010 


Besides  analyses  Nos.  9  to  12  and  the  Saginaw  Biver  analysis 
(Ko.  45)  below,  Professor  Prescott  made  a  number  of  tests  for  ammonia, 
free  and  albuminoid,  and  chlorine  (analyses  Nos.  13  to  24).  Prescott 
pronounced  the  waters  of  analyses  Kos.  12, 13,  14,  24,  which  are  aU 
taken  from  Saginaw  Bay,  more  than  a  mile  from  the  shore  and  in 
water  over  10  feet  deep,  to  be  suitable  for  city  use.  Analyses  I^os. 
19  to  22,  of  water  taken  from  the  waterworks  system,  are  not  satis- 
factory, the  organic  matter  being  on  the  limit  of  safety,  and  the 
chlorine,  which  is  probably  not,  however,  of  organic  origin,  far  too 
high.  These  should  be  compared  with  analyses  l^os.  32  and  33,  of 
water  from  the  same  system,  made  by  Prof.  Y.  0.  Yanghan*  Samples 
Kos.  15,  16^  17,  18,  and  23,  taken  from  the  bay  nearer  the  pumping 
station  and  the  shore,  are  not  quite  satisfactory,  and  though  they  con- 
tain less  chlorine  the  quantity  is  still  abnormally  large,  while  Saginaw 
Eiver  water  Ko.  45,  West  Bay  City  waterworks,  is  entirely  unfit  for 
use.  The  exact  locations  from  which  the  waters  of  these  analyses  were 
taken  are  as  follows: 

No.  13,  about  1  mileNNW.  from  the  mouth  of  the  Kawkawlin  Biver, 
ill  water  11  feet  deep,  July  23, 1885. 

No.  14,  about  4  miles  NE.  from  the  mouth  of  the  Saginaw  Biver,  in 
water  21  feet  deep,  July  24, 1885. 
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No.  15,  aboat  3^  miles  E.  from  the  moath  of  the  Saginaw  Biver  and  1 
mile  N.  from  the  present  inlet  works,  in  water  10  feet  deep,  Jnly  23, 
1885. 

No.  16,  inlet  cnt  of  the  present  works  at  the  onter  end  of  breakwater, 
July  23, 1885. 

No.  17,  the  inlet  basin  at  the  bay,  at  the  outer  end  of  the  pipe  leading 
to  the  pumping  station,  July  23, 1885. 

No.  18,  same  point  as  sample  No.  17,  August  11, 1885;  turned  very 
black  on  ignition. 

No.  19,  well  at  pumping  station,  inner  end  of  pipe  leading  from  the 
bay,  August  11, 1885. 

No.  20,  hydrant  near  the  corner  of  Fourth  and  Water  streets,  August 
14,  1885. 

No.  21,  hydraut  near  the  corner  of  McGraw  avenue  and  Harrison 
street,  August  14, 1885. 

No.  22,  same  point  as  sample  No.  20,  but  when  there  was  a  large 
quantity  of  sediment  from  flushing  the  pipesj  sample  taken  August 
22,1885. 

No.  28,  a  point  3,000  feet  NNE.  from  the  present  inlet  basin,  in  water 
li  feet  deep,  September  25, 1885. 

No.  24,  a  point  5,500  feet  NNE,  from  the  present  inlet  basin,  in  water 
10^  feet  deep,  September  25, 1885;  blackened  slightly  on  ignition. 
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aLlquefftction. 

Analyses  25  to  33  are  sanitary  analyses  by  Prof.  Y.  G.  Yanghan,  made 
at  Ann  Arbor.  The  dates  and  the  original  nambers  (in  parentheses), 
the  results  of  microscopic  examination,  etc.,  are  as  follows: 

No.  25  (259),  April  19, 1895,  water  said  to  be  from  the  bay,  i.  e.,  the 
upper  part  of  the  Detroit  River  (t);  reaction  faintly  alkaline;  this  is 
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exceptionally  low  in  solids,  though  it  checks  in  chlorine  fairly  well 
with  analysis  No.  4. 

No.  26  (230),  August  21,  1894;  water  ^- musty  alkaline,  microscope 
shows  nematoid  worms,  ova,  vegetable  debris,  desmids,  diatoms,  infu- 
soria, bacteria." 

No.  27  (255).  This  and  the  two  following  analyses  form  a  set  of 
three,  dated  by  Professor  Yaughan  March  3, 1895.  At  the  waterworks 
I  was  told  that  Professor  Kedzie  made  a  set  of  three  analyses,  which 
had  been  lost — one  of  the  river  water  above  town,  one  of  the  river 
water  below  the  town,  and  one  of  water  12  miles  out  on  Lake  Haron. 
I  suspect  that  these  are  the  analyses  referred  to,  and  that  No.  27  is  of 
water  at  the  town,  No.  28  of  water  from  St.  Clair  River  below  the 
town,  and  No.  29,  which  is  much  more  free  from  organic  matter,  is  the 
one  of  water  from  out  on  Lake  Huron.  No.  27  (255)  was  milky  colored 
(in  1897  when  I  visited  the  plant  the  water  was  slightly  turbid  from 
clay  dredging),  smelled  musty,  gave  an  alkaline  reaction,  and  the 
microscope  showed  wood  fiber,  algsB,  unicellular  plants  and  animals, 
inorganic  deposits,  and  much  vegetable  debris.  On  November  3, 1892, 
a  test  (165)  showed  granular  sediment  7.3^  hardness,  0.002  chlorides, 
0.00007  free  and  0.00012  albuminoid  ammonia,  5,840  bacteria  in  seventy- 
two  hours,  and  no  inoculation  efi'ect. 

No.  28  (256),  also  milky  colored,  musty,  alkaline,  with  algae,  wood 
fiber,  inorganic  dei)osits,  much  vegetable  debris,  unicellular  plants  and 
animals. 

No.  29  (257),  also  milky,  musty,  alkaline,  with  wood  fiber,  algse,  uni- 
cellidar  plants  and  animals,  vegetable  debris,  inorganic  deposits. 

No.  30  (81),  taken  from  the  hydrant  at  Alpena  (a  town  using  Lake 
Huron  water),  June  10,  1890;  microscope  shows  fresh-water  algae, 
white  amorphous  material,  red  spores  of  algae,  streptococci,  oscillators, 
and  bacilli;  the  extreme  hardness  reminds  one  that  limestone  crops 
out  abundantly  around  Alpena. 

No.  31  (93)  Wyandotte  waterworks,  November  12, 1890.  These  works 
draw  water  from  the  Detroit  Biver  below  Detroit,  and  there  has  been 
considerable  complaint  as  to  the  prevalence  of  typhoid  fever.  At  100 
diameters  magnification  crystals,  algae,  and  yellow  and  white  amorphous 
matter  are  visible;  at  500  diameters,  crystals  of  NaOl,  silica,  fibers, 
algae,  Yorticellae,  yellow  and  white  amorphous  matter. 

No.  32  (90)  from  Bay  City  hydrant,  November  4,  1890;  not  clear, 
smells  slightly  fishy.  Under  100  diameters  the  microscope  shows  dia- 
toms, algae,  animalculae,  fibers;  under  500  diameters,  Navicula,  Para- 
mecia,  Pinnula,  Conferva. 

No.  33  is  a  duplicate,  same  source  and  time  and  similar,  but  also 
shows  desmids  and  Yolvox.  These  two  analyses  are  directly  compar- 
able with  Prescott's  analyses,  Nos.  19  to  22,  and  show  a  similar  large 
amount  of  chlorine. 

It  will  be  noticed  that,  while  the  water  of  the  Q-reat  Lakes  is  not 
so  hard  as  many  of  the  waters  described  later,  it  is  usually  charged 
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with  more  GaCOa  than  can  be  taken  up  without  an  excess  of  OOt,  viz, 
more  than  0.034  ounce  per  cubic  foot.  The  effect  of  the  salt  industry 
in  charging  the  shallow  Saginaw  Bay  with  chlorides  is  well  brought 
out,  the  normal  amount  of  salt  being  probably  0.010  to  0.007.  The 
effect  of  the  salt  industry  of  Manistee  seems  also  to  be  traceable  in 
the  chlorides  of  Manistee  Lake. 

THE  WATER  OF  LAKE  SUPERIOR. 

As  none  of  the  analyses  given  above  were  exhaustive  and  none  were 
made  with  extreme  care,  it  seems  worth  while,  especially  in  connection 
with  the  question  of  the  distribution  of  the  rarer  elements,  to  add 
the  following  analysis  of  Lake  Superior  water  (No.  34)  made  in  1887 
by  W.  F.  Jackman,  then  a  student  in  the  University  of  Michigan, 
now  professor  of  pharmaceutical  chemistry  in  Maine  State  CoUege, 
Orono,  Me,* 

The  sample  for  aDalysis  was  obtained  daring  the  sammer  of  1886,  by  Captain 
Mooney,  of  the  steamship  India,  about  50  miles  from  Keweenaw  Point,  at  a  depth  of 
50  feet,  and  was  sent  to  the  university  laboratory  in  a  large  oarboy.  There  was  also 
secured  at  the  same  time  with  this  sample  a  sample  from  Lake  Huron,  which  it  is 
regretted  certain  considerations  compelled  to  be  laid  aside  unexamined. 

The  analysis  of  the  sample  of  Lake  Superior  water  was  not  made  until  the  latter 
part  of  December  and  first  of  January  following  its  collection.  Although  the  car- 
boy contained  over  18  liters  of  .water,  yet  the  small  amount  of  inorganic  solids 
(only  57.61  milligrams  per  liter)  rendered  this  seemingly  large  amount  of  water 
really  smaU  for  all  the  necessary  estimations  and  duplicates,  so  that  economizing  of 
material  had  to  be  studied  from  the  very  first. 

Among  the  precautionary  methods  employed  was  the  frequent  use  of  ammonium 
flaoride  (in  platinum  crucible)  after  the  usual  final  weight  taken  in  gravimetric 
work — the  whole  thing  being  then  reweighed,  and  this  last  weight  taken  as  the 
tme  one — the  first  weight  being  simply  a  check. 

With  the  fact  of  the  slight  solvent  action  on  glass  or  porcelain  of  large  quantitiee 
of  boiling  liquids — even  of  distilled  water — all  are  familiar ;  but  this  is  generally 
ignored  a.H  an  insignificant  amount.  That  it  really  becomes  an  Important  factor  in 
work  such  as  the  present  (involving  large  quantities  of  water  with  very  small  resi- 
dues) Thorpe,  Fresenins,  and  others  have  shown  by  definite  experiments.  In  the 
present  work  the  correction  necessary  from  this  cause  was  generally  inconsiderable, 
but  not  always;  e.  g.,  in  determinations  of  magnesium  one  sample,  weighed  as 
magnesium  pyrophosphate,  gave  48.3  milligrams  before  ignition  with  ammonium 
fluoride,  while  after  such  ignition  it  weighed  only  41.6  milligrams,  a  loss  of  6.7 
milligrams.  Another  sample  of  magnesium  pyrophosphate  lost  5.2  milligrams,  in 
both  cases  firom  3  liters  of  water.  Of  course  care  was  taken  that  loss  did  not  occur 
from  the  crucible  being  uncovered  or  from  spurting  through  sudden  applications 
of  heat,  etc.  In  estimation  of  sulphuric  acid  (as  barium  sulphate)  after  ignition,  to 
expel  slight  excess  of  ammonium  fluoride  and  the  silicon  fluoride  formed,  the  resi- 
due was  treated  with  a  drop  of  sulphuric  acid  and  f  eignited.  In  the  case  of  alumina 
and  ferric  oxide  estimation  there  is  generally  present  a  small  amount  of  silica  which 
has  escaped  separation  in  its  usual  place ;  hence  the  silica  found  here  was  added  to 
the  total  silica  obtained  in  the  regular  estimation  of  that  constituent.  This  silica 
found  with  alumina  and  ferric  oxide  may  properly  be  thus  regarded  as  wholly 
belonging  to  the  total  silica  of  the  sample,  as  very  little  liquid  is  operated  on  after 


1  Proc.  Mich.  Fharinaoeutioal  Association,  Afth  year,  p.  110. 
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the  regnlar  separation  of  Bilioa  before  the  separation  of  alnmina  and  ferric  oxide 
take  place. 

Evaporation  was  carried  on  in  broad,  shaUow,  l-liter  porcelain  dishes,  covered 
with  a  funnel  of  special  design  with  an  incurved  rim,  made  to  set  snugly  (but  unfor- 
tunately not  air  tight)  upon  the  rim  of  the  evaporating  dish. 

I  say  unfortunately  not  air  tight,  for  Mallet  has  shown  that  the  flame  of  the 
Bnnsen  burner  in  time  produces  quite  appreciable  amounts  (when  fine  work  is  con- 
sidered) of  (NH4)2S04  aud  that  unless  the  evaporating  dish  is  kept  tightly  covered, 
danger  of  error  from  this  cause  is  likely  to  occur.  (See  Mallet's  Report  on  Water 
Analysis  -in  the  Report  of  National  Board  of  Health,  1882,  p.  194,  where  he  shows 
that  nitrogen  determinations  by  Frankland's  combustion  process,  as  ordinarily  con- 
ducted, give  too  high  results  from  this  cause.)  Mention  of  this  is  made  here  only 
to  indicate  that  this  might  possibly  somewhat  affect  the  determination  of  sulphuric 
acid. 

To  the  nozzle  of  the  fhnnel  was  attached  a  rubber  tube  connected  with  a  water 
section  pipe.  This  served  to  create  a  rarefaction  above  the  evaporating  water,  thereby 
increasing  the  rate  of  evaporation  and  permitting  the  use  of  the  lower  temperature. 
Any  stoam  failing  to  pass  off  through  the  pump  because  of  oondensation  on  sides  of 
the  funnel  could  not  run  back  into  the  dish,  but  was  caught  by  the  incurved  rim 
of  the  funnel.  Extraneous  particles  of  dust,  etc.,  were  also  thus  excluded.  When 
total  solids  were  to  be  estimated  evaporation  was  in  no  case  continued  to  dryness; 
but  the  liquid  concentrated  to  about  200  cubic  centimeters  was  careftilly  transferred 
in  portions  to  a  large  platinum  evaporating  dish,  with  subsequent  thorough  rinsing 
with  distilled  water,  the  whole  evaporated  to  dryness,  dried  in  the  air  bath  at  100^ 
C.  for  three  hours,  cooled  in  a  desiccator  over  sulphuric  acid,  and  weighed  for  total 
solids.  Five  such  determinations  were  made.  The  residue  was  ignited  at  low  red 
heat  for  about  two  hours  to  constant  weight,  cooled,  and  weighed  as  total  inorganic 
solids.  In  a  few  cases  this  latter  residue  was  treated  with  (NH4)s  COa  in  solution, 
reheated,  and  weighed  again ;  but  the  increase  averaging  only  0.6  milligrams  per 
liter,  this  operation  was  subsequently  neglected,  although  account  was  taken  of  it 
in  final  results. 

One  and  one-half  liters  were  concentrated  by  evaporation,  transferred  to  platinum 
dish  and  eyaporated  to  dryness,  weighed,  ignited,  and  weighed  again,  as  described 
above,  for  total  solids  and  inorganic  solids.  The  residue  was  then  examined  quali- 
tatively, by  the  usual  methods,  with  good  tests  resulting  for  Al,  Fe,  Ca,  Sr,  and  Mg 
(rather  fainter  test).  The  flame  test  showed  Na  but  no  K,  which  occasioned  some 
surprise.  Through  the  kindness  of  Prof.  L.  W.  Langley,  the  aid  of  his  spectroscope 
and  his  personal  assistance  were  secured  to  identify  any  of  the  rarer  metals  that 
might  be  present — it  being  thought  that  Li  at  least  might  be  present;  but  nothing 
was  found  that  had  not  been  already  identified,  except  that  faint,  evanescent  flashes 
of  E  were  seen. 

Thinking  that  previous  estimatfon  of  total  solids  and  consequent  protracted 
ignition  of  this  sample  might  possibly  have  affected  the  spectroscopic  result  some- 
what, two  or  three  fresh  trials  were  made  on  concentrated  solutions  before  full 
evaporation,  but  with  no  different  results. 

Pb  was  tested  for  in  a  large  8-inch  test  tube  full  of  the  sample  (after  acidnlation 
with  1  to  2  drops  of  acetic  i^cid)  by  addition  of  a  drop  of  solution  of  EsCrsOr  with 
no  result.  Cu  was  t<ested  for  in  a  similar  manner  with  1  to  2  drops  of  solution  of 
EiFeCyit  and  allowed  to  stand  (^ver  night,  when  a  very  faint  green  or  greenish-blue 
tint  was  apparent,  evidently  due  to  Fe  only.  Mn  was  tested  for  by  PbOa  and  HNO3 
(in  concentrated  solution),  with  no  result. 

Fair  tests  for  HCl  and  H2SO4  were  obtained.  CI  water  and  CSs  showed  scarcely 
definable  traces  of  Br,  and  (NH4)8M04  in  HNO3  solution  gave  no  distinguishable 
trace  of  H3PO4,  and  no  I  nor  TiOa  was  found,  all,  of  course,  worked  for  from  concen- 
trated solutions.    Most,  if  not  all,  nitrates  and  nitrites  would  have  been  destroyed 
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by  ignition  in  presence  of  organic  matter  and  were  therefore  not  looked  for  at  this 
point.  (See  nnder  qnantitative  work.)  In  reference  to  the  comparatiTely  few  ele- 
ments fonnd^  it  is  to  be  remembered  that  different  results  might  reasonably  have 
been  expected  conld  larger  qoantities  of  the  water  have  been  spared  for  such  work. 
For  qaaDtitative  work  in  each  case  3  liters  were  taken  and  evaporated  to  dryness, 
after  acidnlation  with  HCl  and  SiOs,  separated  in  the  nsnal  way,  with  care  against 
high  heating  and  oonseqneDt  danger  of  partial  reanion  of  separated  SiOs  with  the 
basee.  Fe^Os  and  Al^Os  were  precipitated  from  the  filtrate  by  boiling  with  fair  excess 
of  HH4OH  (in  presence  of  NH4CI)  and  the  united  oxides  weighed.  The  Fe  was  snbse- 
qoently  subtracted,  after  Tolnmetric  estimation  by  Oudemans'  method  (i.  e.,  by 

,Q  NaaSsOa  in  presence  of  CUSO4,  with  a  drop  of  KCyS  as  indicator)  and  also  by  the 

excellent  method  described  in  Professor  CheeTcr's  Laboratory  Notes  (Fart  I,  p.  27, 
and  Part  II,  p.  6),  by  reducing  FcsCU  to  FeCls  in  boiling  HCl  solution,  by  means  of 
SnCli  carefully  added  from  burette,  and  any  excess  of  SnCU  taken  up  with  HgCls  and 

n 
the  FeClj  titrated  with  tq  EsCr«OT.     Al  and  Fe  were  also  directly  separated  by 

pouring  into  boiling  KOH  in  excess,  after  the  method  of  Fresenius. 

Ca  and  Sr  were  precipitated  together  from  the  filtrate  from  Fe  and  Al  by  addition 
of  (NH4)3C304  and  (NH4)8COs,  the  combined  precipitates  carefully  heated  in  plati- 
num crucible  by  playing  back  and  forth  underneath  a  small  flame  and  oarefuUy 
noting  the  change  in  color  of  the  precipitates.  After  thus  working  to  constant 
weight,  the  residue  was  tested  with  a  bit  of  moistened  turmeric  paper  to  see  that 
no  reduction  to  oxides  had  occurred. 

The  Ca  and  Sr  were  then  separated  by  the  method  of  H.  Rose  (given  by  Fresenius) 
by  precipitating  with  (NH4)2S04,  filtering  hot,  and  continued  washing  with  con- 
centrated solution  of  (NH4)8S04  until  filtrate  showed  no  test  with  (NH4)8C<04. 
This  filtrate  after  concentration  was  reworked  for  Ca  by  reprecipitation  with 
(NH4)3Cs04.    The  Sr  was  treated  similarly  to  BaS04  And  weighed  as  SrS04.    After 

weighing  Ca  as  CaCOs,  in  addition  to  the  precautions  mentioned  above,  the  precipi- 

n 
tate  was  in  each  case  dissolved  in  excess  of  boiling  <q  H3SO4,  to  expel  COs,  and  the 

n 
exceas  of  HsS04  neutralized  by  —  KOH,  with  phenol  phthalein  as  indicator,  and  Ca 

recalculated  as  a  check. 

Mg  was  precipitated  from  the  filtrate  from  Ca  and  Sr  in  the  usual  way,  as  NH4MgP04 
and  weighed  as  MgaPgOT.  Double  precipitation  of  the  Ca  and  Sr  was  performed  in 
each  case  to  insure  separation  of  Mg. 

One  liter  was  taken  in  each  case,  and  the  Na  separated  and  weighed  as  NaCl,  and 
then  dissolved  in  water,  and  the  CI  estimated  with  standard  solution  AgNOs,  and 
Na  recalculated.  The  method  for  separation  followed  is  the  one  used  for  separation 
of  K,  recommended  by  the  Association  of  Official  Agricultural  Chemists,  1886  (Dept. 
Agriculture,  Div.  Chem.,  Bull.  No.  12).  The  principle  is  familiar,  1.  e.,  the  removal 
of  bases  and  HsS04  by  boiling  with  Ba(0H)3  and  a  little  BaCUy  filtering,  and  remov- 
ing Oa  by  (NH4)9C304  and  the  excess  of  BaCU  by  (NH4)9C03,  the  evaporated  residue 
ignited,  dissolved,  filtered,  acidulated  with  a  drop  of  HCl,  ig^ted,  and  weighed  as 
NaCl,  and  treated  as  above.  Great  care  and  practice  seem  essential  to  obtain  any- 
thing like  closely  concordant  results.  In  the  following  table,  because  of  consider- 
able divergence  in  the  gravimetric  results,  only  the  volumetric  results  are  considered, 
the  average  of  all  being  taken.  That  appreciable  quantities  of  NaCl  may  be  lost  by 
several  minutes'  Ignition  at  red  heat  is  shown  by  Fresenius's  experiments. 

HsS04.  The  precipitate  in  the  preceding  results  for  Na  (thrown  down  by  Ba(0H)8 
and  BaCls)  was  treated  with  HCl  in  excess  in  hot  solution,  thoroughly  washed  and 
treated  as  usual  for  BaS04. 

HCl.  One-hal  f  to  one-fourth  liter  was  concentrated  to  about  100  cubic  centimeters 
and  the  CI  estimated  by  AgN0:<,  with  K3Cr04  as  indicator.    Two  strengths  of  the  solu- 
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tion  of  AgNOs  were  tried ;  No.  1,  1  onbic  centimeter  of  the  solution  =  1  milligram 
CI;  and  No.  2,  1  cabio  centimeter  of  the  solution  =  0.1  milligram  CI. 

Combined  CO2.  250  cubic  centimeters  was  concentrated  to  about  100  cubic  centi- 
meters, and  moderate  excesses  of  ~  H4SO4  run  in  firom  burette,  and  the  solution  was 

boiled  to  free  it  from  COs.    Then  excess  of  acid  was  neutralized  with  ^  KOH  with 

phenol  phthalein  as  indicator.  Fresenius  recommends  HNO3  with  tincture  cochineal 
indicator;  but  probably  through  inexperience  in  its  use  the  results  were  not  thought 
to  be  so  satisfactory  as  the  method  mentioned  aboye.  I  am  aware  that  the  method 
adopted  is  open  to  very  serious  objections,  not  the  least  of  which  is  the  danger  of 
loss  of  HCl  and  HNOs  on  boiling  to  expel  CO9.  It  was  attempted  to  avoid  this  and 
the  consequent  higher  results  as  much  as  possible  by  working  to  get  the  approxi- 
mate point  with  the  standard  alkali  with  turmeric  indicator  before  boiling,  and 
then  finishing  in  the  usual  way.  It  will  be  observed  that  if  all  the  HCl  and  HNO3 
were  lost  it  would  increase  the  reading  for  COs  about  1.7  milligrams  per  liter.  It 
would,  on  the  whole,  perhaps  have  been  better  to  have  used  the  theoretically  much 
better  method  of  liberating  the  CO2  by  acidulation  in  closed  flasks  and  absorbing 
the  CO3  in  KOH  bulbs  or  stAudard  Ba(0H)8  solution  by  Pettenkofer's  method.  This 
was  not  tried,  however,  from  fear  of  loss  in  transferring  from  evaporating  dish  to 
flask. 

The  specific  gravity  of  the  dish  of  water  was  taken  by  the  spherical  specific- 
gravity  bottle  used  in  this  laboratory,  and  both  distilled  water  and  the  sample  were 
brought  to  270  C.  before  filling  the  bottle. 

In  the  following  table  all  the  results  are  the  average  of  results  obtained  and  in 
no  case  the  result  of  a  single  estimation. 

All  results  are  given  in  parts  per  million ;  or,  what  is  the  same  thing,  milligrams 

per  liter. 

S4.  Lake  Superior  water, 

Speciflo  gravity  (at  27°  C) 1.0004 

Total  reeidae • S9.97 

Inorganio  residue 67.61 

Loss  on  i^ition 12. 36 

Organic  determinations : 

Free  ammonia 061 

Albnminoid  ammonia 12 

Oxygen  oonsamed 1.77 

Hardness : 

Temporary a48.57 

Permanent a38.28 

Inorganic  constituents :% 

Al,Os=  0.90  Al     =     .48 

FesOs=  0.09  Fe     =     .69 

CaO    =17.98  Ca     =12.80 

SrO     =   1.60  Sr     =   1.84 

MgO  =  4.63  Mg    =  2.78 

Ka,0=  4.29  Na    =  3.18 

KtO         Very  faint  trace.  K  Very  faint  trace. 

8O1     =3.11  SO4   =  8.78 

SiO,   =  6.73  SiOs=  8.53 

Bs  Trace.  B,  Trace. 

CI       =  2.43  CI      =  2.43 

N,04  =  0.00  

NjOb  =0.67  N,0|=     .77 

CO,    =16.30  COg  =?|^ 

58.96 

The  purpose  of  this  second  set  of  figures,  with  bases  reported  as  free 
elements  and  the  acids  as  acid  radicals,  is  that  the  total  results  thus 
obtained  may  be  compared  with  the  inorganic  residue. 

a  In  parts  per  miUion,  not  in  degrees. 
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WATERS  OP  RIVERS  AND  SMALL  LAKES. 


Conatitaent. 


35. 
Battle 
Greek. 


CaCO, 

CaSO* 

(AlFe)^.. 

MgCO,  .... 

MgS04 

(NaK),COx. 

(NaK)Cl... 


I 

{ 


{ 


S.679 
.063 

1.494 
.025 

Tr. 

S.85S 
.049 


I 


36.  37. 

Owosso.   Jaokaon. 


SiO, 


{ 
{ 


{ 


6.041 
.103 

1.S94 
.034 
.068 
.001 

6.015 
.086 


8.66g 

.148 

t.4S0 

•  .043 


}    Tr. 


4.964 
.073 


1.770 
.030 

1.090 
.017 
,S80 
.007 


i.ns 

.021 

.023 
.459 
.007 


I 


PfO* 

Ammonia,  free  . 
Ammonia    albo- 

minoid 

Organic  and  vol-    ( 


.575 
.006 
l.SOO 
.021 
.687 
.009 


88. 
Ann  Ar- 
bor, 


39. 
Shiawaa- 


40. 
Caas. 


7.496 
.128 

5.810 
.099 

Tr. 


4.866 
.083 


J} 

I 


0. 1090    I    0. 1130 


1.458 
.025 
.900 
.015 

1.848 
.023 


.0061 

U 

||    .1789 

.0369 

}•■ 

\    .0231 

\    .0691 

I      Tr. 
I      .00011 


atSle. 
Total 


.818 
.014 


.818 
.014 


Hardness. 
Chlorine. 


{ 


13.014 
.205 


16,362 
.279 


.00054 


Tr. 

17.619 
.300 


.^i5 
.014 


f9.5$5 
.387 


}■ 


}-• 


423 


16. 0° 
.0140 


.(1070 

.03322 
.0809 


.02405 
.0470 


41. 
Chippe- 
wa. 


0. 1314 
.0816 
.0094 


.00015 
.00054 


a. 2552 

7.50 
.0146 


.0504 
.0140 


.2860 


a  Inorganic. 


CoBstitnent. 

42. 

Sagi. 

nawW. 

43. 
Sagi- 
naw B. 

44. 
Tittaba- 
wassee. 

45. 

Bay 

City. 

Constituent. 

42. 

Sagi- 

nawW. 

43. 
Sagi- 
naw E. 

44. 

Tlttaba 
wassee. 

45. 

Bay 

City. 

CaCQ. 

CaO 

0.134 

0.11057 

0.138 

Ammonia, 
free 

Ammonia  al- 
baminoid . . 

Total  iu- 

0.000256 
.000440 

Tr. 
0.00025 

0.78624 

0.00048  0.000104 

CsSOa 

.01788 
.0611 

.04008 
.0843 

(FeAJ)^.... 

MgCO, 

MffO 

.007 
.04678 

.000431  .000350 

.42438 
8.00 
.027 

.36468 

1 

1     -"^K^ 

.02968 
.028 
.0814 
Tr. 

.01944 
.078 
.0581 
Tr. 

.0084 
.1002 
.0444 

organic  ;    .  32686  .  34509 
HardneAH         in  Ro       a  10 

MgS04 

sio, 

Chlorine 

.0494  .  .0373 

.072 

KaCl 

PjOk 

Tr. 

I              1 

■* t*"**  ....--.-. 

1 

1 

. 

Ajxalyses  35A  and  35B  in  the  Appendix  are  of  water  from  Board- 
man  Biver  near  Traverse  City,  the  former  made  by  R.  C.  Kedzie  and 
the  latter  by  the  Dearborn  Drug  and  Chemical  Works,  and  they  agree 
in  indicating  a  relatively  soft  water. 

Analyses  Nos.  35  to  38  are  boiler-water  analyses  made  by  the  Dear- 
bom  Drug  and  Chemical  Works,  of  Chicago. 

No.  36  is  of  the  Battle  Creek  city  water  supply,  which  is  usually 
obtained  from  Lake  Goguac,  and  was  made  for  the  Advance  Thresher 
Company  on  August  6, 1897. 


28  LOWER   MICHIGAN   MINE^RAL   WATERS.  [ivo.&L 

No.  36  is  of  water  from  the  Shiawassee  Eiver  at  Owosso,  and  was 
made  for  the  Estey  Manufacturing  Company,  factory  A,  on  October 
30, 1897;  there  is  less  matter  in  solution  at  Owosso  than  farther  down 
the  river,  as  shown  by  No.  39. 

No.  37  is  of  water  from  the  Grand  Biver  at  Jackson;  and  was  made 
for  the  Withington-Oooley  Manufacturing  Company  on  February  11, 
1897. 

No.  38  is  of  water  from  the  creek  «t  Ann  Arbor  ( !  the  Huron  Kiver), 
and  was  made  for  the  Ann  Arbor  Electric  Company. 

Analyses  Nos.  39,  40,  42,  43,  and  44  were  made  by  G.  A.  Kirchmaier 
for  the  board  of  water  commissioners  of  the  city  of  Saginaw,  and  were 
published  in  the  supplement  to  the  annual  rei)ort  of  that  board  for  1892, 
pages  31^33. 

No.  39  is  of  water  from  the  Shiawassee  Eiver. 

a 

No.  40  is  of  water  from  the  Cass  Kiver. 

No.  41  was  made  by  J.  E.  Graves,  of  the  Dow  Chemical  Company; 
the  sample  was  taken  from  the  Midland  water  supply  (Chippewa  Biver) 
on  July  27, 1896.  This  analysis  is  very  like  analysis  No.  44,  of  water 
from  the  Tittabawassee  Eiver. 

No.  42  is  of  water  from  the  west-side  pumping  station,  Saginaw,  and 
its  thoroughly  unsatisfactory  condition  will  be  treated  in  a  later  paper. 
The  chlorine,  0.0494,  is  the  highest  of  the  set. 

No.  43  is  of  water  from  the  east-side  pumping  station,  Saginaw. 

Analyses  43A  to  43D,  made  by  H.  and  W.  Heim  for  S.  G.  Higgins, 
show  the  composition  of  Saginaw  Eiver  water  at  various  places  and 
the  increase  in  NaCl  and  organic  residue.  The  impurities  in  the  water 
increase  downstream.  On  the  whole  the  magnesia  and  lime  also 
increase,  although  quite  irregularly. 

No.  44  is  of  water  from  the  Tittabawassee  Eiver. 

No.  45  is  of  water  from  the  Saginaw  Eiver  at  Bay  City,  and  was  made 
by  Prof.  A.  B.  Prescott  at  the  same  time  as  the  analyses  of  the  Bay 
City  supply  (Nos.  13  to  24),  namely  in  July,  1885.  The  sudden  increase 
in  CaO  and  chlorides  together  is  due  to  contamination  by  the  waste 
bitterns  of  salt  manufacture.  The  Marshall  sandstone  yields  brines 
with  considerable  calcium  chloride.  The  amount  of  lime  carbonate  does 
not  increase  with  the  general  increase  in  mineral  matter,  but  shows  a 
strong  tendency  to  stick  at  about  one-tenth  of  an  ounce  per  cubic  foot, 
which  is  enough  to  indicate  the  presence  of  bicarbonates.  Sulphates 
of  lime  are  almost  invariably  present,  though  the  sulphate  is  sometimes 
returned  only  as  sulphate  of  magnesia.  Throughout  the  coal  basin  and 
southwest  of  it  this  salt  is  very  prevalent  both  in  wells  and  streams. 

Ten  analyses,  by  college  students,  of  water  from  a  brook  near  the 
Agricultural  College  (analysis  No.  36A  in  the  Appendix)  give,  as  an 
average  result,  a  much  softer  water  than,  most  of  the  stream  waters 
analyzed.    The  sample  was  probably  taken  after  a  rain. 

A  series  of  twenty-two  analyses  of  waters  from  marl-depositing  and 
other  lakes,  wells,  and  outlet  streams,  collected  by  D.  J.  Hale,  near 
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Cloverdale,  Barry  County,  were  made  by  A.  N.  Glark.  The  MgOOa  is 
usually  between  0.065  and  0.085  parts  per  thousand,  the  extremes  being 
0.203  and  trace.  The  amount  of  CaOOs  is  more  variable,  being  as  high 
as  0.217  and  never  less  than  0.030.  As  much  as  0.066  of  free  GO2  was 
sometimes  found,  supposed  to  be  in  addition  to  that  present  as  bicar- 
bonate. 


1 

46. 
Cadillac. 

47. 
Battle 
Creek. 

48. 
Mancelona. 

40. 
St.  Ix>ai8. 

60. 
Wayne. 

51. 
Wayne. 

Besnlt  of  inoculation .... 
Nnmher  of  bacteria  in  24 

100 

Countleefi. 

76 

- 

1,088 

Nitrites 

a000026 
.000016 

Nitntea 

Albuminoid  ammonia.... 

Tr. 

0.0000528 

Tr. 

Tr. 
0.0000533 
.000013 
26 
.0083 

0.00022 
.00015 



0.00032 
.000046 

Free  ammonia 

Permaneanate  redaced . . 

CUorineasNaCI 

.00066 

.028 

.038 

Organic  reaidne 

.040 
.060 

.080 
.100 

.288 
.246 

Inorganic  residne 

Total  reaidne 

TTwrdneea 

.100 
4.0O 

.180 
10.20 

.534 
14.  SO 

1 
............I-     -  -  

14.4° 

i 

Analyses  Nos.  46  to  51  are  sanitary  analyses  by  Prof.  V.  0.  Yaughan, 
of  Ann  Arbor,  and  are  in  general  subject  to  the  same  remarks  and 
interpretation  as  the  others  (see  p.  44). 

No.  46  (193),  water  from  Clam  Lake  near  Cadillac,  July  29,  1893; 
brownish,  musty;  microscope  shows  vegetable  fibers  and  a  few  forms 
of  animal  life. 

No  47  (294),  water  from  a  Battle  Greek  hydrant;  reacts  alkaline,  and 
under  the  microscope  shows  diatoms  and  inorganic  matter. 

No.  48  (345),  water  from  a  lake  in  Mancelona,  T.  29  N.,  R.  6  W.,  No- 
vember 17, 1896.  The  water  is  reddish  brown  in  color,  has  a  marked 
odor  and  acid  relation,  and  under  the  microscope  shows  the  presence 
of  considerable  vegetable  matter. 

No.  49  (35),  water  from  the  Pine  Eiver  at  St.  Louis;  contained  no 
pathogenic  germs. 

No.  50  (372),  water  described  as  "cloudy,  stinking,"  and  No.  61  (373), 
were  tests  of  Huron  Eiver  water  and  the  overflow  of  the  settling 
basins  of  the  Wayne  County  poorhouse,  October  25, 1897. 

\VATERS     FROM     VS^ELLS    IN     THE    UNCONSOLIDATED   DEPOSITS 

(PLEISTOCENE)    AND    PROM    SPRINGS. 

This  group  includes  those  waters  which  have  penetrated  in  their 
circulation  but  a  little  way  under  ground.  All  the  common  dug  wells 
belong  to  this  class,  and  probably  a  very  large  portion  of  the  waters  of 
the  unclassified  analyses  given  in  a  later  section. 

The  Michigan  hoard  of  health  has  issued  a  plate  showing  the  rela- 
tion that  the  depth  of  water  in  wells  bears  to  the  prevalence  of  typhoid 
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fever  duriug  the  difiereot  moDths  of  the  year.  From  April  to  June  the 
water  iti  the  wells  is,  on  an  average,  within  200  inches  of  the  sorface 
of  the  gronnd,  and  typhoid  fever  is  least  common.  By  October  the 
average  water  level  has  fallen  over  30  inches,  and  typhoid  fever  is 
most  prevalent. 

I  begin  with  analyses  which  show  only  a  small  proportion  of  mineral 
matter— considerably  less  than  1  ounce  to  the  cubic  foot — and  which 
may  be  classeil  as  pure  drinking  waters,  soft  or  slightly  hard.  Some 
of  these  waters  are  reputed  to  have  curative  powers,  but  none  have 
any  mineral  taste,  and  it  is  probable,  as  the  proprietor  of  the  Ponce  de 
Leon  spring  remarks,  that  their  virtue  lies  mainly  in  their  purity. 

As  the  percentage  of  mineral  matter  increases  the  waters,  almost 
without  exception,  become  hard,  and  are  comparable  to  the  river  waters 
in  lime  (one-tenth  to  two-tenths  of  an  ounce  per  cubic  foot),  but  contain 
more  iron  and  silica  than  the  latter.  In  these  more  mineralized  waters 
some  of  the  apparent  variety  in  the  chemical  combinations  seems  to 
be  due  to  the  fancy  of  the  chemist — for  instance,  the  presence  of  sul- 
phate of  potash  in  some  and  of  carbonate  of  potash  in  others  of  the 
Benton  Harbor  Eastman  springs.  Analyses  by  Duf&eld  are  particu- 
larly unusual  in  the  combinations  assumed. 

It  will  be  noticed  on  comparing  the  deeper  and  shallower  wells  at 
Traverse  City  (Nos.  56  and  57),  at  Holland  (Nos.  147  and  159),  and  at 
Ypsilanti  (Nos.  70  and  71),  that  no  tendency  is  seen  toward  a  greater 
mineralization  with  depth — the  rule  which  prevails  among  wells  in  the 
rock.  It  is  probable  that  a  careful  study  would  show  a  zone  close  to 
the  surface,  a  foot  to  a  few  feet  down,  from  which  the  lime  had  been 
removed  by  leaching,  for  at  Mecosta  and  other  places  I  have  found  very 
shallow,  easily  exhausted  wells  used  for  laundry  purposes.  Then  just 
below  this  would  be  a  belt  in  which  the  lime  and  iron  had  been  depos- 
ited as  a  cement  in  extra  richness,  while  lower  down  would  be  found 
waters  of  the  unaltered  drift. 

Finally,  there  is  a  group  of  waters  (analyses  Nos.  73  to  80)  which  are 
strongly  sulphated,  and,  with  the  exception  of  the  Detroit  well,  come 
from  the  same  region,  a  region  in  which  gypsum  bowlders  have  been 
found  scattered  in  the  drift.  The  exception  (No.  76)  has  more  salt  than 
the  others,  and  is  more  like  a  weak  brine.  Near  Marine  City,  on  the 
farm  of  Mrs.  E.  Gardner,  there  is  a  well  of  which  no  complete  analysis 
of  the  water  is  available,  but  which  is  said  to  contain,  out  of  a  thousand 
grains  per  gallon  solids,  more  than  half  MgS04  (Epsom  salts).  Such 
sulphated  waters  may  be  due  either  to  the  solution  of  gypsum  or  to 
the  production  of  sulphuric  acid  or  sulphates  by  the  decomposition 
of  pyrite,  which  is  abundant  in  the  drift  and  in  the  rock,  and  their 
subsequent  reaction  upon  carbonates  or  chlorides. 

The  wholesomeness  of  these  sulphated  waters  depends  largely  on  the 
individual  constitution.  Professor  Kedzie  condemned  waters  from 
Mount  Pleasant  as  too  high  in  sulphates  (and  I  should  agree  with  him) 
which  Professor  Vaughan  passed  as  good  because  fi*ee  from  dangerous 
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organic  contamiDation.  I  find,  however,  that  in  such  regions  some 
doctors  complain  of  the  prevalence  of  indigestion,  constipation,  and 
calculi. 

Belonging  to  the  gronp  of  highly  sulphated  mineralized  waters  from 
the  drift  of  the  center  of  the  State  are  probably  some  of  the  analyses 
by  Kedzie  of  waters  aroand  Saginaw  (Nos.  108  to  110),  bat  as  some  of 
those  wells  penetrate  a  few  feet  into  the  top  sandstone,  and  as  others 
draw  their  water  from  a  bed  immediately  overlying  it,  I  have  deemed  it 
better  to  treat  them  in  the  next  section,  since  it  is  not  certain  how  far 
weUs  in  the  drift  only  are  mineralized  under  that  city.  For  example,  the 
well  at  905  Court  street,  East  Saginaw,  about  80  feet  deep,  gave  in  the 
analysis  of  Dr.  Small  only  6.5  grains  to  I  liter,  or  0.42  L  part  to  a  thou- 
sand solids,  with  a  faint  CI  reaction.  The  two  Midland  waters  (anal- 
yses Nos.  75  and  77)  jre  in  practically  the  same  class. 


CoBstitaent. 


52.       I      53. 
Ponce  de    ^^^^ 


54. 

Green- 
vlU6. 


AV>s 


CaCOi 
CaS04. 


(7.t 


FeA- 
FeCQt- 
L]«C0,. 

MgCQi 


KCl 


r.f 

12312 


Tr. 


8.  SO 
.121 


,60 


I        55. 

I  Ann  Ar- 
bor (Uni- 
versity). 


56.       I       57. 
Traverse;  Traverse 
CitjHIgh!      City 
SoQOoL    (Asylum). 


9. 63 
.136 


>• 


178 


{  -z^) 


0. 128       (  ^• 

.002      ,{  ^' 
.003       / 

*  ■ 


.0029 


1.60 
.021 


S.276 
.045 


'}• 


9.768 
167 

l.SfS 

026 

.998 

005 


58. 
Pontiac. 


{ 


0.0806 
.0014 

9.6807 
.1660 


06058 


K,S04 
SiOt.. 


NaCl.. 
Ka^Os 
Ka,804 


Nitric  acid. 
Free  GO,  .. 


\     .014,/ 

Tr.       I      -^    ll       0 
A      .007  / 


.00678 
.0073 

.00448 

.00152 

.00507 


034 


4.004 
.068 


.006 
.006 


Organic 

Total 


rL75 


Total  hardness 

i  Permanent  hardness. 
j    Free  ammonia 

Albuminoid  ammonia 

1 

tfCNaorK. 


\  .030 
t8.\ 


(8.969 

153564 
7.20 


1.60 
.021 


.907 
.003 


13.00 
.183 
11.  o 
5.0 


} 


IS,  36 
.189 


.000052 
.000003 


.0015508 
.0023 


}  .28963 


.014 


{  ': 


1.997 
034 


Tr. 


{": 


a,60t 


010 


.108 

12.0 

6.0 
.00015 
.00008 


{": 


17.987 
307 


}■ 


.6096 
.0086 


{ 


.0900 
.0003 
3. 9169 
.0672 
.06990 
.0012 


{: 


.4089 
.0070 
.3090 
0053 
.9916 
.0050 


{: 


.9799 


0048 


{': 


e.9244 
0158 


16.4897 
.2826 


b  Oxygon  reduced  by  permanganate. 
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Constitaeot. 


50. 

"King 
Dmvld?' 
Benton 
Harbor. 


AV),.. 
CaCOs. 

Fe,CO, 

MgCO, 
P,0,... 


Mn.... 

MgS04 
KtSO«  . 


r      0. 117 
\       .0020 
e\A.8.1U 
\      .1390 


60. 

"Sliver 

Oneen," 

Benton 

Harbor. 


61. 


62. 
"Colo- 


63. 


Benton      Own."   i    Yeyf 


Harbor. 


Benton 
Harbor. 


hi,  6. 900 
.1166 


M.  1.298  K  f 

\      .0223]/ \ 

fbi.8.6Si  |bi.5.ff5 
\        .0605 


bi.  7. 797 
.1836 


•{ 


.0553 


WeU- 
marked 
traces. 


.Do. 


SlOt 

NaCl j{ 

NaCOi 

17a,S04 


.145 

.00244 

.688 

.0100 

.119 

.00205 


Organic 


Total 
CO,(a) 


rbl. .  676 


{"• 


698 
.2502 
36.88 


bi.  1.074 
.0184 


bi.i.049 
.018 

bi.  6. 144 
.1062 


hi  8. 886 


18.88 


.1520!  .176 


.884    I 
(a).  00402, 


.14 
.002 


}■ 


} { 


}     Tr. 


bi.  6. 896 
.1078 


bi.  1. 669 
.0267 


{ 


.117 
.0020 
.096 
.001645 
hi.  1.864 
011681      .0234 


18. 676 
.2004 
35.46 


.088    \\ 

.00145|^ 

.860    ! 

.006 

.096 

.00163 


Tr. 


8.90 
.040 


{  : 


.117 
.0020  I 
.119 
.0020 

.0176  I        .0188   /■ 
.110  ' 


.70 
.01 

.007 


64. 
"Park," 


65. 

»•  Noche- 
mo."Reed 
Ity. 


10/' Reed, 
City.     ' 


I      0.18^ 

} 


,      0.001 
bi. 


208 


.106 
\        .041 


J  01. 

i     .: 

0.03 
.008 
bi. 


r. 


020 


110 

.0003 


} 


017 
,007 


Tr. 

.014 
.014 


bi.  1.081    I  hi.. 835 
.0188 


00109 


16.649 
.2854 
37.21 


{ 


8.10 
.03 


Irbi. 

\      .033 


}• 


18.036 
.3096 
38.96 


18. 65 
.265 


I 


.378 
.027 


.378 


66. 


I 


67. 


Constituent. 


'  Mann).  I  <«Pr*°K>- 


68. 


Otsego. 


A1,0,. 
CaCO, 

CaSO« 

Pe,0|. 
FeCOg 


0.228 


{  ': 


69. 

Albion 
(War- 
ner's 

spring). 


7.60 

1 

107  ' 
r      3.80 
\        .046 
0 


bi. 


LiCl 


MgCO, 


.00468 


.08036 


K,SO« .00531 


{ 


.680 
.074 


0.244 

.011 
.036 


bi. 


0.004 

290 
058 


bi. 


.026 
.020 


bi. 


.029 


bi. 


.080 
.006 


70. 


71. 


■        72. 
VT»-«u«*i  JHobbards- 

^/^llt°^'  Ypsilantl  ton  (mag- 


(water- 
works). 


}.. 


289 

.039 
.021 

} 

Tr. 
^    .100 


(well). 


Tr. 

9.109 

.156 

IS.  948 

.223 

Tr. 


netio 
spring). 


{ 

f    IS.  948  \ 

I     .223  ir 


6.870 
.109 


0.400 


.005 


bi. 


187 
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CoDBtitiient. 


SiO,... 

KaCl.. 


KaiGO. 


Ka,S04. 
Wal 

Kitr»t«s 


Volatile  at  red  heat. 


Total 


06. 

Ann  Ar- 
bor (S. 
Mann). 


0.012 
.00488 


67. 

Wayland 
(spring). 


\t      0.66 

1^ 


000 
.00042  /      ^'^ 

.00071  i- 
Tr. 


021 


I 


Ammonia  free 

OO. 

Ammonia  albuminoid 


.025 


.37086 


.285 


68. 
Otsego. 


0.048 


}    ■ 
} 


028 


8,00 


I        .  lli  j/ 


f    97.000  \ 
\       .886  !/ 


.440 


8ciLtn. 


60. 
Albion 
(War- 
ner's 
spring). 


0.003 


.021 


.036 


rLoss. 
\       .017 


646 


70. 

Ypsilsnti 
(water- 
works). 


0.014 


036 


Tr. 
}    .071 


,570 
.00003 


.00002 


71. 

Ypsilanti 
(well). 


{ 


1. 159 
.018 


5.600 
.062 

1.056 
.017 


{  : 


.818 


OU 


{ 


86.04 
.600 


72. 

JSabbards- 
urn  (mag- 
netic 
spring). 


}  •• 


004 


}■ 


}    • 


586 


Constitaent. 


AJAPtO. 

CaSiOt 

CaCO* 

CaCJl, 

CaSo* 

FeCQi 

MgCO, 

MgCl 

lCgSO« 

KCl 

K^04 

H^iOk 

SiO» 

VmCl 

NaCOg 

I    NaSO« 

>    Ijoea  at  red  heat 

Organic 


78. 
Honnt 
Pleasant 
(water- 
works). 


74.         ' 
Monnc    ' 
Pleasant 
(water- 
works). 


Total 

Kitrites 

Kitratee 

Temporarybardnees . 

Permanent  hardness. 

CO, 

Ammonia  free 

Ammonia  albumi« 
nold 


0.620 
.120 


.018 
.100 


1.180 
Strong. 


8.0 
80.  o 


.00008 
.00002 


0.173 

1.044 

.067 


.086 


.024 


1.580 
Distinct. 
Strong. 


.003 
.00015 


75. 

Midland 
(Beardon). 


hi.  0.038 
.0443 


.0560 


.054 
1.165 


1.416 


76. 

Detroit 

(Amos  T. 

HaU). 


0.3810 


.0102 
.8476 


1100 
1045 


0237 
7252 


1.0057 


77. 

Midland 

(magnetio 
spring). 


0.025 


.080 
.064 


.031 


78. 
St.  Louis. 


0.006 
bl.    .801 


.860 
bi.  .017 
bi.     .250 


L174 


.042 
.467 


.815 
.046 
.035 


2.288 


.041 
Tr. 
bi.  1.620 


8.885 


.088 


Tr. 


IBB  31- 
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79. 

Mount 

Pleasant 

(test  well). 

80. 

Mount 

Pleasant 

(test  well). 

79. 

Mount 

Pleasant 

(test  well). 

80. 

Mount 

Pleasant 

(test  well). 

Beault  of  inoculation . 

Number  of  bacteria 
in  72  hours. ........ 

425 
Large. 

Tr. 

0.0000213 
.00012 

0.002 

120 

Very  slight 
trace. 

Tr. 

0.000072 
.000048 

0.002 

Chlorine  aa  NaOl 

Organic  residue 

Inorganic  residue 

Total  residue  . . . 
Hfi-'dness 

.1815 

.196 

-.470 

i.<r7« 

.440 
L862 

Nitrites 

Nitrates 

2.146 
2.40(f) 
Large. 

2.292 
2.ao(T) 
Large. 

Albuminoid  am- 
monia  

RnlnhfttAK 

Free  ammonia 

Permanganate  re- 
duced.  

No.  52  is  of  water  from  the  Ponce  de  Leon  spring,  Grand  Bapids, 
John  DeBoe,  analyst;  bottled  and  used  commercially  since  1848;  has 
no  color,  taste,  odor,  or  sediment;  specific  weight  at  59^  F.,  1.00465; 
fonnd  nnder  22  feet  of  clay;  contains  no  nitrites;  0.000422  (0.0246) 
nitrates;  0.000015  (0.00087)  free  ammonia;  and  0.000022  (0.00128)  albu- 
minoid ammonia.  (For  farther  notes  and  record  of  temperatures  for 
different  months  in  the  year,  see  a  later  paper.) 

Ko.  53,  F.  S.  Eedzie,  analyst  for  B.  Shay  &  Son;  water  from  320-foot 
well  at  Harbor  Springs.    (See  description  in  a  later  paper.) 

No.  54  is  of  water  from  Greenville,  February,  1888;  ftimished  by  city 
clerk.    Oxygen  reduced  by  permanganate  0.0003. 

No.  55,  Ann  Arbor,  water  from  well  on  north  side  of  campus,  70  feet 
8  inches  deep;  T.  O.  McNeill,  analyst;  temperature  50^;  biennial  report 
of  State  geologist  (Michigan),  1861,  page  203. 

No.  56,  F.  S.  Eedzie,  analyst;  nitrates,  a  slight  trace;  nitrites,  none; 
water  colorless,  odorless,  tasteless,  of  excellent  quality;. compare  with 
analysis  No.  3.  This  analysis  is  cited  in  Bafter's  rexK>rt  to  the  city 
council  of  Traverse  Oity  as  from  Park  Place  Hotel.  A  full  description 
of  the  numerous  deep-flowing  wells  of  Traverse  Oity,  of  which  this  is 
an  example,  will  be  found  in  a  later  paper. 

No.  57,  Dearborn  Drug  and  Ohemical  Works,  analysts;  primarily  a 
boiler- water  analysis;  Na  and  E,  Fcs  and  AI2  included  together.  Well 
deepened  since  analysis  was  made.  (See  description  in  later  paper.) 
The  city  is  not  suppUed  from  these  wells,  the  water  being  too  hard,  but 
from  the  bay  (Nos.  2A,  2B,  20,  and  3). 

No.  58,  J.  B.  Olark,  analyst;  Welcome  Island  lithia  water,  3  miles 
north  of  Pontiac,  in  the  center  of  Lake  Angelus. 

No.  58A,  an  analysis  of  water  from  the  Mount  Olemens  Pagoda 
springs;  analysis  of  a  much-used  similar  water  will  be  found  in  the 
Appendix;  O.  G.  Wheeler,  analyst;  temperature,  52^. 

Nos.  59  to  62  are  of  waters  from  four  out  of  the  thirty  or  more  springs 
of  H.  E.  Eastman,  1  and  2  miles  southeast  of  Benton  Harbor;  Professor 
Haines,  analyst.    The  more  mineralized  waters,  with  the  greater  spe- 
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dflc  weighty  seem  to  have  a  higher  temperature  and  perhaps  draw  from 
a  deep^  layer,  as  follows : 

Ko.  59,  water  from  King  David  spring,  Benton  Harbor;  tempera- 
ture, 50O  F.;  specific  weight,  1.000. 

No.  60,  water  from  Silver  Queen  spring,  Benton  Harbor;  tempera- 
ture, 60O  P.;  specific  weight,  1.000125. 

No.  61,  water  from  Saul  spring,  Benton  Harbor ;  temperature,  51^  F. ; 
specific  weight,  1.00025. 

No.  62,  water  from  Colonel's  Own  spring,  Benton  Harbor;  temper- 
ature, 510  F.;  specific  weight,  1.00025. 

No.  63,  water  from  Petoskey  springs,  P.  S.  Kedzie,  analyst;  12^  total 
hardness,  2^  permanent  hardness.  Compare  the  analysis  of  water  from 
the  deep  well  (No.  294)  in  the  Dundee  limestone. 

No*  64,  water  from  Alma,  C.  A.  Davis,  analyst;  originally  stated  in 
grains  per  United  States  gallon  for  the  Alma  Sanitarium.  (See  fig.  3, 
and  compare  descriptions  and  tests  of  waters  from  Alma  weUs  in  a  later 
paper.)    Temperature, 48.2<^  P.;  reaction  neutral  or  slightly  alkaline. 

No.  65,  water  from  Nochemo  spring;  E.  Fischer  and  A.  B.  Prescott, 
analysts;  original  statement  in  grains  per  United  States  gallon.  Water 
bottled  and  sold  is  from  flowing  driven  wells  in  a  river  bottom;  the  yel- 
low of  a  chalybeate  water  is  very  apparent  about  them.  The  region  is 
said  to  be  an  old  deer-ltbk.    (Compare  analysis  No.  83.) 

No.  66y  water  frrom  spring  on  land  of  Solomon  Mann;  T.  C.  McNeill, 
analyst;  temperature,. 50^  P.;  specific  gravity,  1.001.  Basis  of  sanita- 
rium for  several  years.  Biennial  report  of  the  State  geologist  (Mich- 
igan), 1861,  page  204;  Winchell,  Geology  of  Washtenaw  County 
(History  of  Washtenaw  County),  1881,  page  14.  The  CO3  is  partially 
free  and  partially  combined  acid.  The  water  from  Mount  Clemens 
Pagoda  springs  (No.  58A)  is  similar. 

No.  67,  P.  S.  Kedzie,  analyst;  Wayland  spring  water.  There  are 
many  flowing  wells  in  Wayland,  but  only  one  is  a  rock  well. 

No.  68,  cited  by  A.  C.  Peale,  Bulletin  U.  S.  Geological  Survey  No.  32; 
B.  S.  Kedzie,  analyst.  Water  contains  a  trace  of  H^S  and  8  cubic 
inches  CO2  per  gallon,  and  is  from  a  rock  well ;  the  amount  of  potash 
is  abnormal  and  reminds  one  of  the  Midland  analyses. 

No.  69,  Warner's  spring,  Albion;  D.  Pall,  analyst;  cited  by  Peale, 
Bulletin  U.  S.  Geological  Survey  No.  32,  from  Beport  State  Board  of 
Health,  1875,  page  89;  from  flowing  springs  south  of  Lake  Shore  and 
Michigan  Southern  Kailroad. 

No.  70,  P.  S.  Kedzie,  analyst;  water  from  Ypsilanti  city  waterworks; 
quality  excellent.    (See  fig.  2.) 

No.  71,  18-foot  well;  Dearborn  Drug  and  Chemical  Company,  ana- 
lysts for  the  Ypsilanti  Electric  Company;  a  boiler- water  analysis, 
originally  stated  in  grains  per  United  States  gallon. 

No.  72,  P.  (t  S.)  H.  Douglass,  analyst;  cited  by  Peale,  Bulletin  U.  S. 
Geological  Survey  No.  32. 
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So.  73,  July,  18, 1896;  No.  74,  Aug.  17, 1893.  Nos.  73  and  74  are  of 
water  from  the  Mount  Pleasant  waterworks'  40-foot  weU;  F.  S.  Kedzie, 
analyst.  Note  the  apparent  leaching  out  of  sulphates  in  course  of  time. 
This  water  is  not  used  for  boilers,  but  river  water  is  used  instead.  (See 
analysis  No.  49.)    It  leaves  a  red  coating  in  a  porcelain  dish. 

No.  75,  J.  E.  Graves  (Dow  Ghemical  Company),  analyst.  Water 
clear,  neutral,  odorless;  tested  by  A.  0.  Lane  November  2, 1897;  SO4 
moderate,  Oa  low,  CI  low;  sx>ecific  gravity,  1.001;  50^  F. 

No.  76,  water  from  well  of  Amos  T.  Hall,  Woodward  avenue,  Detroit; 
S.  H.  Douglass,  analyst,  1854,  for  board  of  water  commissioners;  cited 
from  Winchell's  biennial  report  of  the  State  geologist,  1861,  page  203. 

No.  77,  water  from  Midland  magnetic  spring;  cited  by  Peale,  op.  cit 
(Compare  Nos.  75, 248,  and  249.)  The  amount  of  potash  seems  incredi- 
ble, and  suggests  an  error  in  transcription.  It  agrees  in  indicating  a 
sulphated  water.  I  believe  that  it  and  No.  248  are  perverted  versions 
of  No.  249. 

No.  78,  water  from  St.  Louis,  S.  P.  DufSeld,  analyst;  cited,  slightly 
differently,  by  Peale,  op.  cit. ;  temperature,  50^  F.  This  should  be  com- 
pared with  the  analysis  of  a  water  from  St.  Loms  (No.  113),  made  by 
Kedzie  December  1, 1893. 

No.  79  (361),  water  from  Mount  Pleasant  test  well,  Y.  0.  Yaughan, 
analyst;  July  13,  1897.  Water  yellowish  opalescent.  Microscope 
showed  organic  matter. 

No.  80  (36£l),  water  from  Mount  Pleasant  test  well,  Y.  C.  Yaughan, 
analyst;  Aug.  17,  1897.  Water  yellowish  opalescent.  Microscoi>e 
showed  a  considerable  amount  of  amorphous  matter.  The  last  two 
analyses  are  from  the  205-foot  test  well.    (See  later  paper.) 

UNCLASSIFIED  ANALYSES. 

Among  the  analyses  furnished  me  through  the  kindness  of  Pro- 
fessors Kedzie  and  Prescott  there  were  a  large  number  the  records 
of  which  were  not  so  exact  as  to  make  the  geological  source  of  the 
waters  certain.  It  is  true  that,  judging  frt>m  the  analyses,  I  can  in 
each  case  give  the  probable  source  of  the  water,  yet  it  would  obviously 
be  reasoning  in  a  circle  to  thus  doubtfully  assign  them  to  geological 
sections  and  then  proceed  to  draw,  from  analyses  so  grouped,  deduc- 
tions as  to  the  character  of  the  water  from  a  given  formation.  At  the 
same  time  it  seemed  to  involve  too  much  burden  on  the  time  and  kind- 
ness of  the  gentlemen  mentioned,  as  well  as  delay  in  publication,  to 
enter  upon  the  search  and  correspondence  necessary  to  ascertain  with 
certainty  the  geological  conditions  in  all  cases.  In  a  few  instances  the 
geological  conditions  have  been  determined  with  certainty,  but  too  late 
to  be  available  without  a  complete  rearrangement  of  all  the  analyses. 

As  most  of  the  waters  sent  in,  especially  those  sent  to  Professor 
Yaughan,  have  been  the  subject  of  suspicion,  and  as  most  of  the  water 
sources  in  the  State  are  wells  in  the  drift,  which  are  more  open  to  bus- 
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picion  than  rock  wells^  it  is  obyious  that  most  of  these  analyzed  waters 
of  nncertaiu  origin  beloDg  to  the  group  of  the  preceding  section,  waters 
more  or  less  from  the  drift;  this  is  the  excase  for  introducing  these 
analyses  here  rather  than  later.  Whenever  one  of  these  analyses  seems 
to  indicate  a  water  not  from  the  Pleistocene,  attention  is  called  to  the 

£EkCt. 

Peale,  in  Bulletin  IT.  S.  Geological  Survey  Ko.  32,  does  not  give  the 
geological  source  of  the  waters  analyzed.  Most  of  them,  however,  I 
have  been  able  to  classify  by  determining  their  geological  source  in 
such  ways  as  the  following  examples  will  indicate:  The  Alpena  mag- 
netic well  is  certainly  one  of  tbe  deep  borings  into  the  so-called  Dundee 
limestone,  as  the  temperature  (52^  F.)  of  the  water,  which  is  10^  higher 
than  the  mean  annual  temperature  of  Alpena  (42<^),  and  its  sulphureted 
character  indicate,  and  I  have  placed  it  accordingly.  (Analysis  Ko. 
297.)  The  Berrien  springs  are  uncertain,  and  no  analysis  is  given. 
Butterworth's  magnetic  spring,  or  Grand  Eapids  magnetic,  as  I  learn 
from  Mr.  Powers,^  is  a  well  into  the  Marshall,  with  mineral  additions 
from  the  Michigan  series;  or,  as  Mr.  Powers  says,  his  own  well  (the 
Arcade)  draws  from  the  lower  18  feet  of  the  Marshall  sandstone,  which 
IB  about  100  feet  thick,  and  has  less  OaGl2  than  Bntterworth's,  which 
draws  from  the  upper  part.  The  waters  of  the  Gascade  springs  are  not 
analyzed.  The  chalybeate  springs  near  Ann  Arbor,  although  no  anal- 
ysis of  the  water  is  given,  are  in  all  probability  wells  in  the  drift  (see 
analyses  Nos.  55  and  66,  from  Winchell's  biennial  report,  1861,  page 
203,  and  Geology  of  Washtenaw  County,  1881),  and  those  of  Wayne 
County  may  be  from  the  drift,  and  are  likely  to  be  wells  just  above  the 
rock.  As  Peale  remarks,  wells  are  often  called  springs,  especially 
when  the  water  rises  markedly  when  struck.  The  Springville  well  is 
probably  from  the  drift,  but  the  water  is  not  analyzed.  The  Eaton 
Eapids  springs  and  well  are  f  owing  wells  from  the  Coal  Measures  and 
the  Parma.  (Analyses  Kos.  243  to  247.)  The  proportions  of  CaCOa 
and  i)ota8h  in  these  analyses  are  characteristically  large. 

The  Erie  sulphur  springs  are  only  examples  of  a  great  number  of 
snlphnr  springs  in  the  same  region,  flowing  wells  to  or  into  the  Dundee 
(upper  Helderberg  or  Comiferous)  limestone,  of  the  same  class  as  the 
Wyandotte  or  Biverside  wells  (analyses  Nos.  296  and  300) .  Flint's  mag- 
netic springs  at  Three  Elvers;  in  St.  Joseph  County,  being  saline  are 
probably  in  the  rock,  as  the  drift  well  waters  in  that  part  of  the  State 
are  not  usually  saline;  while  on  the  other  hand  the  Berea  or  other  saline 
beds  of  the  Coldwater  shales  may  readily  be  struck.  The  Fruitport 
artesian  and  magnetic  well  shows  by  its  record  and  its  temperature  (48^ 
F.)  that  it  draws  water  from  the  MarshalL  The  water  of  the  Grand 
Haven  mineral  spring  is  similar  in  analysis,  and  also  comes  from  the 
Marshall  (see  analyses  Fos.  264  to  266).  The  Grand  Ledge  water  is 
probably  from  the  Coal  Measures.    The  Hnbbardston  magnetic  spring 


'  See  also  Wliichell'a  biennial  report,  1861,  p.  168. 
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(well),  if  it  is  the  one  of  which  Mr.  Linooln  has  fiunished  a  record,  is 
in  the  Pleistocene,  bat  if  not,  as  the  drift  is  thick  over  all  the  region 
and  as  I  am  informed  that  rock  has  not  been  struck,  it  is  probably  a 
drift  water,  although  it  should  perhaps  have  been  included  here  in 
the  unclassified  section,  rather  than  as  analysis  No.  72.  The  Lansing 
magnetic  (Michigan  Congress)  well  shows  by  its  depth  that  it  goes 
through  the  Marshall.  It  is  plugged  part  way  down.  The  temperature 
(53.50  F.)  being  not  more  than  7^  above  the  mean  annual  temperature 
of  the  place,  indicates  that  the  main  flow  is  firom  the  same  horizon  as 
the  deep  Agricultural  OoUege  well,  i.  e.,  Irom  the  Marshall,  and  the 
analyses  (Nos.  241  and  242)  show,  as  I  have  likewise  been  informed, 
that  the  upper  calcic  waters  are  not  cased  out.  The  Leslie  magnetic 
well  is  almost  certainly  from  the  Coal  Measures,  though  we  have  placed 
the  analysis  near  those  fhmished  by  Pro£  F.  S.  Kedzie  below  (No.  228). 
The  Midland  magnetic  well  (analysis  No.  77)  has  been  placed  for  com- 
parison beside  No.  78.  Its  temperature  indicates  that  its  depth  is  no 
greater  than  that  of  No.  78,  but  the  analysis  needs  verification,  and  it 
may  be  merely  an  erroneous  form  of  analysis  249,  which  water  is  from 
the  Goal  Measures.  We  have  no  analysis  of  the  water  from  the  Arcade 
Building  mineral  well  at  Orand  Bapids,  unless  some  of  the' uncertain 
analyses  of  Yaughan  or  Kedzie  refer  to  it.  The  Moorman  well  (analyses 
Nos.  304  and  305)  is,  as  is  obvious  from  the  description  below,  from  the 
temperature  (57.5^  F.)  of  the  water,  and  from  the  section  shown  in  fig. 
2,  chiefly  from  the  Helderberg  limestone.  Owen's  mineral  well  (56.6<^ 
F.)  and  the  Ypsilanti  mineral  well  (58.1^  F.)  are  similar.  The  Mount 
Olemens  springs  are  from  the  same  horizons.  The  Ogemaw  mineral 
springs  are  in  all  probability  from  the  drift  and  similar  to  those  around 
Bose  City.  The  Otsego  mineral  springs  (analysis  No.  68)  appear  to  be 
from  the  drift.  The  Owosso  spring  analysis  is  most  likely  of  water 
ftx>m  one  of  the  wells  into  the  upper  Coal  Measures.  Its  source  is,  how- 
ever, so  uncertain  that  it  is  given  below  in  this  section  (analysis  No. 
227).  The  Biverside  magnetic  mineral  springs  (Springwell's  Fort)  in 
Detroit  are  from  the  Dundee  and  the  upper  Monroe,  as  the  tempera- 
ture (50^  F.)  shows,  and  are  described  in  the  appropriate  place.  The 
St.  Clair  spring  belongs  to  the  same  family.  (See  pp.  77,  78.)  The  St. 
Louis  magnetic  spring  analysis  (No.  78)  is  of  water  from  a  deep  drift 
well  within  the  coal  basin.  The  Sprkiglake  magnetic  well  analysis 
(No.  265)  belongs  with  the  analyses  of  water  from  the  Fruitport  and 
Orand  Haven  wells,  as  all  draw  from  the  Marshall  (Nos.  264  to  266). 
The  Shawnee  mineral  springs  probably  derive  their  supply  frrom  the 
Helderberg  or  the  immediately  overlying  drift,  but  the  waters  are 
not  analyzed.  The  temperature  (47^  to  49^)  is  practically  the  mean 
annual  temperature  of  the  place,  which  shows  that  the  wells  are  not 
deep. 

Sulphur  springs  are  very  abundant  in  that  region  and  apparently 
derive  their  water  from  the  Dundee  limestones,  in  some  cases,  perhaps, 
firom  the  Monroe.  '  (Compare  analyses  Nos.  294  to  302.) 
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ANALYSES  BY  PROFS.  R.  G.  AND  F.  S.  KEDZIE. 


ConstitaeBt. 


CaSO«. 

MgCQ, 
K,SO«.. 
SIO|... 


{ 


Volatile  At  red  heat. 


Total 


Total  hsrdnese 

Pennaiient  hardness. 

Kitiates 

Nitrites 


Free  ammonia 

Albominoid  ammonia 


81. 

Onnd 

Haven 

(hydrant). 


4,90 
.00 
.66 
.006 


.042 


{ 
{ 


.IS 
.002 
S.15 
.045 


{ 


10.99 
.157 


.00007 
.00010 


Grand 
HavMi. 


7.0 
.100 


}■ 


5.0 
.042 


.87 
.012 
5.0 
.071 


16.6 

.237 
6.0 
8.0 

.000834 


.000106 
.000008 


BeedCitj. 


6.9$ 
.075 
.14 
.002 
.07 
.001 

S.69 
.060 


{ 


.S4 

.012 
1.S8 

.020 
f.IO* 

.080 


84. 
Cold  water. 


{ 


9.10 
.130 
.55 
.005 
.07 
.001 

$.60 
.050 
.66 
.008 
.14 
.002 
.70 
.010 


} 


15.50 
.190 


14.  if 
:200 


85. 
Lndington. 


6.10 
.067 


}• 


.90 


6.90 
.074 


}• 


1.00 
.014 

«.£0 
.080 

f.OO 


I        .020    / 


17.00 
.248 

14.  o 
7.0 
.0005 


.00007 
.00001 


86. 
Pontiac. 


{ 


10.60 
1.50 
.14 
.002 
.98 
.004 
5.5f 
.076 


1.40 
.02 
.68 
.009 


15.  r7 

.261 


Constitnent. 


87. 

Soldiers' 

Home, 

Grand 

Rapids. 


CaCQi. 
CaS04. 

PeA" 
MgCO,. 
K.SO4. 
SiO,.... 
Naa.. 
Ka,SO« 


'e8.60 
\    .122 
'/  1.90 
\    .017 


t9.60 
\    .087 


f    .4J 
\    .006 


88. 

Grand 
Rapids 
Ko.  1. 


8.80 
.190 
.98 
.004 


3. 96 
.057 


(  S.OO 
Volatile  at  red  heat  ..I     • 


043 


.60 
.007 


6.46 
.002 


Total 


Total  hardnees 

Permanent  hardness. 

Nitrates 

FreeamnKmia 

Albuminoid  ammonia 
O  from  permanganate 


fl6. 76 


225 
14.  o 
6.0 
.003 
.00006 
.00008 


90.00 
.286 
15.0 
8.0 


.00015 
.00025 


Grand 
Rapids 
No.  2. 


5.70 
.124 
.90 
.004 


00. 

Dow- 
agiac. 


4.00 
.057 


{ 


10.00 
.143 

1.60 
.021 
.60 
.007 

9.00 
.039 


,{ 


.50 
.007 


7.00 
.10 


90.60 
.298 
15.50 
8.50 


.00008 
.0001 


1.00 
.014 

;?.00 
.029 


91. 
Kilee. 


4.f0 
.06 


8.86 
.127 

Tr. 

.66 
.008 

5.59 
.076 

0.70 
01 
.96 
.014 
.90 
.003 

l.Of 
015 

5.50 

0.050 


92. 

Kalama- 
soo. 


{ 


10.60 
.150 
1.61 
.022 


7.04 
.101 


\    .01         /" 


{': 


.61 
.009 
.47 
.007 


51.50 
.306 

15.  o 
2.0 


51.55 
.303 


}• 


5.57 
.08 


55.40 
.320 


93. 
Kalaroa- 

BOO 

Ko.  1. 


19.00 
.18 
1.60 
.021 
+8iO,5.07 
.052 
4.55 
.062 


}• 


1.57 
.020 


5.50 
.036 


.00014 

.0002 

.00003 


96.00 
.871 

16.  o 
6.0 
.001 
.00002 
.00002 
.000028 
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Ckmstitiient. 


CaOOft. 
CaSO«. 

MgCOi 


ELCl  . 
SiOfe. 
NftCl 


YoUtQe  ftt  red  heat. 


Total 


Total  hardness 

Permanent  hardneas . 

Nitrates 

Free  ammonia 

Albuminoid  ammonia 
O  flrom  permanganate 


94. 
iLalama- 
Boo  Ko.  2. 


9,90 
.140 

i.eo 

.028 
.90 
a. 004 
4.96 
.067 


1,64 
.028 

9,00 
.048 


{ 


91.00 
.80 

14.  o 
0.O 
.0006 
.00006 
.00002 
.00025 


06. 

Dimon- 

dale. 


19.95 
.186 
.f7 
.004 
.05 
.001 

5.M 
.076 
.98 
.004 
.«0 
.003 
.70 
.01 

«.70 
.030 


96. 
Adrian. 


8. 76 
.126 

Tr. 


6.69 
.096 


.55 
.005 
7.00 
.100 


t^.40 
.82 


.00002 
.00001 


«.70 
.824 
IB.BP 
10.  o 


.00015 
.00020 


97. 
Stanton. 


{ 


19. 9S 
.189 
1,54 
.022 


.083 


{ 


1,00 
.014 
.40 
.006 

f.OO 
.029. 


99.00 
.329 
fl.o 
10.  o 


0.0 


Itoches- 
ter. 


{ 


i4.50 

.207 
9.00 

.029 
1.00 

.014 
9.95 

.032 


}• 


.75 
.011 
9.00 
.043 


94.50 
.36 

8.0 
Tr. 
.00006 
.00001 


99. 
BatUe 
Creek. 


9.00 
.029 
16.00 


95.00 
.867 
10.  o 
9.0 


.00003 

.00026 


100. 
Owosso. 


i    10.78 


164 
f.lO 


{9,  IV 
.08 


i     9.58 
\       .186 


.07 

.001 
9,10 

.08 
1.68 

.024 


«0.f5 
.876 


Constitaent. 


OaCOfe. 
Ca80«. 
Pe,0*.. 

MgCOk 
SlOt... 
KaCl... 


Na,80« 


Volatile  at  red  heat. 


Total 


Total  hardness 

Permanent  hardness. 

Nitrates 

Nitrites 

Free  ammonia 

Albuminoid  ammonia 

Oxygen  of  i>erman- 
ganate  reduced. 


101. 

Port  Hu- 
ron. 


t8.40 
\  .12 
t5,95 
\    .077 


Tr. 


t  9,16 
\    .046 


\    .008 


fJO.5 
I    .16 


r 


^.00 
.40 
J7.0 
9.0 


.00006 
.00009 


102. 
Howell. 


14.10 
.201 
f.OO 
.029 
i.00 
014 
5.00 
.071 
1.40 


{\ 


{. 


1.00 
.014 


9.60 
.061 


98.10 
.401 

fO.o 

10.  o 
.000 


.00006 
.00005 


108. 

Tecum- 
seh. 


104. 


105. 


Moline.  I  Belding. 


}■ 


14, 98 
.204 

4.60 
.064 
.10 
.001 

6.69 
.095 


,60 
.007 


6.00 
.086 


5f.  00 
.457 
17.^ 
6.0 


li.SO 
.160 
i.55 
.019 
.60 
,W1 

19.96 

.175 

1.00 

.014 

.A) 

.011 


59. 

.657 
9,80 
.04 
.90 
.003 
.60 
.007 


106. 

Lapeer 
(Home  of 

Feebie- 
Minded). 


\       .014  7 


5.00 
.071 


6.8 
.083 


5.50 
.05 


99.9 
.470 


51. 


729 


.000003 
.000001 
.0005 


}■ 


{ 


{ 


9.90 
.141 
.08 
.001 

5.  if 
.049 
.50 
.004 

5.40 

.(fn 

90.10 
.287 
4.90 
.60 


45.40 
.620 
11.  o 

7.0 
Tr. 
Tr. 
.00001 
.00008 


107. 


615.55 
6.238 


}■ 


fO. 


80, 
1.148 
14.'' 
10.  o 
.002 

0 
.00001 
.000004 


a+SiOs. 


b  All  ohlorides. 
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G0IlttitU6i|lt. 


OaCQi 
CaSO« 
BSO«.. 


108. 

Saginaw 
(Brand  & 
Hardin). 


MgOQ, 
Kg80«. 


Ka. 


SiO,... 
VaGl.. 
N%804 
S0».... 


t  8.00 

I  .043 

f  B.40 

\  .vn 


.86 
.006 
8. 98 
.066 


LOO 
.014 

88.88 
.412 

19.00 
.271 


TMal  mineral. 


YoUtneatredheat. 


Total 


Tcrtal  hardnflsa 

Pcnnanent  hardneaa. 

Nitnrtea 

Uttritoa 

Freeanmumia 

AUwmrfnald  ammonia 


{ 


C.60 
.070 


{ 


87.0 

.057 
14.  o 
10.  o 


100. 

£toglnaw 

(TVMh. 

ington 

ave.). 


8,40 
.091 

9.80 
.181 


.60 
.Wl 
6.60 
.079 


1.00 
.014 

80.88 
.468 

fO.if 
.287 


UO. 

Saginaw 

(Tow6r 

Block). 


11.66 
.106 


88.10 
.830 


}• 


9.00 
.086 


79. 

1.120 
JW.o 
18.  «> 
.021 
0.0 
.00060 
.00026 


8.00 
.029 


}■ 


8.00 
.048 


60.20 
.716 


HI. 

St 
Charlea. 


8.40 
.120 

9.80 
.140 


{ 


9.60 
.121 


88.90 
.470 


5.40 
.120 


69.00 
.971 


112. 


Bay  City. 


14.70 
.210 

81.99 
.467 


6.47 
.121 


{ 


a.  14 
.002 

5S.fO 
.760 


lis. 


St.  Louis. 


}• 


59.60 
.670 


{ 


.65 
.006 
88.81 


{ 


13.66 

.106 

.88 

.004 

100.81 

1.488 


114. 

Saginaw 

(Wmiam 

Hioks). 


66. 
.400 


Tr. 


16.8 
.219 


.5 
.007 
116.7 
1.1 


(800.80 
2.861 


•i 


10.60 
.150 


im 

1.700 
16.  o 
14.  o 


.00018 
.00003 


}■ 


}• 


.00003 
.00002 


8.1 
.008 


17.6 
.25 


{ 


flO. 
8.000 
19.  o 

18.0 


Conaticaant. 


CaCQ. 
CaSO« 


MgCJQi. 
KCI.... 


X«S04 


115. 
FloBhing 

1(0.1. 


r     P.OO 
i       .129 


f.00 


1.18 
.016 


116. 

Flashing 

No.  2. 


}■ 


}■ 


1.00 
.014 


117. 

Flashing 

Ko.  3. 


8.00 
.029 


118. 

Flashing 

No.  4. 


{ 


t.ao 

.04 


1.00 
.14 


110. 
Frost 


80.60 

.204 

.00 

.286 

.86 

.008 

16.60 
.10 


r 


120. 
Yassar. 


}■ 


106.7 
1.51 
1.0 
.014 
17.6 
.25 


{ 


10.6 
.16 


121. 
Caro. 


{ 


81.00 

.80 

186.60 

2.66 

.70 

.01 

19.80 

.28 

8.60 

.06 


a  +  Fe,0|. 
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[N0.3L 


Constitaent. 


SiO|. 


Ka,CO, 

Na|SO« 

Total  mineral. 


Volatile  at  red  heat. 


Total 


Total  hardness 

Permanent  hardness. 

Free  ammonia 

AlhnmiAoid  ammonia 


115. 

Flnshine 

No.1. 


6,00 
.071 
U8.69 
8.287 
17.08 

.2a 

89.00 
1.271 
t89.90 
4.166 


}■ 


116. 

Flnshinff 

No.  2. 


141.97 
8.018 

n.oo 

.314 
S.60 
.05 


} 


4.90 

.an 


181.10 
2.578 

f.o 

1.0 

.00012 
.00002 


117. 

Flushing 

Ko.8. 


Not  de- 
termined. 
4S.S0 
.671 
7.80 
.lU 


9.80 
.140 


9SS.80 
8.840 
4.0 
L50 
.00015 
.00002 


118. 

Flashing 

No.  4. 


{ 


iff. 
1.743 
41.00 
.586 
6.40 

.on 


7.00 
.10 


179.  to 
2.56 


119. 
Frost. 


{ 


1.16 
.016 
168.70 
2.41 


14. 
.2 


2S8. 
8.400 


.00015 
.00006 


120. 


L6 
•  021 
#77.  f 
8.96 


}■ 


415.4 
5.906 


121. 
Caro. 


}• 


466.90 
6.07 


697.90 
9.96 


Constitnent. 


CaClf 
OaSO«. 
Fe«0,. 
HgOl. 


122. 
Wales. 


69.64 
.862 
1.00 
.014 
.74 
.011 

96.64 
.522 


Constitiient. 


KCl.. 
NaCl 


Total  mineral  residue 


122. 
Wales. 


6.00 
.071 
1169.88 
16.47 


{ 


1966.8 
17.94 


Of  the  foregoing  analyses  TSo.  110,  and  doubtless  others,  should  be 
credited  to  Prof.  B.  0.  Kedzie  alone.  It  should  not  be  forgotten  that 
these  are  not  all  the  analyses  furnished  me  by  the  Professors  Kedzie, 
but  only  those  which  I  preferred  not  to  class  geologically. 

The  first  analysis  of  this  list,  being  doubtless  of  water  firom  the  Orand 
Haven  waterworks,  which  obtain  their  supply  from  driven  wells,  might 
perhaps  have  been  included  among  those  in  the  Pleistocene  if  the  very 
low  percentage  of  mineral  matter  did  not  suggest  that  the  source  is 
practically  Lake  Michigan,  filtered  through  sand.  The  analysis  is  sug- 
gestively similar  to  that  of  Muskegon  Lake  (So.  2). 

There  is  next  a  series  of  analyses,  Nos.  82  to  105,  in  every  respect 
comparable  to  the  series  Nos.  55  to  89.  As  arranged,  the  solids 
increase  from  one-fifth  to  one-half  of  an  ounce  per  cubic  foot  of  water, 
which  is  the  normal  range.  The  carbonates  invariably  form  by  tea  the 
largest  proportion  of  the  solid  matter.  The  amount  of  gjrpsum  is 
usually  barely  a  tenth  as  great,  and  there  is  a  small  but  variable 
amount  of  salt,  which  does  not  increase  regularly  with  the  amount  of 
mineral  matter,  and  when  high  may  be  assigned  in  part  to  sewage  con- 
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tamination.  The  weUs  famiahing  these  waters  occur  all  over  the  State 
except  in  the  central  region  aroand  Midland.  It  is  noteworthy  that 
the  i>ercentage  of  solids  is  most  commonly  near  0.30  per  thonsand,  and 
the  hardness  correspondingly  near  15^.  There  is  no  reason  why  any  of 
these  analyses  may  not  be  of  waters  from  common  wells  in  snrfidal 
deposits,  and  most  of  them  are  andoabtedly  snch.  No.  83^  fix>m  Beed 
City,  is  of  water  from  a  region  where  I  conld  find  no  wells  which  had 
reached  bed  rock,  even  when  100  feet  deep.  The  same  statement  holds 
tme  at  Lndington.  On  the  other  hand,  in  cases  like  Owosso  the  well 
may  pierce  bed  rock  a  little,  though  near  Owosso  plenty  of  water  and 
even  flows  are  found  in  the  drifb.  Taken  as  a  whole,  the  analyses 
belong  to  a  &irly  well-defined  type  of  water  from  the  drift. 

With  only  two  transitional  analyses,  those  at  Lapeer  (ISTos.  106  and 
107),  we  pass,  with  an  increasing  proportion  of  solid  matter,  to  an 
entirely  different  type  of  analysis.  The  total  solids  qnickly  doable  in 
amonnt,  reaching  about  an  ounce  per  cubic  foot.  But  the  lime  and  mag- 
nesia, or  at  any  rate  the  carbonates,  fall  off,  and  instead  there  are  sul- 
phates and  salt.  Frequently  there  is  more  chlorine  and  sulphuric  acid 
than  can  be  satisfied  by  their  usual  bases,  sodium  and  calcium,  and  we 
have  sodic  sulphate,  potassic  chloride,  and  other  salts. 

All  the  places  from  which  analyses  of  this  type  come  are  well  within 
the  basin  of  the  Marshall  sandstone,  except  Wales  and  Yassar,  and 
may  be  supposed  to  derive  their  percentage  of  sulphates  from  the  gyp- 
sum of  the  Michigan  series  and  the  decomposing  sulphide  of  iron  that 
occurs  with  the  coal. 

Some  of  these  analjrses— e.  g.,  those  from  Saginaw  (Nos.  108  to  110), 
from  St.  Charles  (Ko.  Ill),  from  Bay  City  (^o.  112),  and  from  St.  Louis 
(So.  113,  compare  No.  78) — show  a  considerable  amount  of  lime  and  no 
more  mineral  matter  than  often  occurs  in  waters  from  drift  wells  of  this 
region,  and  may  either  be  from  such  wells  or  from  wells  that  go  a  short 
distance  into  the  rock.  On  the  other  hand,  wells  like  the  Flushing 
wells,  with  water  containing  so  low  a  percentage  of  lime,  yield  waters 
so  extremely  soft  that  one  can  hardly  believe  them  to  be  derived  from 
the  drift,  when  he  considers  how  much  limestone  and  gypsum  are  dis- 
seminated through  them.  From  the  evidence  of  the  analyses  alone, 
therefore,  one  could  say  that  the  water  must  come  from  some  of  the 
Coal-Measure  sandstones  below  the  drift,  like  the  water  of  the  Ban- 
croft House,  Saginaw  (the  prominent  hotels  in  Saginaw  have  their  own 
artesian  wells  down  into  the  sandstone),  tests  of  which  indicate  water 
of  this  character  with  NazSOi.  The  Saginaw  analyses  are  interme- 
diate in  character,  as  would  be  natural  in  waters  from  wells  just  from 
the  base  of  the  drift,  but  the  generally  sulphated  type  is  confirmed  by 
the  analyses  of  Heim  Brothers.  The  water  of  analysis  No.  108  is 
reported  by  Kedzie  as  <^  colorless,  odorless,  nearly  tasteless,  and  good 
for  domestic  use."  The  water  of  So.  109  is  only  '<  fair,  having  too  much 
sulphates."    Both  blacken  very  slightly  on  ignition.    The  water  of  So. 
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110  is  ^^dear,  bright,  tasteless,  and  odorless;  would  be  excellent  bat 
for  the  large  amount  of  salphates."  The  Brand  &  Hardin  well  (analysis 
No.  108)  gave  Heim  Brothers  0.879  solids  (61.5  grains  per  gallon),  and 
the  Washington  avenne  well  (analysis  So.  109)  1.043  solids  (73  grains 
per  gallon).  Our  inference  that  the  waters  of  the  Flushing  analyses 
come  from  wells  in  the  Goal  Measures  is  confirmed  by  the  fact  that  there 
are  many  such  rock-drilled  wells  there.  The  well  of  W.  Wartzel  (anal- 
ysis Ko.  119)  was  said  to  have  been  bored  in  1896  to  a  depth  of  only  40 
feet.  The  water  flows  naturally,  with  several  feet  head;  temi>erature 
about  450 ;  specific  weight  in  1899,  1.007.  Analyzed  March  5,  1896. 
The  last  three  analyses  show  more  mineral  matter  than  the  water  from 
any  drift  well  known.  The  Vassar  and  Oaro  wells  would  naturally  tap 
the  gypsiferous  Michigan  series,  and  the  Wales  well  the  Berea  grit. 
In  confirmation  of  this  supx>osition  the  Vassar  and  Caro  analyses  are 
strong  in  sulphates,  while  the  Wales  analysis  is  strong  in  salt  and  the 
earthy  chlorides  and  low  in  sulphates — a  thoroughly  characteristic 
Berea  grit  analysis.  Accordingly,  analyses  !Nos.  82  to  104  are  most 
probably  of  water  from  wells  in  the  drift;  analyses  ]^os.  108  to  121  of 
water  from  the  Garboniferous  above  the  Marshall,  while  ^o.  122,  from 
Wales,  is  of  water  from  the  Berea,  and  may  be  compared  with  analyses 
at  Birmingham  (Ko.  285)  and  Utica  (Ko^225),  towns  which  are  similarly 
situated. 

SANITARY  ANALYSES  BY  PROF.  V.  0.  VAUGHAN. 

In  ,the  large  and  interesting  list  of  sanitary  analyses  which  have 
been  furnished  by  Prof.  Y.  C.  Yaughan  some  are  not  complete,  and 
frequently  the  total  solids  are  not  given.  It  seemed  impracticable, 
therefore,  to  arrange  them  in  the  usual  way,  and  hence  they  have  been 
given  a  special  tabulation  of  their  own.  The  gaps  in  his  numbering 
(given  in  parentheses)  are  in  general  due  to  the  omission  of  analyses 
from  other  States  or  from  the  northern  peninsula  of  Michigan. 

There  is  a  general  parallelism  between  this  series  of  analyses  and 
those  of  Professor  Kedzie,  and  many  cross  references  have  been  inserted. 
It  will  be  found  that  many  of  the  analyses  showing  especially  small 
amounts  of  solids  belong  in  one  of  three  classes.  (1)  Like  the  Petoskey 
(analyses  Nos.  130  to  132),  they  are  probably  surface  waters,  or  from 
lakes;  or  (2)  there  is  good  independent  evidence  that  they  are  strictly 
surficial,  largely  from  rain-water  wells;  or  (3)  they  come  from  the  sands 
of  the  modified  drift  or  glacial  drainage,  like  that  at  Lowell  (analyses 
Nos.  123  and  124).  It  is  noteworthy  that  inoculation  is  nearly  as  likely 
to  produce  bad  results  in  these  as  in  more  highly  mineralized  waters. 
In  other  words,  exceptionally  low  mineralization  often  means  dilution, 
with  rain  water,  and  that  implies  exposure  to  surface  contamination. 
As  in  the  Kedzie  analyses,  the  vast  bulk  of  these  samples  contain  from 
one-fifth  to  one-half  of  an  ounce  of  solid  matter  per  cubic  foot.  The  anal> 
yses  are  rather  widely  distributed,  though  of  course  the  more  populated 
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part  of  the  Lower  PeBinsnla  has  the  greater  number.  Most  of  these 
analyses  are  donbtiiess  of  water  from  wells  in  the  drift  (i.  e.,  Pleistocene), 
although  some,  e.  g.,  Eastlake  and  Manistee  (analyses  !No8.  146  and 
153),  may  be  of  water  from  the  lakes,  and  others,  like  some  of  the 
Lansing  analyses,  may  be  of  waters  from  rock  wells  and  belong  to  the 
following  section. 

There  is  a  somewhat  larger  number  of  transition  analyses  than  in 
the  case  of  the  Kedzie  analyses,  haviog  from  0.500  to  0.650  parts  per 
thousand  (ounces  per  cubic  foot)  of  solids.  Some  of  these  evidently 
belong  to  the  previous  group,  however,  and  merely  have  more  organic 
matter  than  usuaL  (See  analyses  Nos.  20$  to  211.)  Other  analyses 
are  of  waters  from  wells  which  in  all  probability  draw  their  supplies 
from  bed  rock,  e.  g.,  the  Saginaw  well  (analysis  No.  214),  with  its  com- 
paratively soft  water,  is  probably  of  the  sodic-sulphate  type.  It  is 
worth  noting  that  all  such  wells,  except  No.  209  at  Kalamazoo,  are 
within  the  area  covered  by  rocks  above  the  Marshall,  and  should  proba- 
bly be  included  among  the  analyses  of  the  next  section.  The  remaining 
analyses,  with  the  exception  of  one  or  two  (No.  217 — water  presumably 
contaminated  with  the  waste  bittern  of  salt  manuflEMiture — and  No.  2 18), 
are  most  probably  of  waters  from  rock,  and  usually  there  is  corrobora- 
tory evidence  Tvhich  renders  it  possible  to  fix  also  the  stratum  frt>m 
which  the  water  comes.  ♦ 

The  Holt  weir  (analysis  No.  221)  probably  draws  water  from  the 
Grand  Eapids  limestone  or  from  a  horizon  near.  « 

The  Holland  (analysis  No.  219),  low  in  sulphates  and  strong  in  chlo- 
rides, is  an  analysis  characteristic  of  water  from  the  MarshalL  A 
similar  analysis  of  water  within  the  coal  basin  would  suggest  strong 
contamination.  The  Wyandotte  water  (analysis  No.  220)  would  seem 
to  be  from  the  Dundee  limestones.  The  Adrian  waters  (analyses  No. 
222,  etc.)  are  peculiar.  It  may  be  that  they  are  contaminated  with  sul- 
phate of  iron'  from  the  sulphides  in  the  Ohio  black  shale. 

The  two  Imlay  Gity  wells  (analyses  Nos.  223  and  224)  almost  certainly 
draw  water  from  the  Goldwater  shales  or  the  lower  Marshall.  Under 
Imlay  Gity  water  from  the  Berea  would  be  much  Salter,  as  the  Wales 
and  other  analyses  show,  and  that  from  the  NaxK>leon  sandstone  would 
contain  less  salt. 

The  Utica  well  (analysis  No.  225)  is  shown  to  be  in  the  Berea,  by  the 
same  line  of  argument  which  applies  to  the  Wales  well  (analysis  No. 
122),  which  is  similarly  situated  and  connects  the  Utica  well  with  the 
Birmingham  wells.    The  latter  are  certainly  in  the  Berea. 

No.  299,  water  from  Alpena,  is  classed  solely  on  the  basis  of  its 
analysis,  which  resembles  the  tests  of  waters  from  the  rock  wells  of 
Alpena  in  the  Traverse  or  deeper  limestones. 

The  analyses  of  waters  from  around  Bay  Gity  are  very  puzzling, 
owing  to  the  leakage  from  deep  salt  wells,  and  Prescott's  paper  tends 
to  warn  against  rashness  in  diagnoses. 
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In  the  analyses  reported  by  Yaaghan  the  number,  according  to 
Yaughan's  list,  follows  in  parentheses  after  the  serial  number  (the  num- 
bers omitted  representing  analyses  outside  our  purview).  Kext  follows 
the  identification — the  name -of  the  place,  the  date  of  the  analysis,  and, 
when  stated,  the  origin  of  the  water.  The  water  is  understood  to  be 
colorless,  odorless^  and  neutral,  if  nothing  to  the  contrary  is  stated. 
The  hardness  is  given  on  the  usual  (Clark's)  scale — i.  e.,  the  number  of 
grains  of  OaOOs  per  gallon  which  would  be  required  to  make  a  water 
equally  hard.  The  total  residue  (obtained  by  evaporation  at  110^  C.) 
and  total  inorganic  residue  are  self-explanatory.  As  remarked,  the 
specific  gravity  of  the  water  is  neglected,  which  makes  a  perceptible 
error  only  in  the  analyses  from  ^o.  217  on.  The  quantities  are  in  parts 
per  thousand.  The  row  of  figures  afber  '< organic"  (i.  e.,  loss  on  igni- 
tion) obviously  represents  the  differences  between  the  two  residues. 
The  chtorine  is  computed  as  salt  (KaCl).  The  next  row  of  figures 
above  gives  the  parts  of  potassium  permanganate  reduced  by  organic 
matter,  and,  in  the  rows  above,  the  free  and  albuminoid  ammonia,  and 
the  nitrates  (N2O5)  and  nitrites  (NjOs)  in  parts  per  thousand.  The  sul- 
phates when  given  are  computed  as  SO3.  It  will  be  noticed  that  the 
ammonia  is  quite  prominent  even  in  the  waters  from  such  wells  as  the 
Mount  Pleasant  of  the  previous  section,  which  is  deep  and  free  from 
possible  surface  contamination  (analyses  Xos.  79  and  80).  The  first  two 
rows  of  figures  give  the  biological  examination,  viz,  the  result  of  inocu- 
lation offCaltures  on  the  health  of  animals  (no  effect  on  the  health  being 
indicated  by  a  — )  and  the  number  of  bacteria  per  cubic  centimeter 
after  standing  72  hours. 

Professor  Yaughan  gives  the  following  explanatory  notes : 

While  no  abaolate  standard  for  the  chemical  purity  of  drinking  water  can  be 
given,  the  following  oonclosionB  may  be  regarded  as  approximately  correct: 

(1)  The  total  residue  should  not  exceed  500  parts  per  million. 

(2)  The  inorganic  residue  may  constitute  the  total  residue. 

(3)  The  smaller  the  amount  of  organic  residue  the  better  the  water. 

(4)  The  amount  of  earthy  bases  should  not  exceed  200  parts  per  million. 

(5)  The  amount  of  sodium  chloride  should  not  exceed  10  parts  per  million.  A 
larger  amount  may  be  expected,  however,  in  certain  salt-producing  districts. 

(6)  The  amount  of  sulphates  should  not  exceed  100  parts  per  million. 

(7)  The  organic  matter  in  1,000,000  parts  of  the  water  should  not  reduce  more 
than  8  parts  of  potassium  permanganate. 

(8)  The  amount  of  free  ammonia  should  not  exceed  0.05  parts  per  million. 

(9)  The  amount  of  albuminoid  ammonia  should  not  exceed  0.15  parts  per  million. 

(10)  The  amount  of  nitric  acid  should  not  exceed  0.5  parts  per  million. 

(11)  The  best  waters  contain  no  nitrous  acid,  and  any  water  which  contains  it  in 
quantity  sufficient  to  be  estimated  should  not  be  regarded  as  a  safe  drinking  water. 

The  word  trace  (''tr.'')  whenever  used  indicates  the  existence  of  the  substance  in. 
quantity  sufficient  to  be  recognized  by  the  test,  but  too  small  to  be  determined, 
quantitatively. 

Explanation  of  mieroscopical  examination,  i.  e.,  description  of  deposit,  if  any/ 
magnified  100  diameters  and  500  diameters : 

Six  ounces  of  water  are  placed  in  a  conical  glass,  and  the  deposit,  if  any,  is  exam* 
ined  after  from  12  to  24  hours.    The  presence  of  any  appreciable  deposit,  especially 
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if  it  be  of  animal  or  vegetable  nataie,  would  detract  from  the  smtability  of  the 
water. - 

The  bacteriological  examination  oonaiBts  in  counting  the  nnmber  of  germB  devel- 
oped on  a  gelatine  plate  jnoculated  with  one  drop  of  water : 

(1)  After  24  hours,  (2)  after  48  hours,  (3)  after  72  hours.  Then  follow  remarks  on 
the  kinds  of  germs  observed. 

Inoonlation  experiments  are  conducted  as  follows : 

The  animals  inoculated  with  germs  are  white  rats,  guinea  pigs,  or  rabbits ;  the 
method  of  inoculation,  into  abdominal  cavity.  The  kind,  amount,  and  age  of  cul- 
ture used  is  noted,  the  effect  on  the  animal's  health,  and  eventually  its  post-mortem 
appearance.  One  drop  of  the  water  is  added  to  1  dram  of  some  culture  medium, 
sneh  as  beef  tea,  and  this,  after  it  has  been  kept  at  the  temperature  of  the  body  for 
24  hours  or  longer,  is  used  for  inoculating  the  animals. 
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No.  123  (190).  Lowell,  T.  6  N.,B.9  W.  July  17,  1883.  Miorosoope  shows  molds.  The  hardness 
aaaifCned  to  this  and  the  following  analysis  is  not  consistent  with  the  low  amount  of  total  solids. 

No.  124  (192) .    Lowell,  T.  6  IT.,  R.  0  W.    July  7, 1883.    Miorosoope  shows  a  few  vegetable  fibers. 

S'o.  125  (ISO).  Pontlae.  Deoember  16, 1802.  Microscope  shows  indeterminate  grannies.  This  is  so 
much  softer  than  any  of  the  other  Pontiac  analyses  (Kos.  129, 183,  139, 150, 176, 100^192,  211,  and  218) 
tbat,  as  ia  in  the  previoas  analysis,  rain-water  contamination  is  indloated. 

JTob  126  (168) .  Sand  Beach.  December  6, 1892.  Tnm  a  weU  which  must  be  shallow,  as  deeper  wells 
aoon  pass  into  the  Coldwater  seriee  and  are  ssline.    Microscope  shows  indeterminate  grannies. 

ISa.  127  (869).  Lansing.  September  6, 1897.  From  the  waterworks,  which  draw  their  supply  chiefly 
from  wells  in  grayel  beneath  clay;  bnt  deep  rock  wells  have  also  been  bored.  Very  small  amount  of 
organic  matter. 

IS'o.  128  (257).  Port  Huron.  March  9, 1896.  Microscope  shows  wood  fiber,  alg»,  unicellular  plants 
sokd  »»*rnaim^  vegetable  d6brls,  inorganic  deposits.    (}ol<v,  milky ;  odor,  musty ;  reaction,  alkaline. 

Vo.  129  (320).  Pontiac.  July  10, 1896.  From  a  well  which  is  almost  certainly  a  shallow  one  in  the 
dzlfL    Hicroeoope  shows  a  small  amount  of  vegetable  and  inorganic  d6briB. 
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No.  130  (205).  Petoskey.  Febraary  9,  1894.  Miorosoope  showed  small  amoant  of  alg»  and  plant 
detritas,  reaction  alkaline. 

No.  131  (206).  Petoskey.  Febraary  9, 1894.  Mioroeoope  showed  small  deposit  of  onlcellalar  plants 
and  plant  detritan,  reaction  alkidine. 

No.  132  (207).  Petoskey.  Febraary  0, 1894.  Microscope  showed  inorganic  matter,  algae,  and  plant 
detritas,  reaction  alkaline. 

No.  138(95).  Pontiao.  Aagast  21,  1880.  Town  water  sapply;  slightly  tarbid.  Microscope  (100 
diameters)  showed  organic  material,  yellow,  red,  and  black,  animalcalsB;  (500  diameters)  several 
sixties  of  diatoms,  green  a]g»,  blae  alge,  amcebBB,  Tiolet  spores,  yellow  retioalated  organic  material, 
fibers,  BntoroostracesB. 

No.  184  (246).  Grand  Bapids.  December  20,  1894.  Slightly  milky,  alkaline.  Microscope  showed 
inorganic  matter,  vegetable  debris,  a  few  anicellalar  plants. 

No.  135  (157).  Bay  City.  October  1, 1892.  MioroscoiM  showed  carbonate  of  lime,  pigment  granoles, 
bits  of  woody  fiber,  flociUent  matter.    It  is  a  well,  and  Jadging  by  analysis  is  shallow. 

No.  186  (186) .  Ithaca.  Febraary  12, 1892.  Microscope  showed  crystals  of  calcium  carbonate ;  doady. 


187  (305). 

138  (79). 

189(97). 

140  (188). 

141  (178). 

142  (289). 

143  (132). 

Bast 
Tawas. 

Bast- 
lake. 

Pontiao 

water 

sapply. 

Hastings. 

North* 
ville. 

Petoskey. 

Ithaca. 

Besaltofinocalation. 

... 

^ 

.. 

_ 

+ 

.. 

+ 

Namber  of  bacteria 
in  72  hoars 

27 

18 

850 

4,800 

400 

600 

Nitrites 

Tr. 

Very 
slight  tr. 

Tr. 

Tr. 

Tr. 

Nitrates 

Tr. 

0.000202 

Very 
sUghttr. 

Tr. 

Tr. 

4 

Albaminoid  ammonia 

0.000062 

.000068 

0.00036 

0.00011 

0.00005 

0.00012 

0.00016 

Free  ammonia 

.0000063 

.000067 

.00013 

.0002 

.00001 

.00002 

.00041 

Permanganate     r  e  - 
dnoed. ............ . 

.0004662 
.04474 

.02307 
.0099 

.1811 
.018 

.0075 
.0036 

.04818 
.025 

Chlorioe  as  NaCl 

Organic  residae 

.0099 

.00165 

.090 

.0680 

.064 

.065 

.047 

.040 

.072 

Inorganic  residae 

Total  residue 

.060 

.101 

.101 

.105 

.140 

.150 

.118 

.160 

.164 

.166 

.170 

.187 

.190 

.190 

Hardness 

7.90 

4. 70© 
.0485 

11.6° 

IL60 
Tr. 

15. 0 
Tr. 

9.0     . 

9.9P 
Tr. 

RnlnliAtAa 

1 
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K o.  137  (106).  Easl  Tftiras.  March  7, 1896.  Alkaline.  Mioroaoope  ahowa  Inorganio  matter  and  veg^ 
feaUed«bria. 

Ho.  138  (TV).  Eaatlake.  May  18,  1880.  From  a  well.  Mioroaoope  (100  diametera)  ahowa  slight 
teaeea  of  fireah-water  alge ;  (500  ^Uametera)  a  few  threadlike  Vibrioa. 

Ko.138  (97).  Pontiao.  Angnat  81, 1890.  Town  water  aapply.  Mioroaoope  (100  diametera)  ahowa 
yellow  organic  material,  fibers;  (600  diameters)  many  abort,  rod-ahaped  germs,  severe  speoies  of 
iliatiiTnii.  libera,  Palmellaoee,  Entomoetraoee. 

Ko.  140  (133).  Heatings.  Febraaiy3, 1892.  FromaweUandameUamnaty.  Mioroaoope  shows  rege- 
table  flbera,  molda,  Parameola. 

So.  141  (178).  KorthTlUe.  September  30,  1893.  From  a  well.  Mioroaoope  shows  some  vegetable 
d«1nia. 

Kovl42(S39).  Petoakey.  September 80, 1894.  Alkaline.  Mioroeoope  ahowa alge,  Infoaoria,  baeteiia, 
plant  detrltaa,  inorgaAio  matter. 

Ho.  143  <182).  Ithaoa.  February  3, 1893.  Mioroaoope  ahowa  dnat  and  dirt,  olondy  in  oolor,  with  a 
alight  odor. 


Beaolt  of  InocnlatioiL. 

Homber  of  baoteri* 
in73hoiira 


Hitritea 
Hltratea 


144  (363).  1145  (240). 

Battle    I    Grand 

Creek.      Bapids. 


14,020 
Tr. 


AlbonUnoid  ammonia  0. 0000298 


Free  ammonia ...... 

Permanganate    r  e 
dnoed 


Chlorine  aa  HaCl. 


Qrganio  residae . . . 
Ijiorganio  reeidoe. 


Total  reaidne. 
Hardnesa..... 
Snlphatea 


.000005 

.002 
.0182 


.062 
.137 


.199 
7.6° 


1,800 


Tr. 

0.000136 
.000009 


.0099 


09 
110 


.20 

8.0 


146  (364). 

147  (138). 

Eaatlake. 

Holland. 

— 

— 

268 

340 

Tr. 

Tr. 

0.00005 

Tr. 

.00014 

0.000166 

.000065 

.000514 

.002 

.02212 

.002 

.015675 

.001 

.090 

.111 

.120 

.202 

.210 

11.  o 

9»o 

Tr. 

148  (341). 

Traverse 

City. 


liquefied. 


149  (256). 

Port 
Huron. 


+ 


Liqnefao- 


iqneri 
Qon. 


Tr. 


Tr. 


0.0000346  0.000182 
.0000036*    .000007 


,002 
00625 


.096 
.128 


.0099 


.07 
.150 


.219 
13. 2o 


.220 
2.10 
Tr. 


150  (96). 
Pontiao. 


48 

.0109 

Very 
slight  tr. 

0.000802 

.000266 

.018644 
.009075 


.124 
.096 


.220 
11.50 


JSn.  144  (363).    Battle  Creek.    Angnat  10, 1897.    Mioroaoope  ahows  small  amoont  of  organic  d6bria. 

Ho.  145  (246).  Grand  Bapida.  December  20,  1894.  Colorless  and  odorless;  alkaline.  Mioroacope 
slMwa  amall  depoait  of  no  significance.    This  is  one  of  a  long  series.    (See  index.) 

Ho.  146  (864) .    Eaatlake.    Aagast  1 1, 1807.    Microscope  shows  a  small  amonn  t  of  amorphona  matter. 

Ho.  147  (138).  Holland.  March  2, 1892.  Btem  a  deep  well.  Clondy.  Miorosoope  (100  diameters) 
abowa  indeterminate  grannies ;  (500  diameters)  vegetable  detritns.  This  is  probably  from  the  Marahall 
■Midatone,  aa  rook  Is  not  far  firom  sarfaoe  at  Holland,  bdt  the  expression  "deep*'  may  mean  only 
beneath  the  clay. 

Ho.  148  (341).  Traverse  City.  Hovember  4, 1896,  at  the  same  time  aa  Ho.  163.  Mioroaoope  shows 
-v^y  email  amount  of  vegetable  debris.    (See  index  for  other  analyses.) 

Ho.  149  (266).  Port  Huron.  Maroh  29, 1895.  Milky,  musty,  alkaline.  Mioroaoope  shows  alge, 
wood  fiber,  inorganic  depoalta,  much  vegetable  d4bria,  nnioellular  plants  and  animals. 

Ho.  ISO  (96).  Pontiao.  Anguat  2,  1890.  Town  water  aupply.  Microscope  (100  diameters)  shows 
ydlow  organic  material,  oolorleas  fibers ;  (600  diameters)  many  short,  rod'Shaped  genu,  several  speoiea 
of  diatema,  yell<)w  algse,  orange  algss,  CymbeUa  ehrenbergll,  fibers,  Bntomostraoee. 
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151  (167). 
East- 
lake. 

152  (279). 
Garo. 

• 

153  (270). 
Manistee. 

154  (241). 
Grand 
Bapids. 

155  (176). 
Kalama- 
zoo. 

166  (237). 

Grand 

Rapids. 

167(235). 
Grand 
Bapids. 

Besnlt  of  inoonlation . 

Number  of  bacteria 
in72honr8 

Nitrites 

180 

Tr. 

Tr. 

0.00071 

.0003 

.10902 
.01410 

26 

Tr. 
Tr. 
0.00002 
.00019 

.005 
.006 

LiqueCsc- 
uon. 

2,500 

Tr. 

Tr. 

0.00004 

Tr. 

850 

0.0003 
Tr. 
.00012 
.00004 

.0012 
.00247 

160 
■» 
Tr. 
Tr. 
0.00008 
.000006 

200 

Tr. 
Tr. 
0.000056 
.000008 

Nitrates 

Tr. 

0.000075 
.000003 

Albnminoidammonia 

Free  ammonia 

Permanganate     re- 
dnoed. ............ . 

Chlorine  asNaCl.... 

Organic  residue 

Inorganic  residue. . . . 

Total  residue 

Hardness 

.00165 

.0165 

.00713 

.00713 

.110 
.U4 

.029 
.201 

.050 
.180 

.090 
.140 

.090 
.160 

.070 
.180 

.080 
.170 

.224 
16.50 

.230 
5.60 
Tr. 

.230 
8.50 
Tr. 

.280 
9.0 

Tr. 

.250 
10.0 

Tr. 

.260 

ao 

.250 
8.0 

Sulnhates. ........... 

No.  151  (167).  Bastlake.  November  21, 1892.  From  town  supply  pipes.  Clear  after  filtering;  putrid 
odor  on  standing.  Microscope  shows  vegetable  debris.  (Onnpare  with  No.  188;  the  deep-rock  well 
character  of  this  water  is  plain.) 

No.  152  (279)  Garo.    July  27, 1885.    Microscope  shown  vegetable  d6briii.    CJloudy,  alkaline. 

No.  158  (270).  Manistee.  June  29,  1895.  Probably  f^m  lake.  Slight  milkiness,  alkaline.  Mirro- 
scoi>e  shows  vegetable  debris  and  inorganic  matter,  alge,  infusoria.  Agrees  quite  closely  with  Noe. 
1  and  146. 

No.  154  (241).  Grand  Bapids.  November  5,  1894.  Alkaline.  Microscope  shows  algie,  desmids, 
diatcmis,  bacteria,  infusoria,  vegetable  d6bris,  inorganic  matter. 

No.  156  (176).  Kalamasoo.  October  31, 1893.  Odor  stale;  alkaline.  Microscope  shows  vegetable 
debris,  with  vegetable  and  animal  microorganisms. 

No.  156  (237).  Grand  Bapids.  September  4,  1884.  Alkaline.  Microscope  shows  algie,  infbsoria, 
inorganic  matter,  vegetable  d6briB. 

No.  157  (235).  Grand  Bapids.  September  4, 1894.  Alkaline.  Microscope  shows  inorganic  matter, 
vegetable  d6bri8,  inftuoria,  alge. 


158  (227). 
Grand 
Bapids. 

159  (139). 
Holland. 

160(224). 

Grand 

Bapids. 

161  (271). 
Manistee. 

162  (225). 
Grand 
Bapids. 

163  (342). 

Traverse 

City. 

164  (867). 

Traverse 

City. 

Besult  of  inoculation . 

Number  of  bacteria 
in  72  hours 

+ 

LiquefiEU}- 
tion. 

120 

Tr. 

Tr. 

OM00184 

.000088 

.00948 
.00698 

+ 

Liquefac- 
tion. 

LiouttfiM)- 
tion. 

+ 

LiquellM)- 
uon. 

Liquefied. 

12 

Nitrites 

Nitrates 

Albuminoid  ammonia 

Free  ammonia 

Permanganate  re- 
duced  

Tr. 
0.00003 
.000016 

Tr. 

0.000082 

.000006 

Tr. 

0.0000346 

.0000026 

.002 
.00825 

0.0002 
.00098 

0.000215 
.000056 

0.00006 
.000005 

.002 
.0088 

Chlorine  as  NaCl 

Organic  residue 

Inorganic  residue. . , . 

Total  residue 

Hardness 

.0166 

.01485 

.00247 

.01485 

.090 
.160 

.070 
.180 

.057 
.202 

.07 
.190 

.167 
.113 

.120 
.160 

.100 
.185 

.250 
11.0 

.250 
10.0 

Tr. 

.250 

12.0 

.260 
9.1° 
Tr. 

.280 
12.0 

.280 
13.20 

.285 
11.0 
Slight  tr. 

Snlnhfttea . 

.] 
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No.  158  (227).  Grand  Rapids.  Augnst  0, 1804.  Alkaline.  Microscope  shows  yegetable  d6bris, 
diatoms,  infasorfa,  bacteria. 

No.  150  (130).  Holland.  Karoh  3, 1802.  Prom  shallow  well.  Microscope  (100  diameters)  shows  inde- 
tenninate  grannies;  (SCO  diameters)' vegetable  cells,  a  few  green  algss.  (('ompare  with  No.  147  and 
note  that  the  water  from  the  shallow  well  is  more  highly  mineralised.) 

No.  160  (224).  Grand  Rapids.  Angnst  8,  1804.  Alkaline.  Microscope  shows  vegetable  debris, 
algae,  diatoms,  infitsoria.    (See  index  for  other  analyses.) 

No.  101  (371).  Manistee.  June  20, 1806.  Alkaline.  Microscope  shows  a  few  nnicellnlar  plants  and 
animals. 

No.  IIQ  (225).  Grand  Rapids.  Angnst  8,  1804.  Alkaline.  Microscope  shows  vegetable  debris, 
algse,  diatoms,  infusoria. 

No.  163  (342).  Traverse  Gity.  November  0,  1806.  Microscope  shows  small  amonnt  of  vegetable 
d«bria.    (See  No.  148.) 

No.  164  (967).  Traverse  CJity.  Angnst  27,  1807.  From  lake  or  well.  Slight  opalescence.  Micro- 
scope shows  small  amonnt  of  vegetable  debris. 


166(226). 

Grsnd 

Rapids. 

1 

166  (268). 
Grand    | 
Rapids. 

14y7  (242). 

Grand 

Rapids. 

168  (202). 
Dowa- 
giac. 

160  (320). 

Grand 

Rapids. 

170  (78). 

Three 

Rivers. 

171  (104). 
Three 
Rivers. 

Resnltof  inoculation . 

+ 

^^ 

_ 

-f 

_ 

^^ 

MB» 

Nnmber  of  bacteria 
in  72  hours 

Lianefac- 
uon. 

50 

2,000 

50 

40 

8 

248 

,  Nitrites 

Tr. 

0.000043 

Very  ft.tr. 

Nitrates 

Tr. 

VeryfLtr. 
0.000208 

Tr. 

Tif 

Albuminoid  ammonia 

0.000052 

0.000043 

0.000013 

0. 0000133 

.000010 

0.000212 

Free  ammonia 

.000026 

.0000132 

Tr. 

.000015 

.0001286 

.000015 

.000108 

Permanganate      re- 
dnoctd. .  .....••...■. 

.001 
.002475 

.0006 
.006288 

.005378 
.0000 

Chlorine  as NaCl .... 
Organic  residue 

.01465 

.0108 

.0165 

.00181 

.110 

.070 

.0750 

.060 

.160 

.130 

.0760 

Inorganic  residue 

Total  residue 

.100 

.220 

.215 

.210 

.132 

.163 

.220 

.300 

.200 

.200 

.200 

.202 

.203 

.206 

Hardness 

11.  o 

8.30 
Pttr. 

0.0 
Tr. 

13. 0 
Tr. 

17. 0 

14.2° 

14. 0 

Sulphates 

No.  165  (226).  Grand  Rapids.  August  0,  1804.  Alkaline.  Microscope  shows  vegetable  debris, 
algsB,  diatoms,  bacteria,  inftisoria. 

No.  166  (268).  Grand  Rapids.  June  10, 1805.  Yellowish,  alkaline.  Microscope  shows  alge,  dia- 
toms, inorganic  deposits,  nnicellnlar  plants  and  animals. 

No.  167  (242).  Grand  Rapids.  November  5,  1804.  Alkaline.  Microscope  shows  algse,  desmids, 
diatoms,  bacteria,  infusoria,  vegetable  d6bris,  inorganic  matter. 

No.  168(202).    Dowagiac.    November  10, 1805.    Alkaline.    Microscope  shows  inorganic  matter. 

No.  100(320).  Grand  Rapids.  August  22, 1806.  From  Grand  River;  Altered.  Opalescent.  Micro- 
scope  shows  ffmall  amount  of  amorphous  sediment. 

No.  170  (78).  Three  Rivers.  May  5,  1800.  From  a  well.  Microscope  (100  diameters)  shows  inor- 
ganic salts ;  (500  diameters)  hexagonal  crystals,  a  few  algse,  yellowish  amorphous  organic  matter  iv 
fflnall  amount. 

No.  171  (104).  Three  Rivers.  December  23,  1890.  Microscope  shows  algse,  crystals,  amorphous 
material,  diatoms,  Drapamaldia,  crystals  of  NaCl,  yellowish  amorphous  matter. 
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172  (876). 
Lansing. 

178  (276). 
Flint. 

174  (265). 

Grand 

Bapids. 

175  (291). 
Pontiac. 

176  (269). 
Grand 
Rapids. 

177  (137). 
Adrian. 

178  (248). 

Grand 

lUplds. 

E«8alt  of  inooolation . 

Number  of  iMoteri* 
in  72  hours 

Kitrites 

97 

+ 

• 

Liqnelied. 

Tr. 
Tr. 
0.00004 
.00001 

.006 
.005 

+ 

Liquefac- 
Don. 

81 

76 

+ 
44 

Tr. 
Tr. 
0.0003 
.00006 

.008 
.010 

50 

Nitrates 

Tr. 
0.0001 
.00009 

- 

Tr. 
0.00008 
.00001 

Albuminoid  ammonia 

Free  ammonia 

Permanganate  re- 
duced  

0.0000133 
.0000063 

.002 
.0083 

0.000047 
.000016 

0.000044 
.00002 

Chlorine  as  NaCl.... 

Organic  residue 

Inorganic  residue — 

Total  residue 

Hardness 

.01897 

.0066 

.007426 

.0182 

.110 
.189 

.020 
.280 

.080 
.270 

.060 
.240 

.07 
.290 

.0474 
.257 

.120 
.190 

.299 
9.80 

.300 
10. 0 

.300 
7.7» 
Fttr. 

.300 
12.  o 
Ft.tr. 

.800 
7.6° 
Ft.tr. 

.3oa 

12. 1° 
Tr. 

.810 
10.  o 
Ft.tr. 

Sulnhates^ .., , 

No.  172  (876).  Lansing.  November  19, 1897.  From  wells  in  drift.  Microscope  shows  considerable 
amount  of  amorphous  debris,  probably  iron  rust.    (See  index  for  other  analyses.) 

No.  178  (276).    Flint.    July  20, 1895.    Microscope  shows  only  indeterminate  granules. 

No.  174  (265).  Grand  Rapids.  June  19, 1895.  ^Yellowish,  alkaline.  Microscope  shows  alg»,  dia- 
toms, unicellular  plants  and  animals,  inorganic  deposit.    (See  index.) 

No.  175  (291).  Pontiac.  October  25, 1896.  Slight  milkiness,  alkaline.  Microscope  shows  inorganic 
matter,  unicellular  plants  and  animals.    (Ck>mpare  No.  218.) 

No.  176  (269).  Grand  Rapids.  June  29,  1896.  Yellowish,  alkaline.  Microscope  shows  diatoms, 
algie,  inorganic  matter,  unicellular  plants  and  animals. 

No.  177(127).    Adrian.    Norember  23, 1891.    Slightly  turbid. 

No.  178  (248).    Grand  Bapids.    December  20, 1894.    Alkaline.    (See  index.) 


179  (266). 

Grand 

Rapids. 

180(849). 
Union 
City. 

181  (273). 

Ann 
Arbor. 

182(370). 
Lansing. 

188(175). 

Ann 

Arbor. 

184  (105). 
St.  Johns. 

185  (197). 
Merrill. 

Result  of  inoculation . 

Number  ot  bacteria 
in  72  hours 

Nitrites 

Liqnefao* 
tion. 

Liquefac- 
tion. 

Tr. 

Tr. 

0.0000266 

.000008 

.002+   ' 
.0099 

Liquefied. 

285 

80 

+ 
Liquefied. 
0.00000416 

10 

Nitrates 

Tr. 
0.00004 
.00002 

.006 
.012 

Tr. 
Tr. 

0.0000532 

Albuminoid  ammonia 

Free  ammonia 

Permanganate  re* 
dnoed ........... 

0.000046 
.00002132 

0.000018 
.00002133 

.004 
.01485 

0.000018 
.00002 

.007 
.00075 

.00013 
.000472 

.02464 
.01815 

Chlorine  as  NaCl 

Organic  residue 

Inorganic  residue 

Total  residue 

Hardiie"" .. 

.018875 

.0043 

.120 
.200 

.120 
.200 

.180 
.200 

.100 
.232 

.030 
.310 

.148 
.201 

.055 
.295 

.390 
7.70 
Tr. 

.320 
11.0 
Tr. 

.330 
8.50 
Tr. 

.382 
4.80 

.340 
16. 0 
Tr. 

.349 
16. 50 

.360 
8.10 

Bulphateti .,„... 

No.  179  (266).  (}rand  Rapids.  June  19, 1896.  Yellowish,  alkaline.  Microscope  shows  algm,  inor* 
ganic  deposits,  diatoms,  large  number  of  unicellular  organisms.    (See  index.) 

No.  180  (349).  Union  CMty.  January  22, 1897.  (^ty  water  supply,  probably  from  driven  wells,  and 
is  notably  weaker  than  the  well  water  (No.  200).    Microscope  shows  small  amount  of  organic  matter. 
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Kok  181  (273).  Ann  Arbor.  July  15,  1806.  Probably  from  wella.  MioroMM^e  showB  inorgsnio 
deposit.    (See  index  for  other  analysee.) 

If  Ob  182  (370).  Laneing.  September  SO,  1807.  (Tlty  water  anpply .  Probably  principally  from  wella  to 
the  base  of  the  drift.  Kedaie  giyee  .271  tot«l  solids,  of  which  .157  is  organic,  .0008  free,  and  .0001 
slbominoid  ammonia,  with  a  hirdnesa  of  13^.  There  is  probably  an  error  in  the  hardness  giyen. 
Opalesomt.    Hicroscope  shows  small  amomit  of  organic  matter. 

No.  183(175).  Ann  Arbor.  December  1, 1808.  FromwelL  Slight  milkiness,  alkaline,  liicroscope 
■hows  vegetable  debris,  inorganic  matter.    (Compare  No.  88.) 

Kou  184  (106) .  St.  Johns.  Jannary  17, 1807.  Microscope  shows  crystals  of  KaCl,  badlli,  Drapamal- 
dia,  Conferva,  Paramedai  diatoms. 

ISo,  185  (197).  MeirilL  June  22, 1888.  Hksroccope  shows  a  few  vegetable  fibers.  The  low  degree  of 
hardneaa  of  the  water  from  this  well  for  the  degree  of  minerali  nation  is  noteworthy  and  pointa  to 
the  preeenoe  of  sodio  suiphale. 


186(283). 

Dowa- 

giac. 

187(247). 

Grand 

Bapids. 

188  (280). 

Grand 

Bapids. 

189  (106). 
St.  Johns. 

190  (129). 
Pontiac. 

191(272). 
Pontiac 

192(889). 
Pontiac. 

Beaolt  of  inocolatlon 

Number  of  bacteria 
ln78lMKiZ8 

Nitrites 

45 

700 

150 

Tr. 

Tr. 

0.000062 

.00001 

.00001 
.00718 

8,464 
Veryttr. 

80 

Tr. 
Tr. 
0.0001 
.00018 

.003 
.012 

+ 

Liane- 
fscoon. 

68 

Nitntes 

Tr. 
0.0001 
.000012 

Free  ammonia 

Permanganate  re- 

0.00001 
.000021 

0.000122 
.000094 

.11584 
.01815 

0.000036 
.000024 

0.000018 
.000028 

.004 
.06675 

Chlorine  as  NaCl  — 

Organic  residae 

Inorganic  reeidne 

Total  reeidne 

Hardness 

.00181 

.0166 

.06775 

.180 
.220 

.070 
.280 

.080 
.280 

.132 
.242 

.180 
.250 

.060 
.880 

.140 
.240 

.350 
18.  o 
Tr. 

.850 

11.0 

.360 
8.0 

.874 

« 

20.10 
.1455 

.880 
15.50 

.880 
9.6» 

.880 
6.70 

No.  186  (293).  Dowagiao.  November  19, 1886.  Alkaline.  Microscope  shows  deposit  of  inorganic 
matter.    This  differs  from  No.  168  mainly  in  organic  matter. 

No.  187  (247).  Grand  Bapids.  December  20, 1894.  Microscope  shows  inorganic  matter,  a  few  nni- 
eellnlar plants.    Alkaline.    (See index.) 

No.  188.  Grand  Kapida.  September  4, 1894.  Microscope  shows  alg»,  infosoria,  vegetable  fibers, 
and  Inorganic  matter.    Alkaline.    (See  index.) 

No.  189  (106).  St.  Johns.  November  7,  1891.  Microscope  shows  crystala,  colorless  amorpbons 
matter,  diatoms,  desmids,  germa,  navicnla,  NaOl  crystals,  fibers. 

No.  190  (129).  Pontiac  January  16, 1893.  From  a  weU,  slightly  turbid.  Microscope  shows  fresh- 
water algm.    This  and  the  following  analyses  have  a  relatively  large  amount  of  organio  matter. 

No.  191  (272).  Pontiac.  July  1, 1886.  Slightiy  milky,  strongly  alkaline.  Microscope  shows  nni- 
oslliilar  plants  and  animals,  inorganic  matter. 

No.  192  (869).    Pontiac.   May  28, 1897.   Microscope  shows  small  amount  of  amorphous  matter. 
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Besnlt  of  inocalation . 
Number  of  iMUsteria 


in  72  hours. 


Nitrites 
Nitrates 


Albuminoid  ammonia 
PT«e  ammonia 


Permanganate  re 
duced 


Cl.asNaCl 


Organic  residue 

Inorganic  residue. . . . 

Total  residue 

Hardness 

Sulphates 


198  (274). 
Sher- 
wood. 


Liquefied 

0.00004 

Large 
amount. 

0.00005 

.00006 

.008 
.011 


194  (208). 
Petoskey. 


0.000012 
.000006 


195  (334). 

Union 

City. 


00246 


Liquefied 

Tr. 
Tr. 

0.000024 
.0000026 

.0035 
.01485 


196  (137). 
Holland. 


.170 
210 


.380 
12.90 


140 
240 


.276 
.112 


.380 
11.0 
.00540 


.388 
13.  o 
Tr. 


20 

Tr. 
Tr. 

0.00009 
.000068 

.005672 
.01385 


197  (264). 
Adrian. 


Liquefac- 
tion. 


Ft.  tr. 


196  (371). 
Battle 
Creek. 


85 


Tr. 
Tr. 


0.000022       0.000014 
. 00001066     . 00001 

I 

I 

'     .002+ 
.330 


. 012375 


.217 
.173 


.080 
.320 


.390 
10.50 
Tr. 


.400 
10.40 
.460 


.056 
.402 


.458 
5.90 
Tr. 


199  (240). 
Ann  Ar- 
bor. 


Tr. 


0.00003 
Tr. 


.00096 


.100 
.320 


.420 
14.  o 
Tr. 


No.  193  (274) .    Sherwood.    July  15, 1896.    On  June  20, 1893,  a  test  (198)  gave  no  inoculation  effect  and 
but  464  bacteria  in  72  hours.    This  water  has  an  undue  amount  of  organic  matter. 

No.   194  (208).    Petoskey.    February  9,  1894.    Slight  yellowish  brown  color;  reaction  alkaline. 
Microscope  shows  small  deposit  of  inorganic  matter  and  plant  detritus. 

No.  195(334).    Union  City.    September  8,  1896.    Opalescent.    Microscope  shows  small  amount  of 
organic  d6bris. 

No.  196  (137).    Holland  waterworks,  1.  e.,  jyoesibly  from  driven  wells.    March  2, 1892.    Microscope 
(100  diameters)  shows  indeterminate  granules;  (500  diameters)  vegetable  fibers,  molds. 

No.  197  (264).    Adrian.    June  3, 1895.    Yellowish,  musty,  alkaline.    Microscope  shows  small  inor 
ganic  deposit.    Weakest  of  Adrian  analyses. 

No.  198  (371).    Battle  Creek,  city  pump.    October  5, 1897.    Microscope  shows  very  small  amount  of 
organic  matter. 

No.  199  (340).    Ann  Arbor.    Novembers,  1894.    Alkaline. 


200  (348). 

Union 
City. 

201  (195). 
Howell. 

202  (343). 

Mance- 

lona, 

T.29N., 

K.6W. 

203  (263). 
Adrian. 

204(288). 
Adrian. 

205  (267). 

Grand 
Rapids. 

206  (213). 
Saginaw. 

Besnlt  of  inoculation . 

Number  of  bacteria 
in  72  hours 

Liquefac- 
tion. 

Tr. 

Tr. 

0.0000346 
.0000018 

.004+ 
.0299 

Count- 
less. 

Liquefac- 
tion. 

Tr. 

Tr. 

0.0000458+ 
.0000093+ 

.018— 
.00825 

+ 

Liquefac- 
tion. 

+ 
150 

Ft.tr. 
Tr. 

0.00012 
.00008 

Liauefac- 
tion. 

Very  dis- 
tinct tr. 

0.000058 

.00001066 

Lique&o- 
tion. 

Tr. 

Nitrites 

Nitrates 

Tr. 

0.00016 
Ve^ft. 

Ft.tr. 

0.000036 
.000016 

Albuminoid  ammonia 
Free  ammonia 

Permanganate  re- 
dnced 

Chlorine  as  NaCl 

Organic  residue 

Inorganic  residue — 

Total  residue 

Hardness ............ 

.000881 

. 01815 

.0165 

.0312 

0.00196 

.177 
.253 

.200 
.250 

.231 
.23V 

.150 
.330 

.196 
.284 

.180 
.340 

.030 
.500 

.430 
14. 0 

Tr. 

.450 
6.0 

.462 
15. 0 

.480 
10.50 
.68978 

.480 
12.0 
Tr. 

.520 
7.80 
Ft.tr. 

.530 
7.0 

Sulnhates. .■■■....... 

LaHk.] 
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No.  SOO  (348).  Union  City.  Janiuury  22, 1897.  From  welL  IQcrosoope  shows  small  Amount  of 
organic  matter.    (Compare  Nos.  180  and  105.) 

No.  aoi  (105).  Howoll.  June  26, 1803.  From  proposed  water  supply.  Microscope  shows  a  few 
vegetable  fibers,  diatoms,  etc    Agrees  well  with  Kedzie's  analysis. 

No.  209(343).  Manoelona.  Kovember  14,1806.  From  a  well.  Water  similar  to  the  lake  water 
(analysis  No.  48).  Inorganic,  but  with  less  organic  matter.  Light  yellow,  opalescent;  odor  marked. 
Microaoope  shows  considerable  amount  of  regetable  matter. 

No.  203  (263) .  Adrian.  June  3, 1896.  Yellowish,  musty,  alkaline ;  diatoms,  a  few  unicellular  organ- 
isms, inorganic  matter.  There  is  some  error  in  the  amount  of  sulphates  in  these  Adrian  analyses 
(Nos.  203,  204,  210) ;  charged  with  decomposing  sulphides. 

No.  204(288).  Adrian.  September  23, 1896.  Dirty,  yellow,  stale,  alkaline.  Microscope  shows  large 
amount  of  inorganic  matter,  unicellular  plants  and  animals. 

No.  205  (267).  Grand  Bapids.  Jnne  10, 1806.  Alkaline.  Microscope  shows  smsll  deposit  of  inor> 
ipyds  matter. 

No.  206(213).  Saginaw.  May  26, 1804.  Alkaline.  Microscope  shows  small  deposit.  (Compare  No. 
213;  rather  stronger  than  Saginaw  Biver  sad  yet  much  lees  minerslised  than  Nos.  108-110  snd  214.) 


207  a88)- 

206(85). 

200  a77). 

210  (275). 

211  (103). 

212  (87). 

213  (80). 

Okemos. 

Gladwin. 

aoo. 

Sher- 
wood. 

Pontiac 
(well). 

Gladwin. 

Gladwin. 

BesuH  of  inoculation 

_ 

+ 

.. 

+ 

... 

^ 

Number  of  bsoteria 
in  72  bonis 

Liquefied 

0.00066 

Heavy  tr. 

Liquefied 
0.000271 

200 

Liquefied 

0.00006 

Large 
amount. 

265 

12 

315 

Nitrites 

Faint  tr. 
0.0000192 

Nitrates 

Tr. 

0.00036 

0.000102 

0.000004 

0.00004 

0.000368 

0.000116 

0.0000U 

Free  ammonia 

.000158 

.00026 

.000002 

.00008 

.000366 

.000626 

.000374 

Permanganate    r  e  • 
dnoed  ...........■■■ 

.1106 
.0040 

• 

.0003614 
.00182 

.00316 
.000625 

.006 
.035 

.04834 
.04465- 

.04424 
.02145 

.0008 
.0118 

Chlorine  as  NsQ 

Organic  residue 

.270 

.211 

.030 

.360 

.280 

.125 

.168 

Ittorgsnio  residue. . . . 
Total  residue 

.270 

.834 

.52 

.220 

.310 

.473 

.488 

.540 

.546 

.560 

.570 

.600 

.608 

.642 

ITardnens  .>■«■■ 

14. 50 
.00682 

16. 50 
.002425 

11.0 

12.0 

7.50 
.08487 

17. 0 

7.20 
.0888 

Snlnhatfis  ........... 

No.  207  (186).     Okemos.    Norember  18,  1802.     From  weU.    Microscope  shows  pigment  granules 
vegetable  debris,  woody  fiber. 

No.  206  (85).  Gladwin.  Jnne  10, 1890.  From  well  with  much  organic  matter.  Mlorosoope  shows 
tlixee  varieties  of  crystals,  yellow  and  green  amorphous  matter,  a  few  genns.     (See  Nos.  212,  213.) 

No.  200  (177).  Kalamasoo.  October  21,  1893.  Alkaline.  Microscope  shows  vegetable  d6bris. 
(See  index.) 

Na  210  (275).     Sherwood.    July  15, 1805. 

No.  211  (106).  Pohtisc.  November  15,  1890.  Microscope  shows  organic  d6bri8,  brownish  yellow 
amorphous  matter,  algas;  colorless,  odorless  amorphous  matter  and  yellow  amorphous  matter;  spheri- 
cal germs,  Osoillatoris,  Brapamaldia,  crystals  of  Na(}l.  .The  large  amount  of  organic  matter  points 
to  a  suriisoe  water. 

No.  212  (87).  Gladwin.  July  28, 1890.  Microscope  (100  diameters)  shows  vegetable  fiber,  yellow 
amorphous  matter,  crystals;  (600  diameters)  red  amorphous  material,  yellow  amorphous  material, 
many  bacilli,  crystals,  probably  NaCL 

No.  213  (80).  Gladwin.  May  17,  1890.  Turbid.  Microscope  (100  diameters)  shows  vegetable 
fiber  and  reddish  amorphons  matter;  (500  diameters)  4  species  of  bacteria,  a  few  dlatioms,  colorless 
crystals.    (SedNOb208.) 
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214(228). 
Saginaw. 

215  (99). 
Parma. 

216  (17)0. 
Bay  City. 

217  (102). 
Bay  City. 

218  (290). 
Pontiao. 

219  (316). 
Holland. 

220(92). 
Wyan- 
dpbe. 

Besolt  of  inoonlatioii . 

Namber  of  bacteria 
in  72  Hoars 

VitriteB 

+ 
100 

1,340 

0.000234 

.01143 

.000124 

.w00224 

.01896 
.10066 

480 
0.0028 
.006 

.0000288 
.0008 

780 

73 
Tr. 
Tr. 
0.0002 
.000016 

.087 
.014025 

+ 

900 
Tr. 
Tr. 
0.00006 
.000007 

+ 

• 

2,580 

0.000247 

.01806 

.00056 

.00046 

.04108 
.2664 

Kitrates 

Tr. 
.00026 
.00004 

0.000617 
.00038 
.000176 

.05628 
.88996 

Albnminoidammooia 

Free  ammonia 

Permanganate    r  e  • 
duoed. 

Chlorine  as  NaCl 

Organic  residue 

Inorganic  residae. . . . 

Total  residae 

Hardness ,-,,-,,--,,. 

.0099 

.120 

.06260 

.040 
.600 

.247 
.462 

.340 
.610 

.312* 
.678 

.42 
.68 

.100 
.970 

.240 
.860 

.640 
2.0 
Tr. 

.699 
10.60 
.8763 

.880 
7.60 

0 

.890 
16.  o 
.01848 

.96 
6.0 
Tr. 

L070 
18.  o 
Tr. 

1.090 

13.  o 

Strong 
tr. 

Snlnhates. 

• 

No.  214  (228).  Saginaw.  Angost  11, 1894.  From  deep  well.  Note  tbe  relattyely  low  hardness  and 
oompare  with  No.  116;  probably  a  rook  well.    Alkaline.    Microscope  shows  vegetable  d6bris,  algn. 

No.  216  (99) .  Panna.  November  26, 1890.  The  amount  of  sulphates  would  be  appropriate  for  a  rook 
well.  lilcrosooi>e  (100  diameters)  shows  fibers,  yellow  amorphous  matter,  white  amorphoas  matter, 
alg»,  animalcnl»;  (600  diameters)  fibers,  yellow  amorphous  matter,  white  amorphous  matter,  blue 
spores,  short  thick  bacilli,  parameoia,  osciUatorlcD. 

No.  216  (170).  Bay  City.  March  7,  1898.  Granular  sediment,  alkaline.  Mioroecope  shows  fiingua, 
spores,  and  monads. 

No.  217  (102) .  B^y  City.  November  20, 1890.  MiorDscope  (100  diameters)  shows  fibers,  yaUow  amor- 
phous matter,  colorless  amorphous  matter,  germs;  (500  diametersf  algie,  diatoms,  bacilli.  Slightly 
doudy,  alighily  musty.    The  organic  matter  and  sulpliates  suggest  contamination  by  salt  wastes. 

No.  218  (290).  Pontiac  October  26,  1896.  From  weU.  Alkaline;  sUghtly  milky.  Mioroecope 
shows  vegetable  debris. 

No.  219  (816).  Holland.  May  15, 1896.  Milky,  alkaline.  Microscope  shows  large  amount  of  inor- 
ganic matter.    (See  index.)    This  well  is  probably  in  the  Marshall  sandstone,  improperly  cased. 

No.  220  (92).  Wyandotte.  November  12, 1890.  From  well.  Color,  dirty.  Microscope  (100  diame- 
ters) shows  crystals, yellow  amorphous  matter,  white  amorphous  matter;  (600  diametecs)  NaCl  erys- 
tals,  algn.    YeOow  and  white  amorphous  matter,  precipitated  sulphur. 

Na  221  (209).  Holt.  February  9,  1894.  Microscope  shows  deposit  of  inorganic  matter,  alge,  and 
plant  detrlttaa  in  small  amount.    (Compare  Lansing  analyses.)    This  is  probably  a  rock  weUL 


221  (209). 
Holt. 

222(262). 

228(88). 
ImlayCity. 

224(86). 
ImlayCity. 

^r'- 

2000 

Distinct  tr. 
Distinct  tr. 
0.00005 
.00003 

.008 
.02476 

+ 

Liquefao- 
non. 

0 
Ft.tr. 

+ 
120 

Number  of  bacteria  in  72  hours . . 
Nitrites 

Nitrates 

Ft.tr. 
0.00011 
.0002982 

A  ibqinlnold  ammonia-  -,^xx...... 

0.000102 
.000462 

.0082 
1.32826 

0.000062 
.00062 

.000284 
1.821 

0.0000188-1 
.000016 

.006-h 
1.815 

Potassium  permanganate  re- 
'  duoed..... 7. 

Chlorine  as  NaCl 

.0628 

Omnic  residue 

.480 
.740 

.610 
1.070 

.240 
1.486 

.037 
1.648 

.280 
1.946 

TnArmnio  rosidue 

Total  residue 

1.170 

2,6° 

Tr. 

1.680 

8.BP 

1.01784 

1.676 
12.0 

1.685 
12.  o 
.21828 

2.226 

10.  o 

Hardness tf. ........ 

Sulphates 
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Vo.  ai  (208).  AdriuL  June  8,  1895.  Very  yellow,  foul,  aUuJlne.  Mioroeoope  shows  snuUl  bior* 
guuedeposii.    (See  Noe.  808,  SOi.) 

Ko.223(88).  ImlayCftj.  July  88, 1880.  MlcroeeoiM  (100  diameters)  shows  red  smorphoas  matarial, 
eiTitels;  (500  dismeterB)  enblo  crystsls,  feftthery  alge. 

Ho.  884  (80).  ImlAy  City.  June  2i,  1880.  Mioroeoope  (100  diameters)  shows  considemble  sediment, 
yellow  amorphous  matter;  (500  diameters)  oolorless  Mangnlar  prisms.  ▲  fliw  red 'spots  in  the  ydlow 
orgsnio  matter.  Kote  the  Lirffe  amoont  of  salt  in  these  two  analyses;  almost  certainly  from  a  rock 
well,  perhape  706  feet  deep.    (See  (3eoL  Sarrey  Mioh.,  VoL  Y,  Pt  H,  PL  XXII.) 

Ko.  886  (3S7).  Utlca.  May  8, 1887.  From  welL  Slightly  opaleeoent.  Microaoope  shows  very  small 
anMrphons  depoali.    (Gompare  with  Birmingham  analyses.) 

MISOELLAIVBOUS  ANALTSBS. 


Oonatttoenl 


OmfXh 
GaCa,. 
CaSO« 


Li^.. 


MgPOn 
MgCl,. 

Si(),... 


Naa 


KaOO|. 


80. 

a 

PA  ... 

Organic 


Total  solids. 


GO,. 


Owosso. 


{ 


Tr. 

o.ieo 

8.885 


{ 


t.968 
.051 
Tr. 


{ 


7.185 
.121 


{ 
{ 
{ 


.684 

.010 

(e).690 

.010 

(«).«»,. 
.014  / 


227. 
Owosso. 


(a) 
}bL     0.440 


}• 


hL      .278 


}bi.       . 


827 


}     (5).  Oil 
}      (0).O8O 


{ 


91.908 
.872 


1.087 


228. 
Leslie. 


bL    0.525 


.121 


bL      .088 


Chester- 
field. 


0.14 
.18 
.15 
.01 


bi.      .180 


bL 


.077 
.038 


bL      .080 


.011 


1.078 
13. 5  oa.in. 


.87 


5.40 


8.29 


280. 
Sanford. 


0.15 


.70 


0.00043 

raO 
.00747 


L25 


18.10 


19.28 


231. 
Hudson. 


00082 


{ 


Tr. 
MgO 
.0602 


fK,0 
I      .00421 
.01972 


rN%0 

I   .02784 
.02077 
.024 
.00078 


.4081 


a  Inelnded  with  SiO,.  b  Inclading  Al,Ok.  e  Including  the  corresponding  potash  salt. 

If o.  228.  Owosso,  city  sopply  weQs.  Dearborn  Drag  and  Chemical  Works,  analyst,  for  B.  F.  Dudley. 
This  analysis  checks  quite  closely  with  No.  100  by  Kedsie;  No.  227  is  somewhat  stronger,  more  like 
the  Baton  Bapida  waters,  and  Tery  like  the  Ledie  magnetic,  No.  238,  and  is,  therefore,  probably  from 
a  well  in  the  Coal  Measures. 

No.  227.  Owosso,  chalybeate.    Given  by  A.  C.  Peale,  Bull.  IT.  S.  (3eol.  Survey  Na  82,  p.  149. 

No.  228.  Leslie  magnetic  wells.  Ghiven  by  Pesle,  opb  cit.,  B.  C.  Kedsie,  analyst.  There  are  a 
number  of  flowing  wells  in  the  Coal  Measures,  both  at  Owosso  and  Leslie,  from  which  the  two  analy- 
ses Just  mentioned  probably  come. 

No.  2S8.  Section  line  between  sections  2  and  11,  Chesterfield  Township  (T.  8  N.,  B.  14  B.).  From 
report  of  Douglas  Houghton,  State  geologist,  1888,  p.  29,  and  Winchell,  1801,  p.  180.  Sp.  gr.  1.0067. 
(Compare  the  Salutaris  (No.  810),  Wales  (No.  122),  Utica  (No.  225),  and  Bixmingham  (No.  285)  analyses, 
waters  of  the  Berea  grit.) 

No.  880.  Sanford.  Sao.  25,  T.  15  N.,  B.  1 W.  This  very  old  analysis  is  probably  of  water  ttom  the 
State  salt  well,  and  the  amount  of  earthy  chlorides  seems  likely  to  be  erroneous.  Sp.  gr.  1.0182. 
(Same  reteenoes  as  No.  229.) 

No.  281.  Hudson  "  Zauberwaseer."    Analysed  for  Dr.  George  (Thapmsn  by  A.  B.  Prescott  in  1881. 

The  total  of  the  bases  and  adds  amounts  to  0.02454;  this  excess  over  the  total  solids  as  given,  which 
la  the  residue  found  constant  at  230o  F.,  is  mainly  accounted  for  by  the  free  C0|  (0  J0796  parts  per 
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WATERS  PROM  BEDS  ABOVE  THE  MARSHALL  FORMATION. 


Gonfltitiient. 


CaCOs. 
Ca804. 
Fe,Ob.. 
FeCOk. 
MgCOa 


MgCl 

Ka 

SUloioaold. 


NftOO... 
Orfuio. 


Totil 


Temponry  hardneiM . 
Permanent  hardnesB. 


Bayport. 


{ 


10.  S6 
.148 
0 


} 


9.14 
.081 


{ 


.60 
.007 


1.00 
.014 

14.00 
.200 
12.  o 
6.5° 


Bayport. 


bL  0.844 
.010 


.009 


}■ 


.016 


} 


.010 

.022 

bL.a78 


} 


.490 


284. 

A|crionl- 

tnral 
College. 


{ 

10.60 

.151 

{ 

.40 

.006 

{ 


4.97 
.071 


{ 


16.970 
.228 


885. 

Acricnl- 

taral 
College. 


0.206 
Tr. 


.022 
.078 


Tr. 


Tp. 


} 


.325 


236. 
Agrioul* 

taral 

College 

hydrant. 


7.09 
.101 


{ 


t».766 

.321 

3.239 

3.300 


237. 

Asrical- 

toral 

College 

purifler. 


9,797 
.300 


7.799 

.110 

1.170 

L780 


Conetitnent. 


CaOOk 
Ca804 
FeA- 


r    10.90 


{ 


FeCOa 
LiCI.. 


MgCOfe 


Nitrites. 
Nitrates 
K.SO4... 


SiOi 


Naa. 


NaCO,. 


Na|SO« 
NaBr.. 


Organic. 


Total  solids. 


Temporary  hardness . . 
Permanent  hardness . . 

Free  ammonia 

Albuminoid  ammonia. 

O  firom  permanganate. 


238. 
Lansing. 


164 


.96 
.004 


{    . 


6.96 
065 


Tr. 


1.00 
.014 

1.00 
.014 


{ 


4.00 
.057 


{ 


98.00 

I8.0 
7.0 
.00008 
.0001 
.60 
.WJ 


280. 

Lansing 

(artesian 

well). 


11.00 
.167 


.60 
.007 


9.70 
.030 


.60 
.WJ 
.SOO 
.004 


9.990 
.042 


{ 


17.99 
.256 


240. 

Lansing 

(oondensed 

milk 
factory). 


99.00 
.814 
0 
.60 
.007 


4.00 
.067 


.60 
.007 


8.00 
.048 


96,00 
.857 


66.00 
.786 


241. 

Lansing 

(Ameri- 

oanns 

spring.) 


} 


108.086 


}■ 


8.681 
,101 


\  hi.  80. 


600 


} 


14.94 
8.96 


980,994 
Y^.  118,08 


80,066 


}• 


242. 

Lans 
(magneti( 
spring). 


etlc 


bl.  1.537 


bL  .027 
bL  .320 


.218 
.067 

4.576 

bLLOOl 
.420 


8.768 


aPlasKCl. 
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Analyses  Nos.  232  to  240  were  all  prepared  by  B.  G.  and  F.  S.  Eed- 
zie,  except  Kos.  236  and  237,  the  averages  of  partial  analyses  by  a  class 
of  ten  of  their  students,  and  No.  233,  which  was  made  by  A.  B.  Prescott 
Kg.  232  was  given  incorrectly  in  Creological  Sarvey  Michigan,  Vol.  Y, 
Part  II,  1895,  page  32.  The  sample  is  from  a  well  near  the  BayxK>rt 
Hotel,  and  the  analysis  is  given  inaccurately  on  its  circulars.  Tlie  well 
goes  down  15  feet  into  a  bed  said  to  be  sandstone,  which  must  be  one 
of  the  sandstones  associated  with  the  Ba3rport  limestone  of  the  upper 
Grand  Bapids  series,  since  theoutcrops  on  the  bluff  near  by  are  limestone. 

No.  233  is  of  water  from  the  Bayport  station,  September  19, 1891. 
Analyst,  A.  B.  Prescott,  for  W.  L.  Webber.  Beaction  faintly  alkaline. 
The  residue  of  half  a  liter  was  tested  for  K,  Li,  and  Br.  Saline  solids 
determined  directly  were  0.5006  per  thousand. 

These  two  analyses  resemble  each  other  in  the  small  amount  of  mag- 
nesia.   The  Bayport  limestones  are  usually  quite  low  in  magnesia. 

No.  234  is  of  water  fk'om  the  Agricultural  College  well,  October  9, 1891. 
Furnished  by  Professor  F,  8.  Kedzie. 

No.  235  is  an  analysis  of  water  from  the  same  well,  cited  in  an  article 
on  boUer  water  purification  by  Prof.  B.  0.  Oarpenter  (Transactions  Am. 
Soc.  Mech.  Engineers,  Yol.  XI,  p.  939),  in  which  the  well  is  said  to  be 
260  feet  deep.  As  a  fnatter  of  fact,  Profensor  Weil  assures  me  that 
but  one  well,  470  feet  deep,  has  been  used.  Another  weU,  just  sunk 
(1899)  to  325  feet,  found  flowing  water  at  a  less  depth.  Professor  Oar- 
penter probably  refers  to  depth  of  chief  stream.  L.  J.  Lincoln's  record 
of  the  well  and  a  full  history  of  it  are  left  to  a  later  paper.  It  probably 
draws  water  both  from  the  Marshall  and  beds  above. 

No.  236  is  of  the  same  water  drawn  from  the  hydrant,  and  is  the 
average  of  analyses  by 'ten  students. 

No.  237  is  of  water  taken  from  the  purifier,  and  shows  the  effect  of 
aeration  and  heating  nearly  to  boiling  in  precipitating  the  lime  and 
reducing  the  hardness. 

Nos.  235  and  236  agree  well  in  total  solids,  and  the  variation  in  No. 
234  is  probably  due  partly  to  different  conditions  of  pumping  and 
partly  to  different  points  of  sampling.  Analyses  172A  said  172B  in 
the  Appendix  show  that  such  variations  make  appreciable  differences. 

No.  238  is  of  the  Lansing  city  supply,  which  is  obtained  from  wells 
of  various  depths,  40  to  150  and  more  feet  deep.  It  is  one  of  a  series  of 
analyses  made  every  year  by  Professor  B.  G.  Kedzie.  The  analyses  are 
all  similar,  though  the  total  solids  may  be  as  low  as  19  grains  per  gallon. 
This  analysis  was  made  July  3, 1893,  and  indicates  very  good  water.  It 
is  bard,  however,  and  was  so  heavily  bicarbonated  that  toward  the  end 
of  the  system  dead  ends  of  the  pipes  became  highly  charged  with  iron. 

No.  239  is  of  water  from  an  artesian  (i.  e.,  flowing)  well  in  Lansing, 
which  is  not  specified.  There  are  a  number  of  wells,  generally  about 
200  feet  deep,  which  have  flowed.    (See  records  in  a-later  paper.) 

No.  240  is  .of  water  from  the  deep  well  of  the  condensed-milk  factory 
at  Lansing,  the  record  of  which  is  known,  so  that  it  is  certain  that  none  of 
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the  Marshall  water  is  indaded  (as  may  be  the  case  in  other  wells).  The 
water  is  probably  almost  entirely  from  the  Parma  sandstone— Bayport 
limestone  horizons — as  the  relatively  high  i>erceutage  of  lime  shows. 

No.  241  is  an  analysis  made  in  Chicago  in  1893,  of  water  from  the 
old  mineral  well  of  Lansing.  It  is  still  advertised  as  1,402  feet  deep, 
which  was  the  original  depth  of  the  well;  I  am  informed,  however,  that 
the  water  was  originally  quite  salt;  that  the  well  is  plugged  about  500 
feet  down,  and  cased  probably  only  57  feet— just  to  bed  rock.  Before  I 
had  learned  these  £act8,  however,  this  analysis  and  No.  242  were  suf- 
ficient to  show  such  a  state  of  affairs,  for  waters  so  strong  in  lime, 
relatively  to  salt,  point  to  the  limestones  as  partially  their  source.  The 
GO,  (235.55)  is  added  artificiaUy. 

No.  242  is  an  older  analysis  by  Dr.  Jennings,  taken  from  Peale,  Bul- 
letin XT.  S.  Geological  Survey  No.  32,  page  148.  It  is  from  the  same  well 
as  the  water  of  analysis  No.  241,  which  has  been  variously  known  as 
Lansing  magnetic,  Michigan  Gongress,  and  Americanus.  The  casing 
and  plugging  may,  however,  have  varied. 

BATON   RAPIDS,  MIDLAND,   PORTSMOUTH^   BAY   CITY,  AND    SAGI- 
NAW SPRINGS  AND  WELLS. 


Gonstitaent. 


AJ,(P,0g)a 
CaC0».... 
OaCls 


O11SO4. 

FeCOi. 
MgOOk 


MgCl.. 
MgSO*. 
K,S04. 


K,CO| 


SiO, 


NaCl  ,. 
NsiCOb 
Ka,S04 


LOM. 


Organic. 


Total  BoUda.... 


CO,. 


348. 

Frost 
welL 


0.061 


OM 

084 
130 


225 


.182 


.018 


1.260 
22.22 


244. 

Moaher 
spring. 


0.383 


.775 

bi.  .017 
.077 


.020 
.044 

.016 
.002 


.015 


1.888 
16.88 


245. 

Sterling 
spring. 


0.045 
.048 


.161 


.216 


1.460 


248. 

Shaw 
spring. 


0.866 


bi. 


,827 

,038 
,066 


.022 
.024 

.015 
.198 


.015 


1.569 
16.97 


247. 

Bodine 
spring. 


bL  0.692 


bi. 
bi. 


.039 
.144 


bi.  .052 
.034 

.026 
bi.   .087 


2.067 
17.35 


248.   - 
Midland 
magnetic 
spring. 


0.025 


089 
064 


081 


1.174 
Tr. 


.042 


.467 
.316 

.046 

.086 


2.288 


240 

Midland 

mineral 

spring. 


{ 


1.7$ 
.0247 


6.M 


{  . 


{':" 


0637 


{ 


S.19 
.031 


r  Si.  190 
\      .460 


9.96 
.042 
S9,70 
.467 


97.07 
.316 
3.81 
.046 


{': 


9.47 
036 


{ 


110.90 
1.574 
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1 

Caostitnent. 

280. 

MidlADd. 

If 

261. 

Porte. 

mouth 

(664.fcNyt 

well). 

262. 

Bay  City 

(aiUmoTe 

506-foot 

well). 

268. 
Bast 

SAglnaw 

(676.foot 

weU). 

264. 
Beat 

SacinAw 

(UT^foot 

well). 

266. 

Eaat 
Sagiiuiw 
(617-foot 

well). 

CaCOk 

0.882A 

CaCla 

3.472 
4.884 

6.802 
8.961 

6.37 
2.25(f) 

GaS04 

.6832 

.820 

.006 

Feg0,+  A1,Q. 

MffCOi               •   _- 

fHigCl 

4.888 

4.115 

4.41 
Smmeons. 

12.41 

^^-lya  ................ 

MgBr 

KCl 

Tr. 
.19 
7.878 

SiOi 

HaCl 

126.316 

152.074 

138.0 

194.4 

100.88 

Total  adlids.... 

9.0778 

138.004 

106.052 

156.2 

210.91 

Analyses  Nos.  243  to  247  are  of  waters  from  a  groap  of  wells  in  Eaton 
Bapids.  A  record  of  the  strata  met  in  one  is  on  file  and  will  be  given 
in  a  later  paper,  bnt  the  chemical  variation  in  the  waters  indicates  that 
there  mnst  have  been  some  differences  in  casing  or  depth  at  the  time 
the  analyses  were  made.  These  are  taken  from  Peale  (op.  cit.,  page 
147). 

No.  243  is  of  water  from  the  Frost  well;  S.  P.  Dnffield,  analyst. 

No.  244  is  of  water  from  the  Mosher  spring  (i.  e.,  flowing  wellT); 
B.  C.  Kedzie,  analyst 

No.  245  is  of  water  from  the  Sterling  spring  or  flowing  well;  0.  T. 
Jackson,  analyst. 

No.  246  is  of  water  from  the  Shaw  spring  or  flowing  well ;  B.  0.  Eedzie, 
analyst. 

No.  247  is  of  water  from  the  Bodine  spring  or  flowing  weU;  B.  0. 
Eedzie,  analyst. 

The  large  amounts  of  carbonate  of  lime  and  iron  are  characteristic  of 
the  waters  of  these  wells.  Nos.  227  and  228,  waters  from  Owosso  and 
Leslie,  will  be  recognized  as  belonging  to  the  same  group,  although 
objective  evidence  of  the  fact  is  weak.  The  Lansing  and  Midland 
analyses  (Nos.  241,  242, 248,  and  249)  all  have  the  same  character.  The 
presence  of  i)ota8h  is  less  uniformly  noted,  but  this  may  be  due  to 
defective  analyses.  The  fire  clays  of  the  Goal  Measures  are,  however, 
very  low  in  potash,  so  that  one  could  not  expect  to  And  this  element 
prevalent  in  the  mineral  waters.  Perhaps  it  has  been  leached  out 
into  the  mineral  waters,  and  the  concentration  previous  to  the  forma- 
tion of  the  Goal  Measures  which  deposited  the  gypsum  of  the  Grand 
Bapids  series  may  have  left  the  potash  more  than  usually  abundant 
afterwards. 

No.  248  is  an  analysis  of  the  Midland  magnetic  water,  cited  by 
Peale  (op.  eit),  and  is  probably  from  the  same  well,  possibly  differently 
cased,  as  the  water  of  the  following  analysis,  but  most  likely  is  merely 
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a  different  version  of  the  same  analysis,  as  only  the  K2BO4  differs  mate- 
rially in  the  two  analyses. 

Ko.  240  is  an  an^rlysis  by  Dr.  S.  P.  Daffield  of  water  from  the  Midland 
mineral  springs.  Well  said  to  be  400  feet  deep  and  probably  cased  200 
feet  deep,  i.  e.,  to  bed  rock.  These  should  be  compared  with  other 
analyses  of  wells  of  various  depths  at  Midland.  The  discussion  of  the 
rock  records  and  varying  salinity  of  the  waters  at  Midland  must  be 
left  to  a  later  paper. 

Ko.  250  is  of  the  overflow  water  of  the  casing  of  the  Midland  Chemical 
Company's  well  No.  3,  January  20,  1895.  Analyst,  J.  £.  Graves.  The 
stream  of  water  which  has  forced  itself  up  outside  the  casing  and,  over- 
flowing, yielded  the  sample  analyzed,  is  supposed  to  come  mainly  firom 
between  300  and  600  feet  in  depth,  i.  e.,  from  the  upper  Coal  Measures  at 
about  the  level  from  which  samples  !Nos.  248  and  249  were  taken.  The 
temperature  as  given,  55^  F.,  agrees  with  this.  On  November  2, 1897, 
qualitative  tests  of  this  water  showed  a  specific  gravity  of  1.030.  Tests 
of  water  flowing  from  abandoned  salt  wells  gave — from  Foster's  Block — 
specific  gravity  1.012;  and  from  IJ  miles  west  of  town  1.014,  all  over- 
flowing with  a  strong  current,  and  strong  in  salt  and  sulphates. 
Presumably,  therefore.  No.  250  is  very  largely  but  variably  from  lower 
levels  than  Nos.  248  and  249. 

No.  251  is  of  water  from  a  Portsmouth  (part  of  Bay  City)  664-foot 
well,  with  a  54^  salinometer  brine.  Analyst,  C.  A.  Ooessmann.  This 
and  the  following  analysis  are  commercial  analyses  taken  from  Geo- 
logical Survey  Michigan,  Vol.  Ill,  Pt.  I,  page  182.  They  serve  to  show 
that  the  tendency  to  a  high  percentage  of  sulphates  continues  to  be 
characteristic  of  the  waters  above  the  Marshall,  even  in  the  deeper 
brines  which  have  been  used  for  salt  manufacture. 

This  fact,  so  far  as  I  know,  was  first  remarked  by  Garrigues,  from 
whose  report  the  analyses  are  cited,  and  is  entirely  natural  in  view  of 
the  prevalence  of  gypsum  in  the  Grand  Bapids  series,  and  of  pyrite  in 
the  coal. 

No.  252  is  of  water  from  the  Gillmore  well,  505  feet  deep,  at  Bay  City. 
Analyst  and  authority,  89>me  as  for  No.  251.    Strength,  65^  salinometer. 

Nos.  253  to  255  are  cited  from  A.  Winchell's  report  of  the  State 
geologist,  1861,  and  are  of  water  from  the  first  salt  well  sunk  by  the 
East  Saginaw  Salt  Company. 

No.  253  is  of  the  water  when  the  well  was  575  feet  deep.  Si>ecific 
gravity,  1.110;  64°  salinometer.  Analyst,  Dr.  Chilton.  1,155  grains 
of  solids  and  1,014.57  grains  of  NaCl  in  a  wine  pint.    (Op.  cit,  p.  170.) 

No.  254  is  of  the  water  when  the  well  was  617  feet  deep.  Specific 
gravity,  1.172  grains ;  86^  salinometer.  Analyst,  Dr.  I.  G.  Webb.  1,416 
grains  of  NaCl  and  32  grains  of  other  chlorides  in  a  wine  pint. 

No.  255  is  of  the  same  water  as  No.  254,  and  by  the  same  analyst. 

It  is  hardly  worth  while  to  reproduce  all  Dr.  Houghton's  analyses  of 
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brioe  spring  waters  iu  his  report  of  1838,  because  of  their  early  date.  In 
Huron  Oonnty  the  boundary  of  the  solphated  waters  above  the  Mac- 
shall  is  very  sharp,  the  change  from  waters  giving  a  strong  reaction 
for  snlphates  to  those  giving  no  reaction  coming  within  a  mile.  In  the 
southern  part  of  the  coal  basin  gypsum  deposits  are  not  struck  in  the 
wells  and  the  waters  are  less  sulphated,  being  chalybeate  carbonated 
waters  low  in  magnesia,  not  unlike  those  from  the  drift. 

WATERS  PROM  THE  MARSHALL  FORMATION. 


Constliiieiit. 


GaCOb  . 
GaS04  . 

FeOOk  . 

ua .., 
KgCOi 

MgCl.. 

KgSO«. 
Ka  ... 


SiO, 
NaCl 


TSaCOt 


InoirgKiilo 
Organio.. 


Total  Bolids 


HardneM 

FreeammoniA 

Albianinof  d  ammonia 


266. 

Badaxe 
No.l. 


f    16. 
I 


16.45 
235 
r      7.000 
\        .100 


f    9S.46 
i        .335 
50.9 
.0000024 
.000072 


257. 

Badaxe 
No.  2. 


0.0 


14.80 
.204 
6.S00 
.000 


Gna- 
mere. 


.171 
C1.0025 


259. 

Oak 
Grove. 


{ 


hL  14. 063 
.241 


bi.f.«24i 


18. 70S 
.234 

.01 


{ 


i 


Tr. 

bl.  If.  146 

.206 

1.968 

.021 


\A.6.8t4B 
.100 


{ 


{ 


f.P75 
.061 

Tr. 

98.868 
L685 


$0,660 
.296 
5.2° 
SUghttr. 
.000048 


}• 


10.0 


•{ 


{ 


148.076 
2.506 


Bayport 

828-foot 

well. 


$6.6406 
.440 


.$670 
.044 


}• 


} 

t      .8418 
i(a).144 
68.974$ 
.925 
11.7$49 
Ibl.  .201 


110,4764 
L892 


261. 

OldBa: 
port 


isaT- 
well. 


$6.6$8$ 
.464 


$0.9813 
.360 


}■ 


11.6680 
.198 


.8698 
(a).  015 
138.7109 
2.879 


}■ 


JSe.641$ 
8.408 


aSilioioaoid. 


It  is  not  at  all  certain  that  water  above  the  Marshall  is  not  admitted 
to  many  of  the  wells  represented  Id  these  analyses.    £Yen  where  the 
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upper 'water  is  sapposed  to  be  cased  off  there  maybe  leaks  in  the 
casing.  As  a  whole,  however,  the  analyses  show  very  well  the  charac- 
teristics of  the  formation.  One  featore  which  deserves  special  atten- 
tion is  the  freshness  of  these  waters — ^L  e.,  low  amount  of  mineral  matiker 
for  a  given  depth — compared  with  those  of  other  horizons. 

No.  256  is  of  the  Badaxe  water  supply,  which  comes  from  artesian 
wells,  whose  record  is  known,  over  200  feet  deep  in  the  Marshall.  Par- 
tial analysis  by  F.  S.  Kedzie  in  1897.  This  and  the  following  analysis 
were  made  because  of  complaint  regarding  the  excessive  growth  of  algse. 
This  sample  was  taken  at  the  pump,  while  sample  No.  257  was  taken 
from  the  dead  end  of  a  pipe.  In  this  respect  they  correspond  to  172A 
and  172B.  In  both  cases,  the  sample  taken  farthest  from  the  pump  con- 
tains the  greater  amount  of  matter,  both  organic  and  inorganic.  Sug- 
gested remedies  are  frequent — flushing  and  covering  the  standpipe  so 
as  to  exclude  light.  F.  S.  Kedzie  also  suggested  that  the  reaction  of 
GaS04  with  organic  matter  might  produce  H^S  and  add  to  the  disagree- 
able character  of  the  water,  but  it  is  doubtfdl  if  0aSO4  exists  appre- 
ciably in  the  Badaxe  water.    Qualitative  tests  failed  to  reveal  it. 

No.  258,  Grasmere,  is  of  water  ''from  a  coarse-grained  gray  sand 
rock  reached  at  40  feet  and  extending  138  feet,  rising  to  8  feet  above 
the  surfac^."  Analyst,  A.  B.  Prescott,  for  W.  L.  Webber.  Qualitative 
tests  showed  Oa,  Mg,  Na,  Al,  SO3,  GO2,  Fe  not  more  than  a  trace. 

No.  259  is  of  water  from  the  Oak  Grove  mineral  well  at  Flint,  265  feet 
deep,  flowing  about  9  gallons  j)^  minute.  Analyst,  J.  E.  Clark.  Origi- 
nal statement  in  grains  i>er  United  States  gallon.  There  are  only  39  feet 
of  casing,  and  water  comes  in  above  the  Marshall,  as  the  amount  of 
0aSO4  shows. 

No.  260  is  of  water  from  a  well  328  feet  deep  near  the  Bayport  House, 
Bayport.  A.  B.  Prescott,  analyst  for  W.  L.  Webber.  The  water  said 
to  be  found  in  a  coarse  gray  sand  rock  (upper  Marshall)  at  the  bottom 
(below  250  feet),  but  the  analysis  indicates  that  the  upper  waters  are 
not  altogether  excluded.  This  is  the  flowing  well  just  north  of^  bat 
quite  a  little  below,  the  hotel.  The  temperature  of  47^  F.  is  said  to  be 
the  same  throughout  the  year.  Specific  gravity,  1.0017.  Beaction 
faintly  alkaline.  Analysis,  as  given  in  table,  as  combined  from  GaO 
0.1933,  MgO  0.0421,  NaO  0.5583,  FeO  0.0027,  8O3  0.2582,  01  0.6389, 
GO,  0.1264,  SiO,  0.0111,  total  1.8310.  A  similar  weU  lies  close  to  the 
bay  and  just  west  of  the  railroad  track. 

No.  261  is  of  water  from  the  Old  Bayport  weU.  This  was  a  well 
for  salt,  1,900  or  more  feet  deep;  when  plugged  at  750  feet  the  water 
was  still  salt,  but  when  plugged  at  550  feet  it  was  a  potable  water,  pre- 
sumably the  one  analyzed.  Analyst,  A.  B.  Prescott,  for  W.  L.  Webber. 
Beaction  faintly  alkaline.  Specific  gravity,  1.0029.  The  constituents 
are  combined  from  GaO  0.2978,  MgO  0.0835,  NaO  1.2900,  SO,  0.2110, 
Gl  1.5850,  GOa  0.2368,  SiOs  0.0113,  total  3.7144. 
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No.  262  is  of  water  from  Batterworth's  magnetic  spring,  Grand 
Bapids.  S.  P.  Dnffield,  analyst.  Mr.  Powers  says  that  this  well  draws 
mainly  from  the  npper  18  feet  of  the  Marshall  sandstone — i.  e.,  261-274 
feet  of  the  record  given  by  Winchell — and  that  the  water  contains  more 
CaGU  than  the  water  of  his  well — the  Arcade — which  draws  from  the 
lower  18  feet  of  the  Marshall — i.  e.,  295  to  300  feet  from  the  surface. 
This  would  apply  better  if  we  took  No.  262  to  be  the  analysis  of  the 
Arcade  well  water,  low  in  GaGla,  and  No.  263  to  be  the  analysis  of  water 
from  the  top  of  the  Marshall,  from  which,  indeed,  it  is  derived.  The 
constituents  other  than  the  NaGl  and  the  GaGU  are  remarkably  similar. 

No.  263  is  of  water  from  the  original  test  well,  Scribner's,  at  Grand 
Bapids,  October  14, 1859.  Analyst,  Prof.  L.  R.  Pisk.  Specific  gravity, 
1.01752.  Biennial  report  of  State  geologist,  1861,  pages  146, 167, 186, 
and  Geological  Survey  Michigan,  Vol.  Ill,  Part  I,  page  180.  The  water 
at  248  feet  depth  is  reported  as  fresh,  but  there  are  saline  streaks  at  82 
feet  and  at  140  feet,  so  that  probably  most  of  the  salt,  etc.,  comes  from 
that  section. 

Nos.  264  to  266  are  of  waters  from  wells  within  a  few  miles  of  each 
other,  analyzed  by  the  same  chemist,  and,  as  the  record  of  one  and  the 
date  concerning  the  others  show,  drawing  chiefly  on  the  Marshall 
sandstone  at  179  to  250  feet  depth. 

No.  264  is  from  Peale,  Bulletin  U.  S.  Geological  Survey  No.  32,  page 
148. 

No.  265  is  fr^m  Peale,  loc.  cit.  I  also  have  an  independent  version  of 
the  analysis,  giving  0.1808  bicarbonate  of  lime ;  trade  name,  ^<  Attapah ; " 
8i>ecific  gravity,  1.0064.     Temperature,  52°  (Peale),  or  50°  F. 

No.  266  is  also  taken  from  Peale,  or  from  Geological  Survey  Michigan, 
Vol.  Y,  Part  II,  1895,  page  60.    Temperature,  48©. 

I  would  not  lay  too  much  stress  upon  the  presence  of  Br,  Li,  etc.,  in 
the  foregoing  group  of  analyses,  for  much  depends  on  whether  the 
chemist  looked  for  them.  Yet  the  presence  of  bromine  is  interesting 
in  connection  with  its  undoubted  presence  in  abundance  in  the  Mar- 
shall brines  of  the  center  of  the  basin.  The  absence  of  GaS04  is  note- 
worthy, also  the  prevalence  of  chlorides  and  bromides  of  calcium  and 
magnesium  over  other  salts. 


Constitaent. 


i!na:4Ci. 

CaCOk. 
CaCl«.. 
CaS04.. 
CaF,... 
FeCOi. 
LisCQ,. 


IBB  31- 


202. 
Grand  Rap- 
ids (But- 
terworth). 


263. 

Grand  liap- 

ids 

(original). 


0.007 


.143 

.010 

1.288 


.017 


0.0i73 

2.764 

1.312 


.0145 


264. 

Grand 
Haven. 


0.009 


.035 
2.557 


.001  (?) 
.001 


265. 

Springlake 
(Attapah). 


Tr. 

0.0003 
bi.   .002 
1.944 


bi.   .017 
Tr. 


266. 
Fruitport 

(iron 
magnetic). 


Tr. 


bi.  0.087 
1.003 


bi.     .  129 
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Constituent. 


MgCO, 

MgCl 

MgBr 

Mgl 

MnH,(C08)a 

KCl 

ZaCO, 

SiO, 

NaCl 

NftCOi 

KaSO* 

Organic 


Total  solids. 


CO,. 
Loss 


2«2.  268. 

Grand  Rap-  Grand  Rap- 
ids (But-  ,        ids 
terworth).  ,  (original). 


264. 

Grand 
Haven. 


966. 

Springlake 
(Attapah). 


0.100 
.718 


0.0084 
.7196 


.168 


.009 
.218 
.086 


2.871 
.011 


.1561 


0.027 

1.066 

.005 

.001 


.0026 
17. 3606 


a.  8841 


23.3385 
&.0603 


.033 
.049 
.018 

6.811 
.038 

1.190 


10.431 


Tr.  0.001 
.619 
.037 


Tr.  .001 
.073 


.009 

6.960 

bi.   .003 

.799 

.314 


10.766 


266. 

Fraitport 

(iron 
magnetic). 


Tr.  0.071 
.803 
.013 


Tr.  .002 
.007 


.182 

7.950 

bi.     .  113 

.789 


12.048 
7  en.  in. 


a  •  OSS. 


6  Free. 


SAGINAW  RIVER  SALINE  WELLS. 


Constituent. 


CaCOj 

CaCa, 

CaS04 

FeCO, 

Feci, 

MgCO. 

MgCl 

MgBr 

KCl 

Al,Os+SiO,. 

NaCl 

NaBr 

Organic 


Total  solids., 
Specific  gravity — 
CO, 


267. 

Bast  Sae 

inaw  Salt 

Mfg.  0>.. 

(<5ct., 

1862). 


268. 

Swift 

&Lock- 

wood. 


22.665 
1.516 


9.629 


168.636 


a  202. 446 
80.  o 


26.430 
.983 


10.685 


175. 108 


a  213. 201 
86.  o 


269. 
East  Sag- 
inaw 
(Apr.  10, 
11,1860). 


21  42 
1.16 
1.05 


15.22 

2.20 

179. 12 


a 220. 17 
000=1. 179 


270. 
T.N. 


271. 
East 


Whittier.  Saginaw. 


92° 


0.600 

82.873 

.982 

.116 


17.743 


.245 
168.710 
.401 
.65 


b 221. 570 
90«=rl.  1771 


272. 

Oneida 

Salt  Co., 

Zilwan- 

kee. 


Tr. 

26.23 
.80 
.064 
.032 

Tr. 

13.43 

Tr. 


273. 

Bangor 

Salt  Mfg. 

Co. 


193.04 
Tr. 
3.724 


&  237. 31 
1.1864 
Tr. 


29.611 
.722 


12.612 


198.595 


a  241. 54 
1.1771 


a  By  addition.  b  Direct  determination . 

Analyses  !No.  267  et  seq.  show  mncli  stronger  waters.  Such  a  sharp 
line  does  not  exist  in  nature,  but  is  due  merely  to  the  fact  that  man 
wants  waters  either  weak  enough  to  be  drinkable  or  as  strong  as  pos- 
sible. 

IN'o.  267  is  of  water  from  the  East  Saginaw  Salt  Manofactaring  Com- 
pany's well  when  806  feet  deep.  Analyst,  C.  A.  Goessmann.  October, 
1862.  Geological  Survey  of  Michigan, Vol.  Ill,  1876,  Part  I,  page  183. 
Total  obtained  by  addition. 
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No.  268  is  of  water  from  Swift  &  Lockwood's  well,  860  feet  deep,  at 
Saginaw.  Same  analyst  and  date  as  No.  267.  Total  obtained  by 
addition. 

No.  269  is  of  water  from  the  East  Saginaw  Salt  Manufacturing  Com- 
pany's well  when  636  feet  deep.  Prof.  S.  H.  Donglass,  analyst.  April 
11, 1860.  Same  reference  as  No.  267,  and  also  biennial  report  of  the 
State  geologist,  1861,  pages  171  and  186.  Total  obtained  by  addition. 
April  16,  specific  gravity,  1.170.  As  No.  269  is  stronger  than  No.  267, 
which  is  of  a  water  with  deeper  source,  an  admixture  of  the  upper 
waters — ^that  is,  leaky  casing  when  the  water  for  No.  267  was  drawn — 
is  suggested,  especially  since  the  weaker  water  is  stronger  in  sulphates. 

Sample  No.  270,  from  Saginaw  Biver,  specific  gravity  92*^,  was  left 
for  an  analysis,  not  yet  reported,  by  T.  N.  Whittier.- 

No.  271  is  an  analysis  of  the  same  water  as  Nos.  267  and-  269,  the 
well  being  649  feet  deep.  Analyst,  Dr.  Chilton.  May,  1860.  Eeported 
by  W.  L.  Webber  in  the  biennial  report  of  the  State  geologist,  1861, 
I>age8  171  and  186.  It  agrees  quite  well  with  previous  analyses  and 
reports,  the  bromides  probably  overlooked  by  the  others.  Total  directly 
observed. 

No.  272  is  of  water  from  the  well  of  the  Oneida  Salt  Company,  Crow 
Island,  Zilwaukee.  Analyst,  H.  C.  Hahn.  Geological  Survey  of  Michi- 
gan, YoL  III,  Part  I,  page  185.    Total  directly  observed. 

No.  273  is  of  water  from  the  Bangor  Salt  Manufacturing  Company's 
well  at  Banks,  Bay  City.  Well  774  feet  deep.  Analyst  and  references 
the  same  as  No.  267. 

BRINES  OF  THE  MARSHALL  SANDSTONE. 


Constltaeiit. 


C»C0» 

C^l 

CWO4 

FeCQi 

FeClt 

MgCO. 

Mgca 

VaBr 

H,SiOb 

NaCl 

Orgftnio  or  loss 


Total  solids 

Degrees  salinometer, 
or  spedflo  gravity . 

COt 


274. 
ICichigaB 

Solar 
Salt  Co., 
Zilwau- 
kee. 


0.010 
20.16 
.82 
.123 


.016 
13.81 


196.71 
loss  2. 20 


242.85 


1.1900 


275. 

Bnffido 

Salt  Mfg. 

Co.,  East 

Saginaw 

No,  1. 


24.106 

L028 

.U9 


10.803 
Tr. 


187.764 
21.104 


a244.924 


1.1771 


276. 

Baifalo 

Salt  Mfg. 

Com  East 

Saginaw 

No.  2. 


24.821 

L038 

.123 


8.744 
Tr. 


180.472 
21.226 


ih) 


277. 
New 
York  So- 
lar Salt 
Co.,  Zil- 
waakee. 


0.010 

80.40 

.73 

.058 

.038 

.006 

14.10 

1.2374 


199.14 
5.02 


0249.58 


1.1930 


278. 

A.L. 

Clark's 

well.  Big 

Bapids. 


46.40038 
.47316 
.06864 


19.70204 
1.2374 
.00108 
186.69219 


(2253.66878 


1.205 


270. 


Bay  City 
No.l. 


).878 
.689 
.866 


13.783 


202.945 
14.618 


a266.669 


1.1989 


280. 


Bay  City 
No.  2. 


82.566 

.601 

1.292 


13.779 


204.204 
14. 147 


(b) 


•  Arerage  of  No.  1  and  No.  2. 


bSeeNo.  1. 


e  Direct  determination. 


d  By  addition. 
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No.  274.  Michigan  Solar  Salt  Company,  Zilwaukee.  Analyst  and 
references  the  same  as  No.  272. 

No.  275  and  No.  276  are  daplicate  analyses,  cited  £rom  the  unpub- 
lished thesis  ^< Saginaw  Salines:  a  short  sketch  of  their  history  and 
source;  of  the  methods  of  obtaining  them;  of  the  processes  used  in 
the  manufacture  of  salt  from  them;  together  with  analyses  of  repre- 
sentative specimens,''  by  John  Ayres,  Ann  Arbor,  June,  1880,  of  which 
an  abstract  from  the  copy  in  the  general  library  of  the  University  of 
Michigan  was  made  for  me  through  the  kindness  of  Professor  Pres- 
cott  For  this  analysis  and  probably  the  others  by  Mr.  Ayres  the 
specific  gravity  was  taken  at  20^  C,  the  total  residue  by  dbrying  at 
lioo  to  1150  G.  In  No.  275  the  total  01  in  25  cubic  centimeters  brine 
was  4.043. 

No.  277  is  of  water  from  the  well  of  the  New  York  Solar  Salt  Com- 
pany at  Zilwaukee.    Analyst  and  reference  the  same  as  No.  272. 

No.  278  is  of  water  from  the  Bed  Gross  well  at  Big  Bapids,  A.  L. 
Olark  original  owner.  Depth,  1,400  feet.  Analyst,  A.  B.  Prescott. 
The  published  statement  is  in  grains  per  United  States  gallon  at  62^ 
F.— L  e.,  United  States  gallon =70,277.19  grains.  The  following  is  the 
statement  of  bases  and  acids :  NaO  98.95923,  MgO  8.35636,  GaO  3.66594, 
FeO  0.03944,  SiO,  0.00073,  Gl  156.97050,  Br^  0.96057,  SO3  0.27833,  CO, 
0.02415=289.23289,  which,  less  oxygen  not  in  the  salts  and  plus  the 
water  of  silicic  acid  35.56590,  gives  the  tabulated  footing. 

A  sample  from  a  drug-store  gave  specific  gravity  1.156  with  0.75  Br. 
When  I  tested  it,  December,  1895,  the  specific  gravity  was  1.202.  The 
water  is  said  to  have  been  struck  at  1,300  feet  and  to  have  had  at  first 
the  specific  gravity  1.229.  The  mineral  strength  is  thus  lasting  very 
well. 

Nos.  279  and  280  are  duplicate  analyses  of  representative  Bay  Oity 
brine,  obtained  through  S.  S.  Garrigues.  Analyst  and  reference  the 
same  as  No.  275.    In  25  cubic  centimeters  brine  was  4.6496  01. 

BRINES  AT  MIDLAND. 


Constitaeiit. 


CaClt 

GaS04 

F6C0i 

MgCl 

MgBr, 

l^aCl 

Total  solids 
Loss 


281. 

Midland 
No.  1. 


86.e66 

.190 

1.144 

24.685 

8.771 

148.984 


304.760 
84.321 


Midland 
K0.2. 


88.700 

.220 

.954 

24.109 

8.771 

147.599 


868.050 
84.337 


Midland 
bittern 
Ko.  1. 


143.574 
.160 


89.288 

48.356 
56.754 


77.952 


284 

MidlMid 

bittoni 

Ho.  2. 


145.850 
.160 


34.019 
48.356 
60.801 


76.884 
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Nos.  281  and  282  are  duplicate  analyses  of  Midland  brine,  Harris 
Brothers'  well,  1,300  feet  deep,  flowing  30  gallons  a  minute.  Analyst 
and  reference  the  same  as  No.  275.  In  25  cnbic  centimeters  brine  was 
0.2340  Br  and  5.0414  01.  See  also  Geological  Survey  Michigan,  Vol. 
y.  Part  II,  page  69.  The  sx)eciflc  gravity  and  total  solids  do  not  seem 
accordant,  since  the  total  solids  would  imply  a  higher  specific  gravity. 
The  Larkin  &  Patrick  well  at  the  same  depth  is  said  to  have  had 
strength  of  115^  saUnometer  (1.239  specific  gravity),  and  the  Dow 
(Midland  Ohemical  Oompany)  well  has  1.235  specific  gravity. 

Kos.  283  and  284  are  of  bittern  left  after  the  crystallization  of  salt 
from  the  same  well  as  Nos.  281  and  282.  Same  analyst  and  reference. 
Published  also  by  Bowland,  Tenth  Census  of  the  United  States,  Yol. 
n,  p.  22.  See  also  (Geological  Survey  Michigan,  YoL  Y,  Part  II,  page  35, 
and  note  corrected  NaOl.  In  25  cubic  centimeters  was  1.32  Br  and 
4.8869  Gi.  ^<In  the  estimation  of  Br  by  Mr.  Ayers,  this  element  was 
expelled  by  treatment  with  excess  of  chlorine  during  evaporation  to 
dryness,  then  obtaining  the  total  of  silver  chloride  in  ratio  of  the 
weight  of  mixed  silver  chloride  and  bromide  from  the  brine" — ^not  a 
very  accurate  method.  ]!^ot6  the  large  amount  of  loss  when  total  solids 
are  independently  and  directly  determined.  This  shows  that  ammo- 
nium and  potassium  chlorides  and  other  constituents  have  not  been 
determined.  Potassic  chloride  is  made  fi*om  the  Marshall  brines  by 
the  North  American  Chemical  Oompany  at  Bay  City.  Mr.  Ayres's 
chemical  work  was  done  under  Prof.  H.  W.  Gheever  about  three  years 
before  the  writing  of  ^^  Select  methods  of  qualitative  analysis." 

An  analysis  of  the  water  from  the  Alma  Sanitarium  Company's  well 
was  made  by  Prof.  G.  A.  Davis,  May  5, 1889.  Said  to  be  almost  a  pure 
Marshall  sandstone  water.  The  published  form  was  inaccurate,  and  I 
am  not  able  to  give  corrected  figures.  The  analyses  given  in  a  later 
section  (Nos.  325  to  327)  show  the  lower  water  and  the  two  waters 


In  the  above  group  of  analyses  the  characteristics  of  the  Marshall 
waters  are  well  defined — ^i.  e.,  the  excess  of  Gl  so  as  to  be  far  more  than 
to  satisfy  the  soda;  or,  as  Garrigues  says,  a  ^^ decrease  in  percentage  of 
gypsum,  an  increased  percentage  of  the  earth  chlorides,  and  an  increased 
quantity  of  salt." 

Numerous  qualitative  tests  have  convinced  me  that  the  sulphates  are 
often  from  higher  beds,  and  for  a  given  depth  the  Marshall  is  less  min- 
eralized than  the  beds  above  or  below.  It  is  not  charged  with  gases  to 
any  marked  extent. 

As  soon  as  we  leave  the  x>orous  upper  Marshall  and  get  down  to  the 
boundary  between  it  and  the  Gold  water — that  is,  the  lower  Marshall — 
the  beds  are  likely  to  become  saline  again.  For  instance,  S.  O.  Hickok, 
of  Allen,  Hillsdale  Gounty,  Michigan,  has  a  well  221  feet  deep,  which 
yields  277.04  grains  NaGl  and  33  of  GaS04  per  gallon.    I  have  numer- 
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ons  other  qualitative  tests  that  show  the  same  thing.  Bat  on  the  whole, 
between  the  Marshall  and  the  Berea  grit  the  strata  are  dry  and  the 
waters  do  not  merit  a  separate  section. 


WATERS  FROM  THE  BEREA  GRIT. 


Constitnent. 

285. 
Birming- 
ham. 

286. 

Ann 

Arbor. 

287. 
White 
fiook. 

288. 

East 

Tawaa. 

280. 

Port 

Austin. 

290. 

Sand 

Beach. 

891. 
Oacod*. 

CaCX)a 

0.10206 

Tr. 

42.100 

Tr. 

CaClfl 

24.53 

5.373 
2.623 
b.00S2 

34.843 
.360 

31.274 
.129 

3.000 
2.539 

CaS04 

PeCO» 

.0049 
.0645 

a  4. 381 

MsGO. 

MffCl 

6.95 

4.106 

12.433 

15.675 

1.591 

19.8 

KCl 

.03156 
.0206 
2.27256 
.15568 
.00122 
.03546 

SiO. 

Nad 

138.96 

189.102 

156.141 

176.161 

225.678 

179.800 

NftiOO. 

KaNQ, 

Orsanio 

•■"••■*•*■ i"  -  —  -  —  —  »»  —  —  — 

• 

1 

Total  Bolida 

Ralinomfttfir 

2.70453 

174.8 
68.0 

201.236 

78.5° 

203.767 
85.0 

228.239 
88.0 

232.808 
284.0 

241.9 
90.  o 

a  As  oxide  f 


6FeO. 


The  well  at  Utica,  with  2.226  ounces  per  cnbic  foot  solids,  probably 
obtains  water  from  the  Berea;  the  only  sample  of  potable  water,  how- 
ever, of  whose  geological  horizon  we  are  certain,  independent  of  the 
analyses,  is  No.  285.  Kedzie's  analysis  of  the  Wales  water  comes  next. 
Some  idea  of  the  composition  of  the  Berea  brine  at  Tpsilanti  may  be 
obtained  by  comparing  the  analyses  of  the  YpsUanti  wells  (Nos.  304 
and  305),  in  the  first  of  which  the  higher  water  is  cased  oat' and  in  the 
second  admitted.  We  see  that  the  water  from  the  Berea  is  extra  strong 
in  NaOl  and  is  a  very  pure  brine. 

Ko.  285  is  of  water  from  the  new  well  -on  the  farm  of  J.  B.  Oooper, 
Birmingham.  Ko.  2,  about  1,500  feet  southwest  of  the  first  well,  which 
was  about  20  feet  above  the  swamp,  the  water  rising  to  about  16  feet 
from  the  top;  No.  1  also  contained  more  chlorides  and  less  carbonates. 

There  is  an  excess  of  C02,  probably  in  the  form  of  bicarbonates,  pres- 
ent in  the  water,  and  the  organic  matter  and  loss  does  not  include 
this,  but  does  include  the  GO^  with  the  iron.  Analyst  and  informant, 
George  L»  Heath.  ' 

No.  286  is  of  water  firom  the  Ann  Arbor  deep  well,  of  which  there  are 
two  accounts.  According  to  Bominger  (Oeol.  Survey  Michigan,  YoL 
III,  1876,  Part  I,  p.  92),  the  brine  from  the  sandstone  333  feet  down — ^i.  e., 
firom  the  Berea  grit — has  a  specific  gravity  of  1.142,  and  19  per  cent  resi- 
due by  evaporation,  *^  almost  pure  chloride  of  sodium."  Winchell,  in  his 
Geology  of  Washtenaw  County  (Chicago,  1881,  p.  26),  gives  the  strength 
as  <)8o  salinometer,  corresponding  to  a  specific  gravity  of  1.131  and  17.48 
per  cent  salt;  he  also  gives  an  analysis  of  the  residue,  and  putting  the 
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two  together  we  obtain  the  figures  of  the  tabulated  analysis.  Illumi- 
nating gas  also  escapes,  and  is  also  reported  from  a  well  at  Blackmar 
which  reaches  this  horizon. 

!N^o.  286A  of  the  Appendix  is  a  recent  analysis,  by  J.  E.  Clark,  of 
water  from  the  Ypsilanti  Sanitarium,  and  is  so  pure  a  solution  of  sodic 
chloride  that  the  lower  water  must  now  be  almost  entirely  eliminated. 

No.  287  is  of  brine  from  Thompson  Bros.'  566-foot  well  at  White  Rock, 
Huron  County,  and  is  cited  from  Vols.  Ill  and  V  of  the  Geological 
Survey  Michigan,  as  are  also  the  remaining  analyses  of  the  section. 
The  analysis,  however,  is  corrected  and  tlie  iron  added  from  a  statement 
in  the  report  of  the  Commissioners  to  the  Centennial  Exposition  of  1876 
at  Philadelphia.    The  specific  gravity  is  there  given  as  1.155. 

No.  288  is  of  brine  from  Grant  &  Co.'s  908foot  well,  East  Tawas. 
Eeferences  as  for  No.  287. 

No.  289  is  of  brine  from  Ayres  &  Co.'s  1,198-foot  well  at  Port  Austin, 
Huron  County.  Eeferences  as  for  No.  287,  and  also  Hunt  in  Geolog- 
ical Survey  of  Canada,  1866-1869,  p.  220. 

No.  290  is  of  the  brine  from  Jenks  &  Co.'s  well.  Sand  Beach.  S.  P. 
Duffield,  analyst.  G.  W.  Jenks  reports  that  98.7  per  cent  of  the  solids 
wasNaCl. 

No.  291  is  of  brine  from  Smith,  Kelley  &  Dwight's  1,070-foot  well  at 
Oscoda.    Same  references  as  No.  287. 

No.  291A  of  the  Appendix  is  an  analysis  of  the  Berea  brine  where  it 
is  struck,  at  a  depth  of  2,200  feet,  at  Bay  City,  near  the  center  of  the 
basin,  and  even  at  this  depth  it  has  no  more  CaCl2  than  the  much  less 
deep-seated  brines  of  Midland  and  Mount  Clemens. 

That  this  Berea  brine  is  a  purer  solution  of  NaCl  than  the  brines 
immediately  above  or  below  is  shown  not  merely  by  comparing  the 
Tpeilanti  analyses  and  the  analyses  in  general,  but  by  such  facts  as 
when  Frank  Crawford's  well  at  Caseville,  which  had  been  drawing  from 
the  Berea  at  1,760  feet,  was  deepened  to  2,270  feet  it  became  necessary 
to  clean  the  pans  twice  as  often. 

WATERS  FROM  BEDS  BELOW  THE  BEREA  GRIT. 

When  wells  pass  through  the  Berea  and  go  through  the  Devonian 
black  shales  they  usually  encounter  no  water  until  near  the  bottom  of 
the  Devonian.  It  would  be  interesting,  if  possible,  to  sort  out  those 
wells  which  draw  merely  from  the  limestone  of  the  Traverse  (Hamilton), 
those  which  tap  the  upper  Helderberg  or  Corniferous,  a  very  well- 
marked  horizon,  and  those  which  go  deeper  into  the  lower  Helderberg 
and  Salina;  but  this  does  not  seem  practicable  at  present,  for  in  the 
southern  part  of  the  State  the  Traverse  formation  is  less  than  100  feet 
thick,  and  there  has  been  little  attempt,  so  far  as  I  have  record,  to 
isolate  the  various  brines.  I  suspect,  however,  that  such  determination 
might  lead  to  important  economic  results,  as  in  some  of  them  rare  ele- 
ments, like  K,  Br,  and  Sr,  may  be  richly  contained.    At  the  outcrop  of 


72 


LOWER  MICHIGAN  MINERAL   WATERS. 


[HO.  31. 


the  lower  Devonian  limestones  are  the  various  sulphar  springs  men- 
tioned by  Peale  and  widely  distributed  in  Monroe  and  Wayne  counties 
(Erie,  Shawnee,  Wyandotte).  For  the  northern  part  of  the  State  the 
Harbor  Springs'  analysis  (No.  53)  may  show  what  kind  of  water  is 
taken  into  the  rock.  We  have  analyses  showing  very  lightly  mineral- 
ized waters  from  Charlevoix,  Bay  View,  and  Petoskey  (Nos.  292,  293, 
294).  The  Oharlevoix  waterworks  well  has  probably  not  x)ierced  through 
the  (Marcellus?)  shale  at  the  bottom  of  the  Traverse  series,  according 
to  the  record  of  the  strata.  On  th«  other  hand,  the  Petoskey  well 
probably  draws  from  the  Dundee  limestones.  This  well  is  located 
near  the  Chicago  and  West  Michigan  Railway  station,  and  the  sur- 
roundings are  now  somewhat  changed.  The  view  shows  how  they 
looked  at  the  time  of  well  drilling  (PI.  III). 
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CoDstitaent. 


CaCOs 
CaS04 


F6,0g.. 
FeCOg- 
HgCOs 


MgS04. 
KCl.... 
K,S0«  . 


SiO, 


NaCl  .. 
NaaCO, 
Na,S04 


N... 
CO,. 
H,S. 


Volatile  at  red  heat. 
Organic 


Total  solids... 

Total  bardDeas 

Permanent  hardness 

Free  ammonia 

Albnminoid  ammonia 
Permanganate 


202. 
Charle- 
voix. 


f      S.27 
\        .056 


{ 


4.  SSI 
b.OU 


.86 
.015 


.64 
.008 
J.  SO 
.023 


g.Og 
.035 


{ 


It.  SI 
.212 


293. 

Bay 

View. 


11.00 
.157 
f  4.00 
I    .057 
.60 
.007 


4.70 
.087 


.60 
.009 
4.20 
.060 


294. 
Petoskey. 


}■ 


11.800 
.160 

.to 

.003 


}• 


f  8.60 


121 


295. 
Frank- 
fort. 


}      1.220 
I       .018 


.090 


}      1.100 
Tr. 


I    .008      l/ 


6.00 
.086 


t  6.00 


086 


,008 
.97 
.014 
7.70 
.110 


}        .017 
}        .409 


}• 


.580 


Tr. 

6.16 
.088 


e44.5 


!}• 


SI.  00 
.442 

15.  o 
8.0 
.00002 
.00001 


4S.88 
.629 


}   '«• 


433 


.00006 
.00005 
.00020 


296. 
Wvan- 
dotte. 


0.633 

1.274 

.004 


.691 


Tr. 


.327 
.434 
.369 


.436 
620.00 


297. 
Alpena 
No.  1. 


0.788 
.429 


296. 

Alpena 

Ko.  2. 


.026 
.899 


.975 
.225 


a.  109125 


.00464 


e.240 
e8.4 
635.36    I  19.02 


013 


4.191 


3.899 


.791 


3.060 


.00072 
.00174 
.004102 


a  All  sulphated  together. 


b  +Al/)j. 


cin  cable  inches  per  gallon. 
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Constitnent. 


I 


j  Ca€Os. 
CaCl,.. 
C«SO«  . 
FeCQs. 

MgCO. 
MgCl,. 
MgBr,. 
MgS04. 
KCl.... 
KBr... 

K,S04.. 
KaCl... 
Ka,CO, 

SiQ|... 


299. 

Alpena 
No.  3. 


3. 1314 


1.3417 


Total 


H,S. 


i.1835 

.0283 

.   .4812 


300. 
Detroit 
(River- 
Bide 
No.  1). 


0.281 
1.968 


.445 
.759 


.554 


Tr. 


9.W77 
.1287 


3.997 
M9.02 


301. 
Detroit 
(River- 
aide 
No.  2). 


0.191 
.728 

2.756 
.002 
.004 

1.882 


5.320 
.048 


302. 
Detroit 
(River- 
aide 
No.  8). 


0.230 

2.556 

14.743 

80.702 


.103 


18.540 
.008 


68.460 


303. 

Tpai- 

lanti 

No.  1. 


0.6322 


8.0802 
Sl.tr. 


.9911 

.0610 

1.1659 


.2330 
14.241 


.003 


.060 


.2087 
.0240 


10.041 
bl4.77 


I 


al82.442 
6.946 


20.6362 


804. 

Ypal- 

lanti 

No.  2. 


a  96181 
2.45765 
8.01121 
Tr. 


2.19596 

.188 

1.774 


.6058 
26.97644 


.1445 
.8398 


88.6788 


521.0786  632.216 


806. 

Ypeilanti 
No.  8. 


0.99712 

2.87328 

2.98794 

.02866 


2.63844 
1.94260 


.26764 
86.94436 


.43910 


49. 11404 
535.84 


a  Sam  inclnding  HfS. 


h  In  cnbio  Inchea  per  gallon. 


No.  292  is  of  water  from  the  Oharlevoix  waterworks  well  No.  2. 
Analysis  obtained  throngh  H.  P.  Parmelee.    Depth,  400  feet. 

No.  293  is  of  water  firom  the  Bay  View  well.  Depth,  498^  feet.  Flow, 
200  barrels  an  hour.  Water  likely  to  be  roily.  F.  S.  Kedzie,  analyst^ 
August  20, 1895.    Well  completed  in  July,  1895. 

No.  294  is  of  water  from  the  Petoskey  well,  555  feet  deep.  Analyst, 
K.  C.  Kedzie.  The  two  wells  (analyses  Nos.  293  and  294)  are  close  together, 
but,  as  will  be  noticed  on  comparing  their  records.  No.  294  has  passed 
through  and  is  drawing  itd  water  beneath  a  bed  of  shale,  probably  the 
base  of  the  Traverse  or  the  Hamilton,  in  which  the  Say  View  well 
stopped.  The  Petoskey  is  apparently,  therefore,  a  water  from  the 
DuBdee  (upper  Helderberg),  with  the  characteristic  presence  of  H2S, 
while  the  Bay  View  water  is  in  the  Hamilton. 

No.  295  is  of  water  from  Butler's  well  at  Frankfort.  B.  0.  Kedzie, 
analyst.  See  Oeological  Survey  Michigan,  YoL  Y ,  Part  II,  page  59,  also 
plate.  The  temperature  of  58°  F.,  compared  with  the  well  record  and 
statement  that  the  main  flow  is  at  1,400  feet,  indicates  that  this  water 
also  is  from  the  top  of  the  Dundee  limestone,  with  which  its  sulphated 
and  sulphureted  character  is  in  entire  accord. 

No.- 296,  Wyandotte  white  sulphur  springs,  is  of  a  similar  water  from 
the  other  end  of  the  State.  Analyst,  Courtis.  Gf.  Peale,  Bulletin  U.  S. 
Geological  Survey  No.  32,  page  150.  Generally  the  GO^  is  computed  as 
bicarbonate. 

No.  297,  Alpena  No.  1  (»),  1,164  feet  deep,  with  chief  flow  at  600+ 
feet  (Y).    Analyst,  S.  P.  Duffield.    Given  by  Peale  as  in  grains  per 
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United  States  gallon,  bat  really  per  imperial  gallon.  The  records  of 
the  first  and  second  wells  pat  down  at  Alpena  seem  to  have  been  con- 
fused somewhat.  See  later  paper;  also  Peale,  Bulletin  U.  S.  Geological 
Survey  No.  32,  pages  145, 147,  Geological  Survey  of  Michigan,  Vol.  HI, 
Part  I,  page  39,  and  Vol.  V,  Part  II,  page  46.  The  temperature  given 
by  Peale,  52^  P.,  nearly  agreeing  with  my  own  observations,  indicates 
a  water  about  500  feet  nearer  the  surface  than  at  Frankfort  (900  feet), 
and  Bominger  says  it  is  an  ^^  upper  sulphur  water,"  contaminated  with 
a  little  salt  from  lower  down.  With  this  description  both  Kos.  297  and 
and  298  agree,  and  I  found,  by  qualitative  test  at  the  well  in  1897^ 
markedly  sulphated  and  sulphureted  waters,  with  extremely  little 
chlorine.  The  waters  were  then  flowing  naturally  and  not  pumped,  and 
this  might  give  the  upper  water  greater  purity. 

No.  298  is  Vaughan's  partial  sanitary  analysis  of  water  from  Alpena 
spring,  80  called  because  it  is  customary  to  speak  of  flowing  wells  as 
springs.  The  analysis  doubtless  refers  to  one  of  these  wells.  At  any 
rate,  in  its  strength  in  sulphates  and  extremely  low  01,  it  agrees  with 
my  qualitative  tests  of  the  wells.  Brownish  in  color,  with  amoebae,  dia- 
toms, algae,  zoogloea,  several  varieties  of  germs,  and  amorphous  matter. 

No.  299  is  of  water  tvom  Alpena  well  No.  3.  Analyst,  W.  F.  Edwards, 
of  the  Michigan  University  School  of  Pharmacy.  Analysis  probably 
made  in  1892. 

J.  J.  Mason  &  Go.  report  drilling  wells  625  feet  deep  for  the  Northern 
Extract  Company — ^water  struck  at  400  feet— which  flow  450  gallons 
a  minute  and  eat  out  the  casing  in  about  six  years.  These  waters  are 
merely ''alkaline,"  whereas  rock  salt  was  struck  at  1,200  feet  in  the 
Sanitarium  well  in  1893. 

We  next  introduce  a  series  of  analyses  of  waters  from  wells  bored  in 
or  near  the  Biverside  bath  house,  corner  West  Fort  street  and  South 
Clarke  avenue,  Detroit.  There  are  said  to  be  two  wells,  one  more  salt 
than  the  other  .•  No.  302  is  said  to  be  of  water  from  the  two  wells  mixed; 
this  can  not  refer  to  Nos.  300  and  301,  but  probably  to  No.  301  and 
another  well  put  down  later  and  still  deeper.  The  temperature  of  50° 
F.  indicates  no  great  depth  for  the  wells  from  which  samples  Nos.  300 
and  301  were  taken,  and  they  are  not  strong.    No.  300  is  like  No.  297. 

No.  300,  Biverside  magnetic  mineral  springs,  SpringwelPs  Fort,  No.  1, 
Is  taken  from  Peale,  Bulletin  U.  S.  Geological  Survey  No.  32,  pages 
146-7,  and  is  much  like  No.  296. 

No.  301  is  taken  from  Peale,  Bulletin  IT.  S.  Geological  Survey  No.  32, 
pages  146-7,  and  is  much  like  No.  296. 

No.  302,  Clark's  Biverside  bath  house,  Detroit.  Depth  of  wells 
unknown.  Analyst,  S.  P.  Duffield.  November  3, 1889.  Cited  ftt)m  a 
pamphlet, where  the  analysis  is  given  both  in  grains  per  imperial  gallon 
and  in  parts  per  liter,  the  former  figures  being  700  times  the  .latter.  I 
give  the  latter  figures  multiplied  by  10. 

No.  303,  Ypsilanti  mineral  springs.  Depth  550  feet.  Analyst,  A.  B. 
Prescott.    Water  drawn  by  his  assistant  March  31,  1883.    Tempera- 
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ture,  680  F.  (14.5o  C).  Specific  gravity  at  15o  0.,  1.0163.  Reaction 
alkaline.  Total  H2S  in  yolame  at  58^  F.,  91.233  cubic  centimeters.  The 
analysis,  dated  May  5, 1883,  is  given  in  grains  i)er  United  States  gal- 
lon, not  imperial  gallon,  as  the  same  figures  are  given  by  Peale  (p.  150), 
and  grams  per  liter,  the  former  figures  being  58.37  times  the  latter.  I 
give  the  latter  figures,  but,  taking  the  specific  gravity  into  account,  the 
figures  should  be  diminished  by  dividing  by  1.063  in  order  to  reduce 
to  grams  per  kilogram,  or  parts  per  thousand.  As  has  been  noticed  in 
connection  with  the  Big  Kapids  analysis.  Professor  Prescott  allowed 
for  the  specific  gravity  in  stating  the  result  in  grains  per  gallon  from 
parts  per  thousand,  and  has  apparently  done  so  here.  But  it  is  some- 
times neglected,  and  I  do  not  know  how  Shepherd,  the  analyst  of  No. 
304,  worked.  I  have  preferred,  therefore,  to  leave  the  Ypsilanti  analyses 
as  stated  rather  than  to  introduce  a  small  and  dubious  correction. 

This  analysis  (No.  303)  is  probably  from  the  Cornwall  mineral  well  or 
the  original  well  (see  fig.  1). 
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Fig.  1.— Section  shoving  the  relations  of  the  deep  wells  at  Ypsilanti  to  each  other,  to  the  veils  of 

the  dty  water  supply,  and  to  the  several  water-bearing  strata. 

The  following  is  Prescott's  statement  of  constituent  acids  and  bases : 

Total  solids  determined  in  grains 1205.0005 

Hydrosulphuric  acid,  total  in  volume  at  58.1o  P.  (14.6°  C.) 91 .  2330 

Total  aolids  by  evaporation 20.5800 

Conatitnent  bases  and  acids :  Grams  per  liter. 

1.  Potaasa 0.1260 

2.  Soda 7.7120 

3.  Lithia Tr. 

4.  Magnesia 0.8190 

5.  Lime 1.4865 

6.  Stroniia Tr. 

7.  Baryta Slight  tr. 

8.  Iron  (ferrous  oxide) Slight  tr. 

9.  Carbonic  anhydride 0.3435 

10.  Sulphuric  anhydride 2. 6930 

11 .  Hydrosnlphnric  acid . .  0. 1321 

12.  Chlorine , 9.3828 

13.  Bromine 0.0530 

14.  Fluorine Slight  tr. 

15.  Boric  anhydride Tr. 

16.  Phoaphoric  anhydride ; Slight  tr. 

17.  Silicic  anhydride 0.0240 

22. 7739 

Deduction  of  hydrosnlphuric  acid  and  of  oxygen  displaced  in  the  bromide,  chlorides,  and  sul- 
phide In  excess  over  addition  of  sulphur  iu  the  sulphide  and  of  water  in  the  bicarbonate ...    2. 1377 
Tc»tal  aalts  determined 20.0362 

Total  bases  and  adds  determined 22.7739 
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1^0.  304,  Ypsilanti  Mineral  Bath  Oompany,  Moorman  mineral  welL 
(See  fig.  1.)  Analyst,  James  H.  Shepherd.  Water  drawn  September 
5,  1884.  Temperature  of  water,  14.2°  0.  (57.5o  P.)j  of  air,  26.3o  C. 
(79.30  F.).  Specific  gravity,  1.0280.  Keaction,  alkaline.  The  results 
cited  are  said  to  be  in  grams  per  liter,  and  are  also  stated  in  grains 
per  imperial  gallon,  the  latter  figures  being  70  times  greater  than  those 
given  (by  which  I  have  detected  one  or  two  misprints  in  the  analysis 
as  published  in  the  pamphlet  of  the  company;  in  Peale's  paper  also, 
op.  cit.,  it  should  read  124.42  MgS04),  and  accordingly,  though  grams 
per  liter  are  stated,  parts  per  thousand  may  be  meant,  the  imi>erial 
gallon  being  taken  as  10  pounds.  At  the  time  this  sample  was  taken 
the  well  was  cased  to  550  feet,  to  shut  off  all  higher  waters,  and  practi- 
cally this  is  pure  Dundee  limestone  water. 

No.  305,  water  from  same  well  as  No.  304.  Analyst,  De  Forest  BosSy 
September  13,  1897.  Temperature  of  water,  16.5^  O.  ( t).  Reaction, 
alkaline.  Specific  gravity,  1.0358.  The  pamphlet  statement  is  in  grains 
per  imperial  gallon.  Before  this  analysis  was  made  the  casing  was 
pulled  back  to  185  feet,  so  as  to  admit  the  upper  stronger  water  of  the 
Berea  grit  which  is  more  predominant  in  No.  286A. 

No.  306,  T.  G.  Owen's  well  Atlantis,  on  the  hill  near  the  normal 
school  at  Ypsilanti.  (See  fig.  1.)  Analysts,  J.  H.  Shepherd  and  W.  F. 
Pett,  1884.    Peale,  op.  cit,  page  150. 

It  will  be  noticed  that  No.  305  is  the  strongest  water  of  the  four,  and 
that  the  addition  of  the  Berea  water  has  increased  mainly  the  NaGl, 
while  the  sulphates  have  not  increased  in  the  same  proportion.  The 
relations  of  the  three  wells  are  shown  in  fig.  1. 

The  remaining  analyses  are  for  many  reasons  difficult  to  group.  In 
the  first  place,  the  specific  gravity  is  so  great  that  parts  per  thousand — 
i.  e.,  grams  per  kilogram — and  grams  per  liter  are  by  no  means  equiva- 
lent expressions.  Yet  chemists  accustomed  to  analyzing  waters  whose 
specific  gravity  is  practically  unity,  speak  of  grains  per  imperial  gallon, 
when  grains  per  unit  of  70,000  grains  or  10  x)ounds  is  meant.  Others, 
like  A.  B.  Prescott,  are  careful  to  apply  the  volume  correction.  Then, 
again,  the  specific  gravity  of  a  brine  varies,  at  different  temperatures,  to 
a  measurable,  though  trifling,  extent  (cf.  analysis  No.  323).  Thus  the 
reduction  of  the  analyses  to  strictly  comparable  units  is  not  easy. 
Again,  one  can  not  be  sure  in  such  analyses  as  are  issued  in  advertis- 
ing pamphlets  whether  care  has  been  taken  in  proof  reading,  or  even 
whether  they  have  not  been  altered.  A  number  of  minor  errors  seem 
thus  to  have  crept  into  Peale's  list.  Often  the  kind  of  gallon  is 
not  specified,  and  Peale's  rule — to  assume  the  United  States  gallon 
unless  otherwise  stated — is  not  safe.  In  fact,  when  most  figures  for 
different  constituents  are  multiples  of  7  the  imperial  gallon  is  probably 
used.  Finally,  as  will  be  easily  seen,  the  analyses  vary  considerably, 
and  imperfections  of  analysis,  though  they  may  be  considerable,  are 
unimportant  beside  the  larger  ones  due  to  variation,  from  time  to  time, 
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in  the  quality  of  the  water  itself.  A  most  important  factor  in  this 
connection  is  the  character  and  depth  of  the  casing,  as  is  seen  in  the 
Ypsilanti  wells  jnst  described  (analyses  Nos.  304  and  305).  The  same 
thing  is  seen  in  the  Alma  analyses  (I^os.  327  to  329),  in  all  of  which 
cases  the  withdrawal  of  the  casing  admitted  a  different  water.  We  do 
not  know  the  condition  of  the  casing  in  many  instances,  and,  moreover, 
casing  supposed  to  shut  off  an  upper  water  does  not  always  succeed  in 
effectually  doing  so.  How  far  the  great  variations,  for  example  at 
Mount  Glemens,  are  due  to  the  casings  remains  to  be  proved.  Then, 
again,  variations  have  been  found  which  seem  to  be  connected  with 
the  rate  of  pumping.  There  are  very  few  waters  on  the  list  below  that 
are  not  composite — made  up  of  waters  from  various  levels,  and,  as  they 
come  from  beds  of  varjing  porosity  as  well  as  varying  head,  a  well 
pumped  nearly  to  its  capacity  will  draw  more  largely  from  the  more 
porous  beds  than  when  it  is  more  gently  pumped.  In  fact,  a  very 
porous  bed  with  low  head  might,  under  heavy  pumping,  yield  a  large 
proportion  of  the  water,  which  would  yield  none  in  the  normal  flow. 
Such  are  some  of  the  considerations  which  we  must  especially  keep 
in  mind  in  studying  the  analyses  from  No.  232  on.  There  is  still 
another  consideration  which  is  forced  upon  us  by  the  first  analysis  to 
be  described. 

No.  307  is  supposed  to  be  of  water  from  the  well  of  the  Port  Huron 
Mineral  Bath  Company.  I  am  informed  by  Mr.  W.  L.  Jenks,  who  is 
now  interested  in  the  well,  that  illuminating  gas  comes  at  400  feet  and 
this  mineral  water  at  about  800  feet.  Compare,  in  Geological  Survey 
of  Michigan,  Vol.  V,  the  water  at  772  feet  in  the  Junction  well,  PI.  LI  V. 
I  have  included  this  analysis  rather  against  the  wishes  of  Prof.  A.  B. 
Prescott,  the  analyist,  for  he  does  not  consider  it  a  natural  water.  The 
element  which  has  evidently  been  tampered  with  is  the  bromine,  which 
is  so  out  of  harmony  with  the  proportions  of  other  constituents  that  the 
discrepancy  is  apparent  at  once.  Professor  Prescott  had  the  Ypsilanti 
mineral  water  drawn  by  his  own  assistant,  and  in  that  water  the  Br  was 
barely  a  twentieth  part  of  what  it  is  in  this  analysis.  The  potash  and 
iodine  may  also  have  been  altered  in  No.  307.  But  I  have  thought  it  best 
to  include  the  analysis — first,  to  show  how  recognizable  an  altered  anal- 
ysis is  likely  to  be  to  a  student  of  natural  ones.  The  analysis  was 
recognized  as  not  natural  by  Professor  Prescott  and  myself  quite  inde- 
jiendently.  Again,  I  think  the  real  mineral  water  was  used  as  a  base, 
and  in  some  resx>ects  the  analysis  is  quite  comparable  with  and  an  inter- 
esting link  to  the  other  Dundee  limestone  water  analyses.  The  sample 
gave  Professor  Prescott  a  specific  gravity,  at  15.05°  C,  of  1,070,  and  the 
oxides  and  acids  were  KjO  3.537,  NajjO  37.502,  MgO  3.116,  CaO  4.203, 
SO3  2.312,  CI  49.408,  Br  5.380,  1 0.319,  CO,  0.035,  SiO,  0.010,  HjS  0.649. 

It  must  be  recognized  that  we  are  dealing  with  a  group  of  waters 
which  are  unquestionably  of  high  healing  value  and  economically  of 
great  imx>ortance,  in  which  there  is  lively  competition,  and  where  there 
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is  a  temptation  for  an  owner  to  add  to  bis  well,  before  analysis, 
elements  considered  desirable,  jast  as  tbe  famous  ApoUinaris  water  is 
said  to  bave  a  little  salt  continnally  added  to  it.  It  is  legitimate  if  tbere 
is  no  deception  about  it  and  if  the  water  is  kept  true  to  its  quality. 
The  above  statement  may  apply  also  to  No.  310,  though  reported  to 
me  as  coming  from  a  well  340  feet  deep.  The  OO2  is  certainly  added, 
and  the  analysis  could  be  nearly  reproduced  by  diluting  No.  311  with 
pure  water  one-hundred  fold.  I  do  not  say  that  this  is  not  an  excellent 
table  water.  Strong  brines  must  also  be  diluted  to  be  drinkable,  and  so 
thiB  St.  Clair  mineral  water,  analyzed  by  Professor  Prescott  in  December, 
1894,  and  the  analysis  published  by  the  owner,  was  a  dilution  of  a  very 
strongly  saline  water,  artificially  charged  with  carbon  dioxide,  and  did 
not  represent  a  natural  water.  Most  waters  are  artifically  charged  for 
the  market. 

No.  308  is  of  water  f^om  a  well  1,400  feet  deep  at  Benton  Harbor  (see 
Geological  Survey  of  Michigan,  Vol.  V,  Part  II,  PI.  YII).  The  water  is 
known  as  Benton  Harbor  Excelsior  mineral  water.  Prof.  John  H. 
Long,  of  Northwestern  University,  analyst.  The  H2S  is  cubic  inches 
per  gallon  at  70°  F.  Specific  gravity  of  water  at  70o  F.,  1.1058;  allowed 
for  in  the  reduction. 

No.  309  is  of  water  from  Gold  water,  sent  by  G.  B.  Bandall.  Pro- 
fessor Prescott,  analyst,  1893.  Gompare  also  Geological  Survey  of 
Michigan,  Vol.  V,  Part  II,  PI.  X.  The  bases  and  acids  determined 
were  as  follows: 

specific  grftvity,  at  20^  C,  1.159. 

Parte  per  thouaand. 

Alnmmam  oxide ^...  0.1910 

Ferroas  oxide 0.0249 

Ferric  oxide 0.0619 

Manganese Tr. 

Magnesium  oxide 5.2J17 

Calciam  oxide 11.5650 

Sodium  oxide 82.9500 

CMorine •. 121.1360 

Bromine 1.8010 

Sulphur  of  sulphides 0. 0012 

Sulphuric  anhydride 0. 5650 

Silicon  dioxide 0.0109 

Estimation  of  Br  as  descrihed  fn  an  article  by  Prescott  and  Dunn,  Jour.  Anal.  Chem., 
5.876(1889) 223.0646 

1^0.  310  is  of  Salutaris  water,  bottled  and  put  on  the  market. 
Analyst,  0.  F.  Chandler.  Redaced  from  grains  per  United  States 
gallon  to  grains  per  liter  or  kilogram.  Chandler's  No.  2779,  June  10, 
1890.  This  water  is  said  to  be  from  a  well  340  feet  deep,  and  cased 
down  to  rock.  Compare  above  under  No.  276 j  see  also  Geological 
Survey  of  Michigan,  Yol.  Y,  Part  II,  PI.  LXII.  It  is  barely  possible 
that  by  an  unexpected  fold  or  fault  the  Berea  grit  comes  iu  here,  for 
tbe  water  resembles  very  much  that  of  Wales  (No.  122)  and  Birming- 
ham (No.  286). 
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No.  311  is  of  water  from  the  St.  Glair  mineral  springs.  Oited  by 
Peale,  op.  cit.,  page  149;  no  analyst  is  given.  The  analysis  is  not  com- 
plete, and  I  have  doubts  as  to  whether  it  is  in  grains  per  United  States 
or  imperial  gallon,  and  also  as  to  the  specific  weight. 

No.  312  is  of  water  from  the  St.  Clair  spring,  Oakland  Hoase  well. 
Depth,  1,250  feet,  cased  1,000  feet.  Statement  published  in  pamphlet 
is  in  grains  per  United  States  imperial  gallon  (really  imperial  gallon). 
Analyst,  S.  P.  Duffield.  ^^I  think  you  would  find  more  salt  if  yon  went 
deeper."  "Your  water  shows  a  large  proportion  of  calcic  chloride.*^ 
This  analysis  is  remarkable  for  the  largest  proportional  amount  of 
earth  chlorides,  and  yet  only  traces  of  bromides,  etc.  It  would  be 
interesting  to  know  how  much  potash  the  water  contains.  (Compare 
No.  313.) 

No.  313  is  of  Somerville  spring  mineral  water,  St.  Clair,  Michigan. 
Statement  in  published  pamphlet  in  grains  per  imperial  gallon  (as  the 
figures  are  multiples  of  7).  Analyst,  S.  P.  Duffield.  This  well  is  very 
close  to  that  from  which  sample  !No.  312  was  taken,  and  yet  the  waters 
are  markedly  different;  the  analyses  were  made  by  the  same  chemist. 
Bo  the  potash  and  bromide  belong  to  an  upper  flow  which  is  cased  out 
of  No.  312  f  In  other  cases  also  the  KCl  and  the  CaCla  are  inversely 
proportional. 

No.  314  is  of  watei^  from  the  Mount  Clemens  original  well,  which  has 
also  at  times  been  known  as  the  Avery  and  the  Soolbad.  Analyst, 
H.  F.  Meier;  cited  id  grains  per  gallon  without  specific  weight,  by  Peale, 
op.  cit.,  page  148.  This  water  is  the  least  mineralized  of  all  the  Mount 
Clemens  waters  analyzed,  having  as  much  or  more  NaCl,  but  being 
deficient  in  earthy  chlorides,  elsewhere  so  marked  a  feature  of  the 
waters.  As  the  Mount  Clemens  resort,  like  most  Michigan  resorts  of 
this  class,  started  in  an  abandoned  salt  industry,  this  may  represent 
more  nearly  the  original  brine,  the  casing  being  afterwards  withdrawn 
to  let  In  brine  stronger  in  other  constituents. 

No.  315  is  of  water  from  the  same  well  as  No.  3i4 — ^the  Avery. 
Analyst,  S.  P.  Duffield.  As  given  by  Peale  this  is  in  grains  per  United 
States  gallon,  and  the  CaS04  is  stated  as  100.56.  In  pamphlets  I  find 
the  CaS04  100.335  and  the  gallon  stated  as  the  imperial,  the  same 
figures,  which  are  mostly  multiples  of  7,  being  used.  This  is  the 
analysis  of  Mount  Clemens  water  most  often  cited  in  other  reports  for 
comparison.  The  presence  of  nitrogen  is  interesting.  Perhaps  some 
of  the  rare  gases  recently  discovered  which  have  masqueraded  behind 
N  are  also  present. 

No.  316  is  of  water  from  the  same  well  as  Nos.  314  and  315 — the 
Soolbad.  Analyst,  S.  P.  Duffield,  1884.  Only  a  partial  analysis.  Oited 
by  Peale,  Bulletin  XJ.  S.  Geological  Survey  No.  32,  page  148. 

No.  317  is  of  water  from  the  Clementine  well,  1,060  feet  deep,  at 
Mount  Clemens,  B.  B.  Coursin,  proprietor.  Of.  Geological  Survey  of 
Michigan,  YoL  V,  Part  II,  PI.  XLII.    Fenton  Hotel.    Analyst,  Theo. 
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Tonnel^,  McKeesport,  Pennsylvania,  June  14, 1893.  Specific  gravity- 
1.1313.  Given  on  advertising  card  as  in  grains  per  United  States 
gallon;  specific  gravity  allowed  for,  the  units  for  gas  not  given.  Total 
solids  by  evaporation,  at  20.5^  C,  10,786.3  grains  per  gallon.  By  sum, 
mation,  including  8  10,874.626  bydrosulpbate  and  hydrosillphite  of 
sodium  lumped  together,  but  not  the  clay  and  sulphide  of  iron,  as  insol- 
uble matter.  The  sulphide  of  iron  and  free  S  indicate  decomposition  of 
the  H2S  and  precipitation  on  the  long  journey  to  Pennsylvania. 

No.  318  is  of  water  from  the  Mount  Clemens  Medea  well.  Depth 
1,244  feet.  Second  well  put  down.  See  Geological  Survey  of  Michigan, 
Vol.  V,  Part  II,  page  71.  Analyst,  S.  P.  Duffield,  1884.  Cited  by 
Peale,  Bulletin  XJ.  S.  Geological  Survey  No.  32,  page  148,  as  in  grains 
per  United  States  gallon.  This  analysis  is  so  similar  to  No.  319  as  to 
appear  like  an  incomplete  version  of  the  same;  but  the  latter  is  given 
in  grains  per  imperial  gallon. 

No.  319  is  of  water  from  the  same  well  as  No.  318.  Analyst,  S.  P. 
Dui&eld,  cited  from  pamphlet  in  grains  per  imperial  gallon.  In  NaOl, 
MgClj,  and  in  total  solids  this  checks  well  with  the  Clementine  analysis, 
No.  317;  but  No.  319  has  OaOU  where  No.  317  has  the  same  amount 
approximately  divided  between  potassic  and  calcic  chloride. 

No.  320  is  of  the  water  of  the  Mount  Clemens  Sanitarium  Company, 
Limited.  This  is  from  the  most  recent  well,  1,000  feet  deep,  with,  it  is 
believed,  only  70  feet  casing.  Analyst,  John  E.  Clark.  Water  taken 
July,  1896.  Analysis  dated  August  5,  1896.  Gas  in  cubic  inches; 
other  constituents  in  grains  per  imperial  gallon.  '  I  have  not  been  able 
to  find  by  inquiry  whether  or  not  the  specific  gravity  was  taken  into 
account,  but  I  have  assumed  for  the  reduction  that  the  imperial  gallon 
was  taken  as  10  pounds.  In  this  sample  and  in  No.  319  C02  was 
present,  but  was  not  estimated,  and  the  iron  sulphide  precipitate  is 
included  in  the  summation. 

No.  321  is  of  water  from  the  well  of  the  Windsor  Salt  Works, 
Windsor,  Ontario  (directly  opposite  Detroit).  Analyst,  F.  E.  Engle- 
hart.  Specific  gravity  1.1817.  I  have  taken  this  analysis,  in  default  of 
any  analysis  of  water  on  the  Michigan  side  of  the  river,  to  show  the 
nature  of  the  lower  salt  brine. 

The  foregoing  analyses  show  clearly  the  nature  of  the  waters  from  a 
geological  point  of  view.  Passing  through  the  impervious  cap  of  black 
shale,  at  first  comi)aratively  weak  water  strongly  charged  with  gas, 
especially  H^S,  is  struck  (analyses  Nos.  296,  300,  301,  and  303  to  307). 
Penetrating  deeper  we  come  to  a  set  of  strata  saturated  with  bitterns 
or  mother  liquors  (cf.  Nos.  283  and  284  with  Nos.  318  and  319)  deposited 
from  the  sea  which  was  left  after  the  great  beds  of  rock  salt,  which 
have  been  and  are  now  actively  exploited  through  still  deeper  wells 
(analyses  Nos.  320  and  321),  had  been  laid  down.  Organic  matter,  as 
already  mentioned,  may  have  decomposed  CaS04  and  produced  the  H^S. 

The  records  of  various  wells,  as  given  by  Mr.  Wright  in  Vol.  V  of  the 
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reports  o*'  the  geological  survey  of  Michigan,  contain  a  mass  of  data  as 
to  the  specific  gravity  of  the  brines  at  the  various  depths,  illustrative 
of  these  points. 

iN'o.  322  is  of  ^ater  fix)m  the  Oanfield  &  Wheeler  well  at  Manistee; 
Geological  Survey  of  Michigan,  Vol.  V,  Part  II,  PL  XXXI.  A.  B. 
Prescott,  analyst.  Analyzed  between  1883  and  1890.  Specific  gravity 
at  60O  F.,  1.20054. 

No.  323  is  of  water  from  the  same  well  as  Ko.  322,  and  by  the  same 
analyst;  1893.  Evidently  the  brine  had  deteriorated  in  purity.  Specific 
gravity  at  16°  C,  1.26;  at  25°  0.,  1.255.  The  analysis  was  only  partial, 
as  follows  : 

Cl 1M.477 

Br    fi.730 

CaO 65.352 

MgO 24.*  280 

Fe Tr. 

SO3 Sl.tr. 

K Tr. 

Li Tr. 

A  provisional  estimate  of  the  potassium  was  obtained  (weighing 
potassic  platinic  chloride)  giving  0.0169  per  cent  of  K2O.  An  estimate 
of  the  lithium  weighed  as  sulphate  gave  duplicates  for  0.0111  LiO}, 
which  "is  surely  far  too  high." 

The  estimate  of  the  bromine  was  made  by  the  indirect  method 
described  in  Journal  of  Analytical  Chemistry,  Vol.  Ill,  page  375, 1889, 
but  with  a  solution  of  silver  nitrate  of  known  strength  for  precipita^ 
tion  and  estimating  the  excess  of  this  solution  used,  so  that  the  con- 
sumption of  silver  nitrate  in  precipitating  can  be  held  as  a  control  for 
the  weight  of  metallic  silver  obtained  through  reduction  of  a  known 
amoont  of  silver  chloride  bromide. 

No.  324  is  of  brine  from  Sand  Beach  mineral  well.    Depth,  1,920 
feet.     See  Geological  Survey  of  Michigan,'Yol.  V,  Part  II,  pages  80-83. 
E.  O.  Kedzie,  analyst,  August,  1890.     Original  figures  are  in  grains  per 
imx>erial  gallon  of  10  pounds.    This  and  the  two  following  analyses  have 
an  interesting  history.    The  well  whose  record  is  given,  loc.  cit.,  was 
originally  a  salt  well.    When  Dr.  Kedzie's  analysis  showed  the  astound- 
ing and  unsuspected  proportions  of  K  and  Br  given,  Mr.  George  W. 
Jenks  had  the  sample  sent  to  S.  P.  Duffield  for  verification.    The 
analysis  returned,  No.  325,  shows  an  even  stronger  water,  and,  curi- 
ously enough,  all  the  constituents  increased  in  exactly  the  same  pro- 
portion.   Finally,  a  sample  sent  in  1896  to  Hetherington  &  Easher, 
an   f^ngllsh  firm  of  commercial  chemists,  with  a  view  to    testing 
before  exploiting  such  remarkable  richness,  gave  analysis  No.  325,  in 
whicb  the  Br  and  K  have  dropped  to  more  usual  proportions.    Some 
comments  may  be  made  later  on  this  whole  subject.    Suffice  it  to  say 
now,  that  a  considerable  sample  of -the  original  water  still  exists  at  the 
Agricultural  College,  and  there  is  every  reason  to  believe  that  th^ 
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original  analysis  is  a  correct  one  of  the  original  water  at  1^860  feet 
The  sample  analyzed  in  1896  was  mixed  with  a  deeper  water^  for  the 
well  was  then  deeper. 

No.  325  is  of  brine  from  Sand  Beach.  S.  P.  Duffield,  analyst.  Refer- 
ence as  above.  Specific  gravity  at  60<^  F.,  1.180.  Statement  given  in 
grams  per  liter  (really  per  kilogram).  HsS  is  0.2271  gram  or  10.745 
cubic  inches.    Total  solids  directly  estimated  per  liter,  311.6  grams. 

Ko.  326  is  of  brine  from  Sand  Beach,  taken  in  1896.  Analysts,  Hetb- 
eringtou  &  Easher,  England.  Specific  gravity,  1.187.  Probably  in 
this  analysis  the  imperial  gallon  is  really  a  volume,  and  not  as  in  the 
two  previous  analyses  10  pounds;  in  such  a  case  the  total  solids  would 
agree  closely.    The  reduction  is,  however,  made  by  dividing  by  70. 

The  next  group  of  analyses  are  all  irom  the  same  well — that  of  the 
Alma  Sanitarium,  Dr.  J.  H.  Lancashire,  president.  The  well  record  is 
illustrated  in  fig.  2,  which,  being  of  a  deep  well  in  the  center  of  the 
basin,  illustrates  also  the  general  relations  of  the  strata  for  most  of 
the  other  wells  mentioned.  The  Berea  grit,  however,  was  not  reported 
in  this  well;  this  is  quite  strange,  as  the  formation  is  well  developed 
at  Bay  City.  These  wells  do  not  give  off  H2S  perceptibly,  but  a  small 
amount  of  illuminating  gas  is  discharged  which  the  analysis  does  not 
mention.  The  effect  of  pulling  back  the  casing  so  as  to  let  in  the  Mar- 
shall waters  seems  to  increase  the  bromine  and  decrease  the  total  solid 
constituents.  The  relative  increase  of  salt  and  diminution  of  chlorides 
of  lime  and  magnesia  agree  in  indicating  that  thereby  a  more  pnrely 
salty  brine  like  l^o.  281  is  admitted.  A  similar  experience  was  had  at 
Tpsilanti.  In  other  words,  the  Alma  water  is  a  mixture  of  the  upper 
bitterns  of  Mount  Clemens  with  a  brominiferous  Marshall  water.  The 
analyses  are  stated  in  grains  per  United  States  gallon,  and  I  have  not* 
been  able  to  obtain  the  original  figures  nor  the  specific  gravity,  but  they 
should  be  reduced  to  parts  per  thousand,  for  comparison,  by  dividing 
by  about  70;  this  implies  a  specific  gravity  of  about  1.2,  which  must  be 
nearly  correct. 

No.  327  is  dated  August  17,  1894.  Analysts,  C.  F.  Chandler  and 
C.  E.  Pellew,  of  Columbia  University.  See  Geological  Survey  of  Michi- 
gan, Vol.  Y,  Part  II,  page  46. 

No.  328  is  dated  May  24, 1894.  Same  analysts  and  references  as  No. 
327.  The  casing  had  been  pulled  back  for  the  above  analyses,  I  am 
informed. 

No.  329  is  dated  January  15, 1890.  The  well  struck  this  water  in 
March,  1889.  This  I  understand  to  be  purely  the  bottom  water. 
Another  account  of  the  casing  is  as  follows: 

This  weU  was  cased  with  8-inch  casing  600  feet,  then  a  5|-inch  casing  615  feet. 
At  1,053  feet  the  hole  was  reduced  to  admit  a  4i-inoh  casing,  which  was  eventually 
carried  down  to  the  1,500-foot  level.  From  this  point  there  is  no  casing  and  we  are 
using  a  pump  that  extends  down  1,500  feet. 
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In  spite  of  the  difficulties,  upon  which  I  have  enlarged  x>6rhapa  too 
mnch,  I  am  able  to  make  some  generalizations  of  interest  and  I  trust 
of  practical  value. 

If  we  take  any  one  stratum  yielding  water,  we  find  that  the  deeper 
it  is  the  more  strongly  mineraUzod  it  is.  At  the  margin  the  salts  are 
more  often  carbonates  and  sulphates,  and  are  replaced  below  by  chlo- 
rides, and  the  earthy  chlorides  and  bromides,  etc,  appear  to  be  richer 
in  the  deeper  or  central  parts.  But  the  rate  of  mineralization  is  far 
from  the  same  in  different  beds.  The  freshest  horizons  for  a  given 
depth  apiiear  to  be  the  Dundee  and  the  Marshall.  The  former  appears 
to  be  characteristically  sulphureted,  far  more  so  than  any  other  hori- 
zon. The  latter  is  the  chief  horizon  for  potable  water,  and  is  capable 
of  supplying  a  large  part  of  the  State,  but  must  be  shielded  in  many 
cases  from  overlying  waters.  Above  the  Marshall  the  waters  are  likely 
to  be  mineralized  even  if  quite  shallow,  and  generally  strong  in  sul- 
phates, with  or  without  salt.  Below  the  Marshall  is  the  Berea  grit, 
which  is  somewhat  saline  even  in  shallow  wells,  yields  excellent  brine 
in  the  deeper  wells,  illuminating  gas  and  oil  rather  than  H2S,  and  is 
marked  by  the  predominance  of  sodium  and  the  relative  freedom  from 
earthy  chlorides.  Has  this  any  coDuection  with  its  isolation  in  a  shale 
series  away  from  any  limestone  f  Below  the  Dundee  the  predominance 
of  these  earthy  chlorides  is  characteristic,  and  also  probably  the  con- 
centration of  K  and  some  of  the  rarer  elements  from  the  great  salt 
depositing  process,  the  results  of  which  we  find  still  farther  down. 

So  far  as  the  rarer  elements  and  less  sought  for  compounds  are  con- 
cerned, it  must  be  said,  however,  that  analytical  methods  are  not  yet 
satisfactory  for  brines.  The  Midland  Chemical  Company  is  a  large 
manufacturer  of  bromine,  practically  dominating  the  industry,  and  is 
said  to  have  improved  methods  of  analysis.  But  these  are  commercial 
considerations.  I  have  had  complaints  that  efforts  had  been  made  in 
vain  to  get  from  the  East  Tawas  brines  the  bromine  that  was  said  to 
be  there.  Again,  the  presence  of  celestite  associated  with  sulphur  at 
Scofield  and  other  points  in  the  Helderberg  series,  suggest  that  Sr  must 
be  a  constant  constituent  of  the  sulphureted  waters.  But  its  presence, 
even  in  traces,  is  rarely  noted  in  the  analyses.  Doubtless,  if  especially 
looked  for,  it  would  be  found  more  widely  diffused.  On  the  other  hand, 
I  have  been  assured  by  a  competent  chemist  that  the  Michigan  brines 
difl'er  from  those  of  Ohio  and  Pennsylvania  in  the  absence  of  iodine 
and  lithium.  Ammonic  chloride,  reported  from  Alma,  is  probably 
widespread  and  generally  overlooked. 

From  the  Dundee  and  the  limestone  series  below  are  a  number  of 
interesting  brines  which  we  are  not  yet  able  to  differentiate.  The  first 
analysis  of  the  Sand  Beach  brine  was,  I  believe,  correct,  and  the  bro- 
miniferous  pocket  was  either  exhausted  or  diluted  with  a  lower  water. 


88  LOWER   MICHIGAN   MINERAL   WATERS.  [no. 31. 

for  even  the  English  analysis  shows  a  notable  amoant  of  K  and  Br. 
The  general  criticism  may  be  made,  on  the  exploitation  of  the  uudoabt- 
ediy  valaable  medicinal  bitternn  of  Michigan,  that  too  little  attention 
and  study  has  been  given  to  the  precise  effects  of  the  varioas  compo- 
nents in  particular  classes  of  diseases.  Although  both  a  salphureted 
water  and  a  saline  water  have  medicinal  values,  they  are  not  exactly 
the  same.  Yet  the  usual  custom  is  to  let  them  flow  together  and  to 
continue  boring  until  the  salinometer  shows  considerable  strength,  so 
that  ''the  bathers  may  feel  the  buoyancy  and  feel  that  they  are  getting 
their  money's  worth,"  and  it  is  desired  that  the  analysis  may  show  as 
strong  a  water  as  a  neighboring  establishment,  or  a  similarity  to  some 
famous  water.  Ko  attempt  to  separate  the  various  waters  and  use 
them  according  to  the  circumstances  of  the  case  seems  to  have  been 
made,  further  than  to  have  one  well  for  drinking  and  another  for  bath- 
ing. And  yet  anywhere  along  the  Detroit  and  St.  Olair  rivers  it  would 
be  easy  enough  to  have,  even  from  one  well,  a  sulphureted  water,  a  cal- 
cium chloride  water,  and  a  strong  salt  water,  and  perhaps  other  varie- 
ties, to  be  used  as  each  case  required. 

I  have  been  told  that  hygienic  living  and  drinking  plenty  of  water 
are  essentially  the  most  important  curative  agents,  and  next  to  them  is 
salt.  So  far,  however,  as  particular  mineral  and  gaseous  ingredients 
are  really  of  importance,  the  plan  above  suggested  would  certainly  be 
a  step  in  advance.  Again,  in  view  of  the  evidence  of  gradual  changes 
in  analysis,  perhaps  from  deterioriation  of  casing,  it  would  be  well  to 
keep  weekly  records  of  salinometer  strength  and  temperature  and  also 
of  the  quantity  of  water  pumped,  which  would  quickly  indicate  any  leak 
in  the  casing,  and  if  any  notable  difference  was  thus  detected  it  might 
be  well  to  analyze  the  water  again. 

In  studying  the  sanitary  analyses  of  potable  waters  I  am  brought  to 
the  conclusion  that,  so  far  as  typhoid  and  kindred  diseases  are  con- 
cerned, direct  microscopic  investigation  and  bacteriological  study  are 
more  important  than  consideration  of  chemical  constituents  as  indica- 
tors of  sewage  contamination.  It  is  easy  to  see  that  chlorine  in  par- 
ticular is  no  guide,  unless  one  knows  accurately  the  normal  percentage 
for  uncontaminated  water  under  the  same  geological  conditions.  Pro£ 
Delos  Fall,  of  the  State  board  of  health,  is  pursuing  researches  along 
this  line.  In  many  cases  even  an  abnormally  low  x>ercentage  of  min- 
eral matter  or  salt  is  suspicious,  as  indicating  dilution  with  rain  and 
other  surface  water.    This  is  especially  true  of  abnormally  soft  waters. 

I  have  given  the  dates  of  the  analyses,  because  the  State  board  of 
health  has  shown  that  the  prevalence  of  typhoid  fever  increases  with 
the  lowering  of  the  water  in  the  wells,  the  curves  of  their  diagram 
showing  the  prevalence  of  typhoid  from  month  to  month  and  the  par- 
allel lines  the  height  of  water  in  the  wells.  The  lowest  water  (231 
inches  below  ground  on  the  average)  and  the  greatest  number  of  cases 
of  typhoid  occur  in  October,  the  highest  water  (197  inches  below 
ground)  and  the  fewest  cases  of  typhoid  in  the  spring. 
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]^ot  only  does  ammonia  occar  in  peaty  waters,  which  are  not  neces- 
sarily dangerous,  though  likely  to  be  malarial,  but  in  the  Alma  well, 
at  a  depth  of  2,860  feet  we  find  it  playing  the  same  rdle  as  magnesium 
or  calcium.  Hence  it  is  not  a  reliable  indication  of  contamination.  It 
does  not,  however,  by  any  means  follow  that  a  chemical  examination  of 
ordinary  waters  is  valueless.  With  due  regard  to  all  conditions,  such 
analyses  may  furnish  valuable  indication  as  to  sewage  contamination, 
and  it  is  one  of  the  objects  of  this  paper  to  enable  the  chemist  to  study 
and  judge  what  the  normal  analysis  should  be.  But  germ  diseases  are 
not  the  only  ailments  of  man,  and  extremely  hard  waters,  like  those 
around  Mount  Pleasant,  are  by  no  means  wholesome  simply  because 
there  is  no  possible  surface  contamination.  The  relation  between  the 
percentage  of  various  mineral  constituents  and  certain  chronic  diseases, 
and  the  uric  acid  diathesis  has  not,  to  my  knowledge,  been  carefully 
studied.  The  map  (PL  lY)  shows  by  shaded  areas  those  parts  of  the 
State  where  the  waters  commonly  drunk  are  most  likely  to  be  highly 
charged  with  mineral  matter,  and  it  would  be  interesting  to  see  if  these 
areas  correspond  in  any  significant  way  to  disease  distribution.  Of 
course  in  these  shaded  areas  there  are  many  surface  wells  of  nonmin- 
eral  waters.  Yet  the  waters  of  many  wells  are  strongly  cathartic  or 
otherwise  unpleasant  to  those  unused  to  them,  as  stirangers  coming 
temporarily  to  help  in  harvest  and  threshing  soon  discover.  It  seems 
natural  to  suppose  that  a  water  which  will  favorably  affect  some  sick 
l>eople  will  unfavorably  affect  others,  and  that  some  waters  may  be 
permanently  too  strong  for  some  constitutions,  while  other  systems 
which  may  be  at  first  decidedly  unsettled  by  them  in  time  become 
perfectly  accustomed  to  them.  Throughout  the  central  or  shaded  area, 
in  chronic  diseases  like  rheumatism  and  constipation  it  might  be  worth 
while  to  experiment  with  pure  filtered  rain  water  (flavored  if  necessary 
with  a  little  salt  or  lithium  carbonate)  as  a.  beverage. 

In  regard  to  brine  for  salt  making,  rock  salt  and  very  pure  brines 
occur  in  the  Salina,  north  of  a  line  from  Trenton  to  Muskegon.  !N'ext 
ranks  the  brine  of  the  Berea,  and  then  that  of  the  Marshall. 

Just  above  the  Salina  the  rocks  seem  to  be  saturated  with  bitterns. 
That  would  seem  to  be  a  most  hopeful  field  to  develop  for  potash  salts. 
September  29, 1899,  newspapers  rex)ort  that  explorations,  particularly 
for  potash,  will  begin  in  October.  Some  of  the  Coal-Measure  waters 
seem  also  to  run  relatively  high  in  potash.  At  considerable  depths 
both  this  horizon  and  the  Marshall  seem  to  possess  bromides  in  valu- 
able quantities. 
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The  Appendix  contains  some  analyses  which  were  received  too  late 
for  insertion  in  their  proper  places  without  entirely  renumbering  the 
analvses.     Beferences  to  these  later  analyses  have,  however,  been 
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LOWER   MICHIGAN   MINERAL   WATERS. 


[N0.3L 


Kninber  of  biMsterla  per  ca.  cm . . 

Loss  on  ignition,  organic  matter. 

Nitrates 

Albuminoid  ammonia 

Free  ammonia 

NaCl 

Organic  suspended  matter 

Inorganic  suspended  matter 

Total  solids 


5A. 
Detroit. 


140 


0.0420 


.00008 

.00007 

.0042 

.0007 

.0137 

.1240 


6A. 

Detroit. 


0  95 
15  110 
18  80 
0.0412 


7A. 
Detroit. 


.00007 
.00006 
.0043 


.1100 


.  80  to  800 

0.0320 
.00013 
.00008 
.00006 
.0045 


.1144 


7B. 

Lake 

Michigan, 

Milwaukee. 


0.080 
0. 
.0000005 

.0000076 
.0092 


.2000 


7C. 

Lake 

Michigan, 

Chicago. 


520. 


.0024 


.00008 

1.00000 


.0180 
.13 


Constituent. 


CaCO, 

CaSOi 

Fe,0, 

FeCOi 

MgCO, 

SiO, 

NaCl 

Loss  on  ignition 

Total  solids  at  212^  F . . . . 

Albuminoid  ammonia 

Free  ammonia 

Temporary  hardness 

Permanent  hardness 

O  from    permanganate 
by  boiling , 


35A. 

Boardman 
River. 


CaO 


0.0588 

0.0 

Much. 


MgO      .  0147 


.0077 

.060 

.100 

.00002 

.00007 
9.0 
6.0 

.02 


Constituent. 


CaO   

Fe,Q,-HAl,0,.. 

MgO 

SIO, 

NaCl 

SO, 

Organic  residue 
Total  residue... 


43  A. 
Saginaw  River. 


5.96 
.085 

S,1B 
.045 
.63 
.009 
.$15 
.0045 

8.76 
.030 

fS.60 
.037 

6.95 
.076 
98.76 
.325 


35B. 

Boardman 
River. 


CaCOa  0.0744 
.0455 


.0001 
.0400 
.0078 
.0167 


.1964 


35C. 


Asylum 
brook. 


0.122 
.007 


.003 

.015 

.005 

.002 

.00 

.2440 

.0005 

.001 


35D. 

Spring  near 
Asylum. 


0.135 
.008 


.002 
.060 
.003 
.001 
.064 
.268 
.002 
.0015 


86A. 

Brook  near 

Agrionl* 

tural 
College. 


.1083 
.2696 


2.60 
6wO 


43B. 
Saginaw  River. 


4.8S 
.060 

S.4S 
.040 

8.  OB 
.029 
.86 
.005 

8.76 
.030 

8.S9 
.034 

4.80 
.060 
84.16 
.345 


43C. 
Saginaw  River. 


6.80 
.077 

4.78 
.067 
.60 
.007 

LIB 
.017 

4.84 
.069 

L04 
.015 

7.55 
.105 
8S.80 
.340 


43D. 
Saginaw  River. 


6.60 
.080 

4.80 
.060 

L50 
.021 
.86 
.005 

6.07 
.072 

8.48 
.036 

9.20 
.130 
88.36 
.406 


un.] 
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CaSO«. 

K.SO4. 
SIO,... 


68A. 

Mount 
Clemens. 


{ 
{ 

{ 
{ 
■{ 


Tr. 

10.S7S 
.1408 
.359 
.0051 
,067 
.0000 
5.473 
.0782 
.306 
.0044 
.524 
.0075 


Gonstitaent. 


68A. 
"Pagoda, 
Mount 
Clemens. 


ti 


NaCl 


Na,SO« 


{ 

'{ 


1.969 
.0280 
1.234 
.0176 

P,Oi '      8L  tr. 

Organic 6L  tr. 

Sam 


to,  195 
.2885 

CO» 'l9.2on.in. 


{ 


172A. 
Lansing. 


Besnlt  of  inocolaUon . 

ITamber  of  bacteria  I 
in  72  hours 


Nitritea 0 

mtntea 0 

Albuminoid  ammo-  ' 

nU 0.000021 

Free  ammonia .000013 


172B. 
Lansing. 


235 
0 
0 


0.000019 
.000021 


Potassiam    perman- 
ganate reduced . . . 

ClasNaCl 


Organic  residue. . . 
Inorganic  residue. 

Total  residue 

Hardness 


172A. 
Lansing. 


172B. 
Lansing. 


0.002 
.00825 


0.004 
.01485 


.017 
.041 


.100 
.282 


.058 

4.0 


.882 
i.8o 


Conatitnent. 


AlA 


N0.286A. 
Ypsilanti. 


CaCOk 
CaCU. 
CaS04 


{ 
{ 


Pe,0, 

MgCl,... 


KCl 
SiO, 


10,5 
.15 
194.71 
2.78 


161,84 

2.812 

a  17.  SO 

.25 

266.76 

8.65 

4$.  70 

.61 


No.  291  A. 
Bay  City. 


Constituent. 


.18 


87.85 
.04 


.31 
10.67 


NaCl 


NaBr 


Sal 


H,S 

P.Oi 

Total  solids  by  evap- 
oration   


Total  solids  by  calcu- 
lation  


No.  286  A. 
Ypsilanti. 


P,  692. 99 

137. 61 

12.60 

.18 

5.60 

.08 

144.10 

2.06 

Tr. 

10,476.60 

149.67 

10,478.30 

149.60 


No.  291  A. 
Bay  City. 


162.86 
6.17 


262.1 
262.08 


a  Carbonate. 


b  MgBr. 


Xo.  286A  is  a  recent  analysis  of  water  from  the  Ypsilanti  Sanitarium. 
Analyst,  Prof.  John  B.  Clark,  of  Detroit.  Specific  gravity,  1.038; 
reaction  slightly  alkaline;  analysis  in  grains  per  imperial  gallon.  Kote 
that  tbe  H3S  appears  to  be  included  in  the  total  solids  by  calculation. 

No.  291A  is  of  the  brine  encountered  in  the  Bay  City  deep  well  at 
2,200  feet,  which  rose  to  the  surface,  notwithstanding  a  specific  gravity 
of  1,2223.    Analyst,  Prof.  F.  S,  Kedzie, 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

Washington^  Jvly  SI,  1899, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  relating 
to  the  water  resources  of  Puerto  Rico  and  to  request  that  it  be  pub- 
lished as  one  of  the  series  of  Water-Supply  and  Irrigation  Papei-s. 
The  report  is  based  on  notes,  sketches,  and  photographs  gathered  by 
Mr.  Herbert  M.  Wilson  during  a  brief  journey  made  through  the 
island  of  Puerto  Rico  in  January,  1899.  The  object  of  this  trip 
was  primarily  to  study  the  topographic  characteristics  and  the  water 
resources  of  the  island,  but  incidentally  numerous  memoranda  rela- 
tive to  the  soil,  agricultural  products,  and  forests  were  obtained. 

Mr.  Wilson  landed  at  the  capital  city  of  San  Juan,  whence  a  short 
trip  was  made  by  rail  via  Rio  Piedras  to  Carolina,  whence  saddle 
animals  were  taken  still  farther  eastward  to  Canovanas  and  south- 
ward up  the  river  of  that  name  to  its  head  waters,  in  the  Sierra  de 
Luquilla.  After  returning  to  San  Juan  he  proceeded  by  ambulance 
over  the  military  road,  which  crosses  the  island  diagonally  toward  the 
southwest,  via  Caguas,  Cayey,  Aibonito,  Coamo,  and  Juana  Diaz,  to 
Ponce,  traveling  by  slow  stages  and  making  the  distance  of  80  miles 
in  four  days. 

At  Ponce  Mr.  Wilson  and  his  party  were  furnished  with  pack  and 
saddle  animals  and  civilian  packers  and  set  out  the  next  day  via 
Adjnntas  and  Lares,  San  Sebastian,  and  Aitasco  to  Mayaguez,  on  the 
west  coast.  Thence  the  return  journey  to  Ponce  was  made  on  horse- 
back via  Hormigueros  and  San  Glerman  to  Yauco,  where  rail  was 
taken  for  Ponce. 

Thus  the  trip  included  the  coun  try  from  the  mountain  tops  near  the 
eastern  end  of  the  island  to  near  the  southeast  coast  above  Guayama 
and  to  the  south  coast  at  Ponce,  a  return  to  near  the  northwest  coast 
at  Lares,  and  a  circuit  of  the  southwestern  coast  from  Mayaguez  to 
Ponce,  The  party  crossed  or  visited  the  head  waters  of  all  the  more 
important  streams,  saw  nearly  the  entire  country  from  the  vantage 
points  of  the  high  summits,  and  visited  nearly  all  of  the  larger  cities 
except  those  at  the  eastern  extremity  of  the  islan<l. 
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This  route  led  into  the  highest  mouutains  at  the  eastern  end  of  the 

island,  within  view  of  £1  Yunque,  the  highest  peak;  also  into  the 

Sierra  de  Cayey  and  the  Cordillera  Central,  occupying  the  main  length 

of  the  island,  and,  finally,  into  the  low  coral  sugar  loaves  near  Lares, 

and  the  limestone  and  volcanic  foothills  of  the  Tetas  de  Cerro  Gtordo 

and  Las  Sillas  de  Calderon,  in  the  southwestern  corner  of  the  island. 

The  data  thus  obtained  concerning  the  water  resources  of  this  newly 

acquired  portion  of  the  United  States  are  believed  to  be  of  sufficient 

importance  to'warrant  early  publication  in  this  series  of  papers. 

Very  respectfully,  F.  H.  Newell, 

Hydrograplier  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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WATER  RESOURCES  OF  PUERTO  RICO. 


By  Herbert  M.  Wilson. 


TOPOGRAPHIC   RELIEF. 

Puerto  Rico,  as  shown  on  the  map  (PI.  I),  is  situated  between  lati- 
tudes 17^  54'  and  18°  30'  north  and  longitudes  65°  13'  and  67°  15'  west, 
thus  lying  well  within  the  Torrid  Zone.  It  is  the  easternmost  as 
well  as  the  sonthemmost  of  the  Greater  Antilles,  though  still  farther 
to  the  east  are  the  lesser  of  the  West  Indian  islands  belonging  to  the 
Windward  Group.  The  shores  are  washed  on  the  north  by  the  waters 
of  the  Atlantic  Ocean,  on  the  south  and  east  by  those  of  the  Carib- 
bean Sea,  and  on  the  west  by  Mona  Passage,  which  separates  the 
island  from  Haiti.  According  to  the  best  information  obtainable 
from  measurement  of  existing  maps,  the  area  of  Puerto  Rico,  exclu- 
sive of  the  dependent  islands — chief  among  which  are  Mona  on  the 
west  and  Viequas  and  Culebra  on  the  east — ^is  3,670  square  miles.  Its 
area  is  thus  one- fourth,  or  1,200  miles,  less  than  that  of  the  State  of 
Connecticut,  and  is  nearly  three  times  as  great  as  the  area  of  Long 
Island.  Its  average  width  is  35  miles,  or  twice  the  width  of  Long 
Island,  while  its  average  length  is  105  miles,  or  about  the  same  as  that 
of  Long  Island.  Fourth  of  the  Greater  Antilles  in  size,  it  is  roughly 
rectangular  in  form,  its  major  axis  lying  almost  exactly  east  and  west. 

The  essential  topographic  characteristic  of  Puerto  Rico  is  its  exceed- 
ingly mountainous  and  highly  eroded  aspect,  in  spite  of  which  none 
of  its  summits  attain  great  altitude.  The  island  is  also  notable  for 
the  abruptness  with  which  the  foothills  of  the  mountain  slopes  plunge 
into  the  ocean,  leaving  practically  no  marginal  coast  plain,  and  for 
the  variety  in  topographic  form,  resulting  from  great  diffei^ences  of 
erosive  action  at  either  extremity  of  the  island  and  from  changes  in 
geologic  structure.  Extending  irregularly  through  the  entire  length 
of  the  island  from  the  extreme  northeastern  point,  at  Cabeza  de  San 
Juan,  to  the  extreme  western  points,  near  Rincon  and  Cabo  Rojo,  is  a 
series  of  connected  mountain  ranges  forming  the  main  divide  between 

the  draini^e  of  the  north  and  south  coasts.     At  the  eastern  end  of 
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this  island  the  most  commanding  range,  the  Sierra  de  Luquilla,  ter- 
minates near  its  eastern  extremity  in  the  highest  peak  on  the  island, 
El  Yunque,  the  elevation  of  which  is  given  by  Spanish  authorities  as 
1,520  meters,  or  approximately  4,940  feet.  This  appears  to  be  an 
error,  since,  according  to  an  aneroid  reading  by  Mr.  A.  Hansard,  its 
height  is  about  3,250  feet,  while  the  maps  of  the  United  States  War 
Department  and  charts  of  the  United  States  Hydrographic  Office  and 
of  the  United  States  Coast  and  Geodetic  Survey  gi^^e  its  altitude  as 
between  3,610  and  3,790  feet.  Which  of  these  elevations  is  most 
nearly  correct  it  is  at  present  difficult  to  ascertain.    A  north-south  cross 
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Fig.  1.— Section  north  and  south  throngrh  El  Yanqne. 

section  through  El  Yunque  (fig.  1)  gives  some  idea  of  the  abruptness 
of  the  fall  to  the  north,  and  is  in  striking  contrast  to  the  cross  sections 
taken  elsewhere  on  the  island  (figs.  2  and  3),  which  show  the  steepest 
slopes  to  the  south. 

A  southern  spur  of  the  Luquillas  connects  this  mountain  range  with 
the  northeastern  spur  of  the  Sierra  de  Cayey  in  a  low  divide  but  5 
miles  from  the  coast,  near  Humacao;  thence  the  Sierra  de  Cayey 
extends  westward  to  Aibonito  Pass  with  comparatively  uniform  eleva- 
tions between  2,200  feet  in  the  lowest  divides  and  3,200  feet  on  the 
highest  summits,  none  of  which  are  especially  pronounced.  This  por- 
tion of  the  main  range  of  mountains  skirts  the  eastern  and  southern 
coasts  very  closely,  so  that  the  greater  portion  of  the  drainage  of  the 
eastern  third  of  the  island  is  to  the  north,  the  southern  and  eastern 
coasts  receiving  the  drainage  from  a  narrow  belt  of  country  but  5  to 
10  miles  in  width.  The  length  of  the  drainage  to  the  north,  measured 
in  an  air  line,  is  from  25  to  30  miles. 

At  Aibonito  the  military  road  from  San  Juan  to  Ponce  passes  through 
the  lowest  divide  in  the  central  range  of  mountains,  the  elevation  of 
this  being  approximately  1,840  feet  above  sea  level.  As  a  result  of 
the  closeness  with  which  these  mountains  skirt  the  eastern  and  south- 
ern coasts,  they  suddenly  fall  off  in  a  distance  of  but  2  to  3  miles  hori- 
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zontally  from  altitudes  of  2,500  to  3,000  feet  to  the  back  coast  border, 
at  elevations  of  200  to  300  feet.  The  abruptness  of  the  escarpment  to 
the  south  and  east  can  thus  be  realized,  and  is  illustrated  by  a  north- 
sonth  cross  section  (fig.  2)  constructed  through  Guayama  and  San 
Juan.  This  cross  section  also  shows  that  the  fall  to  the  north,  while 
not  so  great,  is  still  quite  abrupt,  reaching  the  elevated  basin  about 
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B*io.  2.— Section  north  and  south  through  San  Jnan. 

Cayey  at  an  altitude  of  1,200  feet,  and  is  thence  more  gradual  through 
the  rolling  country  drained  by  the  Rios  Loiza  and  Gnayanabo,  in  the 
neighborhood  of  Caguas,  Aguas  Buenas,  and  Comeiro. 

To  the  west  of  Aibonito  the  main  dividing  range  rises  sharply  in  a 
broader  and  more  strongly  maintained  sierra,  which  has  here  the  name 
Cordillera  Central.  The  passes  through  the  Cordillera  attain  altitudes 
of  2,500  to  2,800  feet,  but  upon  it  there  are  no  marked  x>eaks,  the 
highest  summit  scarcely  reaching  3,300  feet  in  altitude.  The  Cordil- 
lera Central  is  interrupted  to  the  north  of  Ponce  in  a  pass  2,320  feet 
in  altitude,  leading  to  Adjuntas,  at  the  head  waters  of  the  Bios  Portu- 
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Fro.  8.— Section  north  and  sonth  through  Ponoe. 

gaes  and  Arecibo.  A  cross  section  of  Puerto  Rico  from  Ponce  to 
Arecibo  (fig.  3)  does  not  differ  materially  from  that  between  Guayama 
and  San  Juan,  the  chief  points  of  difference  being  that  the  slopes  to 
the  south  do  not  fall  away  quite  so  abruptly  as  farther  east,  while  to 
the  north  the  slope  is  decided^  more  gi*adual  than  in  the  neighbor- 
hood of  Caguas. 
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West  of  Adjantas  the  sierra  rises  abruptly  to  £1  Gailarte,  altitude 
3,608  feet,  which  is  the  second  mountain  on  the  island  in  height. 
Here  the  character  of  the  main  dividing  mountain  range  is  abruptly 
changed.  A  number  of  rugged  spurs  branch  northwestward  toward 
Lares  and  Las  Marias,  westward  toward  Hormigueros,  and  southwest- 
ward  toward  San  German.  These  spurs  have  not  the  continuity  of 
the  main  mountain  range  from  which  they  spring,  but  are  broken  up 
into  a  number  of  irregular  ridges  and  peaks  of  extremely  rugged 
aspect. 

The  series  of  controlling  mountain  ranges  as  sketched  above  are  of 
the  same  geologic  time  and  origin;  aU  are  of  mixed  volcanic  and  sedi- 
mentary origin,  consisting  chiefly  of  homblende-andesites,  gneiss,  and 
tuff,  embedded  in  which,  but  found  at  altitudes  generally  below  2,000 
feet,  is  a  compact  blue  limestone  of  Cretaceous  time. 

Abutting  against  the  foothills  of  these  commanding  sierras,  and 
forming  secondary  topographic  features  of  striking  imi)ortance,  are  a 
number  of  varied  forms  found  at  different  portions  of  the  island  and 
owing  their  shape  and  mode  of  weathering  to  their  geologic  origin. 
On  the  north  coast,  between  Arecibo,  San  Juan,  and  Fajardo,  the 
main  summits  fall  away  rather  abruptly  to  elevations  of  between 
1,000  and  1,500  feet;  they  then  continue  as  radial  spurs,  sloping 
gently  to  the  northward  and  interrupted  by  numerous  undulations, 
culminating  often  in  peaks  of  considerable  altitude  and  prominence. 

These  are  separated  by  the  principal  rivers  draining  the  interior, 
which  flow  generally  to  the  north,  but  are  deeply  indented  in  the 
surface  of  the  country.  Thus  within  5  or  6  miles  to  the  north  of  the 
main  summits  the  river  bottoms  are  at  altitudes  of  about  1,000  feet, 
while  the  summits  of  the  ridges  above  are  at  elevations  of  2,000  to 
2,500  feet.  Again,  within  5  miles  of  the  coast,  the  river  beds  are  at 
elevations  of  50  to  100  feet  above  sea  level,  while  the  summits  of  the 
dividing  ridges  reach  altitudes  of  1,000  to  1,500  feet.  These  dividing 
ridges  are  often  maintained  to  the  ocean  shore,  are  high,  narrow,  and 
A-shaped,  and  are  separated  one  from  the  other  by  deep  V-shaped 
valleys  eroded  by  numerous  streams  flowing  in  every  direction 
throughout  the  interior  of  the  island. 

COASTAL  TOPOGRAPHY. 

The  topography  of  the  coast  border  consists  of  narrow  marginal 
plains  extending  here  and  there  up  the  river  valleys  for  from  3  to  5 
miles.  These  flat  coast  lands  are  called  playas,  and  their  continuity 
is  broken  on  the  northeast,  southeast,  and  northwest  by  spurs  of  the 
main  mountain  mass  which  plunge  directly  into  the  ocean.  These 
encircling  plains  and  playas  are,  moreover,  irregularly  broken  by  low 
coast  hills.  On  the  south  these  are  all  of  limestone  and  are  200  to  400 
feet  in  height;  on  the  north  they  ai'e  a  series  of  old  coral  reefs  eroded 
into  detached  hills  of  50  to  150  feet  in  height.     Thus  the  coast  topog- 
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raphy  may  be  divided  into  three  tyx>e8,  distinct  from  the  central 
monntain  mass,  consisting  of  (1)  the  playas  or  plains;  (2)  coast  hills 
and  parting  valleys,  which  separate  the  latter  from  the  foothill  spnrs 
of  the  central  mountains;  and  (3)  a  highly  eroded  coral  plateau,  an 
intermediate  topographic  type  beween  the  sierras  and  the  coast  topog- 
i-aphy,  found  in  the  northwest  portion  of  the  island  between  Arecibo, 
Lares,  and  Isabela.  The  ascent  to  this  latter  from  the  west  in  the 
neighborhood  of  Aguadilla  is  abrupt  and  the  surface  of  the  plateau  is 
gently  rolling.  This  is  cut  by  the  more  important  streams,  which  have 
eroded  abrupt  canyon  walls  150  to  200  feet  in  height.  To  the  south 
this  is  topi)ed  by  a  higher  series  of  sugar-loaf  shaped  buttes  of  coral, 
the  summit  elevation  of  which  is  about  1,200  feet. 

Still  another  topographic  type^  distinctive  only  in  that  it  is  an  exag- 
geration of  the  limestone  hills  and  parting  valleys  found  elsewhere,  is 
that  between  Mayaguez,  Cabo  Rojo,  and  Ponce,  in  the  southwestern 
comer  of  the  island.  Here  the  sea  is  bordered  by  a  low  ledge  of  coral, 
capped  by  a  heavy  stratum  of  hard  limestone.    This  is  tilted  upward 


Fio.  4.— Cordillera  Central,  parting  valley,  coast  limestone  hills,  and  playa  at  Ponce. 

SO  as  to  rise  from  the  southwest  toward  the  center  of  the  island,  and  is 
separated  from  the  main  sierra  by  two  long  and  fertile  parting  valleys. 
Elsewhere  on  the  island,  and  especially  well  developed  from  Ponce 
eastward  to  beyond  Guayama,  the  low  coast  hills  of  limestone  have 
their  east- west  continuity  broken  by  the  playas  at  the  stream  mouths. 
They  are  also  separated  from  the  main  sierra  by  short,  narrow  parting 
valleys,  eroded  by  branches  of  the  streams  which  drain  the  main  sum- 
mits (fig.  4).  Some  of  these  hills  terminate  abruptly  at  the  sea  in 
bluffs  100  feet  in  height,  while  the  parting  valleys  which  border  them 
on  the  north  have  elevations  of  100  to  200  feet,  their  summits  reaching 
altitudes  of  600  to  1,000  feet. 

PHYSIOGRAPHY  AND  SCENBRY. 

In  order  that  the  topographic  forms  of  the  island  may  be  more  clearly 
comprehended,  the  following  detailed  description  is  given  of  some  of 
the  more  striking  surface  characteristics  along  -the  route  traveled. 
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The  country  traversed — ^by  railway  eastward  from  San  Juan  as  far  as 
Carolina,  and  thence  by  military  road  to  Rio  Grande — is  typical  of  the 
larger  playas  reaching  from  the  sea  margin  to  the  back  coast  border. 
This  is  a  comparatively  flat  alluvial  plain  (see  PL  II,  A)  about  the 
mouth  of  the  Rio  Loiza  and  its  branches.  It  has  been  built  up  largely 
through  the  aid  of  mangrove  growth,  which  has  encroached  upon  the 
sea  and  retained  the  alluvium  brought  down  by  the  streams.  Between 
Rio  Piedras  and  Carolina  this  alluvial  plain  is  5  miles  in  width  from 
the  seashore.  Its  greatest  width,  near  the  mouth  of  the  river  opposite 
the  town  of  Loiza,  is  9  miles.  In  the  total  air-line  distance  of  20  miles 
from  near  San  Juan  to  beyond  Rio  Grande  this  plain  is  cut  by  three 
large  lagoons,  and  the  area  of  this  magnificent  stretch  of  agricultural 
land  is  about  100  square  miles.  The  whole  is  well  cultivated  in  a  rich 
forage  grass,  called  '^Guinea  grass,"  and  in  sugar  cane. 

To  the  south  of  the  edge  of  this  playa  the  hills  rise  rapidly  in  broken 
spurs,  which  radiate  from  the  summit  of  the  Sierra  de  Luquilla.  This 
playa  land  is,  moreover,  not  an  unbroken  plain.  It  is  comparatively 
level,  however,  rising  from  a  few  feet  to  about  60  to  75  feet  above  sea 
level.  The  apparently  dead  level  of  this  playa  is  interrupted  by  occa 
sional  low,  bluff-topped  hills  of  coral  rock  (see  PI.  11,  B),  which  have 
not  been  entirely  eroded  away. 

A  journey  southward  from  Canovanas,  up  the  river  of  that  name  to 
the  summit  of  the  Sierra  de  Luquilla,  brings  one  immediately  into  the 
roughest  of  the  highly  eroded  and  rugged  mountains  which  are  so 
characteristic  of  the  island.  Cart  roads  extend  up  this  river,  as  well 
as  up  all  the  other  more  level  streams,  until  the  diminished  width  of 
the  gorge  through"  which  it  flows  and  the  roughness  of  the  country 
cause  them  to  be  superseded  by  trails.  The  river  flows  over  a  rough, 
rocky  bed  and  between  steep  slopes  (see  PL  11,  (7),  which  are  thickly 
covered  with  natural  and  cultivated  vegetation.  The  cart  road  and 
the  trail  ford  the  river  fifteen  or  twenty  times  in  a  distance  of  about 
6  miles,  due  to  the  sharp  curves  of  the  stream  between  the  confin- 
ing mountain  slopes.  At  the  end  of  that  distance,  at  an  elevation  of 
about  250  feet,  the  gorge  has  become  so  narrowed  that  the  trail  leaves 
it  and  climbs  abruptly,  in  2  or  3  miles,  to  an  altitude  of  1,350  feet.  In 
all  directions  branch  trails  lead  up  the  steepest  slopes  to  the  habita- 
tions of  the  peasants,  who  are  everywhere  engaged  in  the  cultivation 
of  the  various  crops  which  thrive  best  in  each  particular  locality.  (See 
PL  II,  D.) 

The  military  road  from  San  Juan  to  Caguas  passes  through  a  hilly 
depression,  between  the  western  terminus  of  the  Sierra  de  Luquilla  and 
the  northern  spurs  of  the  Cordillera  Central.  The  divide  between  the 
drainage  basins  of  the  Rios  Loiza  and  Bayamon  is  crossed  at  an 
altitude  of  but  375  feet.  At  Caguas  a  broad  mountain  valley  on 
the  head  waters  of  the  various  branches  of  the  Rio  Loiza  is  entered  at 
an  altitude  of  230  feet.     The  slopes  in  every  direction  are  not  abrupt; 
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their  altitudes  are  not  great,  and  all  are  well  cultivated.  The  road 
southward  to  Cayey  remains  in  the  general  depression  at  the  head 
waters  of  the  Rios  Loiza  and  Plata,  and  is  surrounded  on  the  east 
and  south  by  much  higher  and  more  rugged  mountains,  which  slope 
upward  to  the  summits  of  the  main  divide.  To  the  northeast  are 
numerous  highly  eroded  ridges  and  peaks,  the  northward  radial 
spurs  of  the  Sierra  de  Cayey  and  of  the  Cordillera  Central.  Las  Cruces, 
the  highest  pass  between  the  head  waters  of  the  Rios  Loiza  and 
Plata,  is  crossed  at  an  altitude  of  1,310  feet.  (See PI.  Ill,  A,)  Imme- 
diately thereafter  the  road  descends  abruptly  to  the  "  vegas,"  or  plain, 
between  altitudes  1,080  and  810  feet,  extending  for  about  6  miles  to 
and  beyond  Cayey.  The  valley  about  that  city  is  gently  rolling,  the 
country  sloping  away  rather  abruptly  to  the  Rio  Plata  on  the  north, 
whence  it  rises  rapidly  to  the  higher  summits  of  the  northward  radial 
spurs.  To  the  south  the  summits  of  the  main  divides  are  nearly  2,000 
feet  directly  over  the  valleys.  Abrupt  as  are  the  slopes  all  are  heavily 
covered  with  soil  and  vegetation. 

Beyond  Cayey  the  road  climbs  rapidly  to  the  main  divide  between 
the  drainage  areas  tributary  to  the  north  and  south  coast.  (See  PI.  IV, 
A.)  This  divide  is  crossed  within  2  miles  of  Aibonito  at  an  altitude  of 
1,860  feet.  Thence  there  is  a  gradual  descent  of  but  100  feet  to  the 
rolling  tableland  about  Aibonito,  beyond  which  at  an  equal  distance 
iH  a  second  summit  with  an  altitude  of  1 ,810  feet.  The  summits  of 
the  main  sierra,  as  seen  from  the  Aibonito  uplands,  have  everywhere 
the  same  highly  eroded  forms,  irregularly  shaped  mountain  ridges, 
long  spurs,  and  isolated  peaks,  jutting  out  in  every  direction  to  alti- 
tudes of  500  to  1,000  feet  above  the  rolling  upland  on  which  their  bases 
rest  at  elevations  of  1,700  to  2,000  feet. 

Beyond  the  second  summit  at  Aibonito  Pass  the  road  descends  with 
great  abruptness  in  but  6  miles,  as  measured  along  its  meanderings, 
and  only  2  miles  in  an  air  line,  for  1,400  feet,  to  an  altitude  420  feet. 
Here  is  some  of  the  most  magnificent  mountain  scenery.  (See  PI.  V, 
A,)  The  character  of  the  topography,  as  well  as  of  the  flora,  changes 
entirely  as  the  semihumid  side  of  the  island  is  approached.  The 
brilliant  green  here  disappears  from  the  vegetation,  the  damp  moss 
and  fem-covered  slox)es  are  gone,  and  all  is  covered  with  short,  dry 
grass  (see  PL  VI),  not  unlike  the  bunch  and  buffalo  grass  of  the 
West,  with  acacias  and  with  other  arid  flora.  At  the  same  time  the 
topographic  forms  do  not  exhibit  the  same  high  degree  of  erosion. 
Though  exceedingly  abrupt,  the  mountain  slopes  are  more  uniform 
and  less  intensely  cut  into  separate  spurs  and  i)eaks.  The  depth  of  the 
soil  is  much  less  than  on  the  northern  slopes,  and  rocky  ledges  and 
bluffs  occasionally  protrude. 

The  whole  of  the  region  from  San  Juan  to  Aibonito  is  picturesque 
in  the  extreme,  and  has  an  exceedingly  pastoral  and  peaceful  aspect. 
Caguas  Valley  is  ideally  beautiful.  It  is  almost  circular,  about  3  by 
IBB  32 2 
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4  miles  in  dimension,  and  through  it  winds  in  great  serpentine  curves 
the  Rios  Caguitas  and  Turabo.  The  former  makes  a  long  coil  about 
El  MontCj  a  lone  hill  300  feet  in  height  which  occupies  the  center 
of  the  valley.  (See  PI.  IV,  B,)  Among  the  higher  summits  about 
Aibonito  the  country  still  has  the  same  picturesque  aspect,  the  same 
pleasantly  pastoral  appearance,  accentuated  only  by  the  immensity 
of  the  8loi)es.  From  the  higher  summits  the  Atlantic  Ocean  is  in  plain 
view  to  the  north  and  the  Caribbean  Sea  to  the  south.  Every  detail 
of  topography  may  be  seen  for  miles  in  all  directions,  as  though  one 
were  viewing  a  model  map. 

Beyond  Cayey  and  thence  to  Coamo  the  great  mountain  masses  rise 
to  such  sheer  heights  or  descend  so  abruptly  to  the  bottoms  of  great 
gorges  as  to  be  imposing  in  the  extreme.  Between  Coamo,  Juana  Diaz, 
and  Ponce  the  aspect  of  the  country  is  entirely  dissimilar  to  that  seen 
elsewhere  on  the  route.  The  military  road  skirts  the  southern  slopes 
of  the  Cordillera  Central  and  remains  at  a  fairly  constant  distance  of  5 
miles  back  of  the  coast.  It  crosses  six  of  the  more  iknportant  rivers 
which  drain  the  southern  slopes  (see  PL  III,  B),  yet  at  no  place  does 
it  attain  an  altitude  greater  than  250  feet  above  sea  level,  nor  at  the 
sti*eam  crossings  is  it  less  than  100  feet  above  sea  level. 

To  the  north  the  masses  of  the  main  sierra  rise  abruptly  in  great 
jagged  spurs,  with  fairly  uniform  slopes.  In  all  other  directions  the 
country  is  a  rolling  plain,  broken  by  numerous  ridges  and  detached 
hills.  (See  PI.  VI.)  These  are  separat.ed  by  small  and  level  parting 
valleys,  relatively  broad  and  all  under  cultivation,  chiefly  in  sugar 
cane.  (See  PI.  X,  (7.)  The  entire  south  coast  is  1  to  7  miles  in  width, 
averaging  about  5  miles,  and  from  east  of  Guayama  to  a  little  west  of 
Ponce  is  of  this  same  general  character.  The  sea  is  bordered  by 
coral  reefs,  sometimes,  especially  near  the  river  mouths,  by  small 
playas,  and  back  of  these,  often  quite  close  to  the  coast,  rising  north- 
ward there  is  a  tilted  limestone  table-land.  This  is  eroded  into 
detached  hills  and  ridges  both  by  the  north-south  primary  drainage 
and  by  the  east- west  lateral  drainage  which  forms  the  parting  vaUeys. 
There  is  thus  seen  to  be  a  large  area  of  excellent  agricultural  land 
aloi)g  the  coast,  but  this  is  generally  so  arid  as  to  require  irrigation  for 
the  cultivation  of  such  thirsty  crops  as  sugar  cane.  Small  fruits  and 
vegetables  are  grown  without  irrigation  and  all  the  hills  are  covered 
with  forage  grass.  The  mountain  slopes  on  this  side,  however,  are 
not  nearly  so  extensively  cultivat-ed  as  on  the  north  side.  In  addition 
to  the  disadvantage  of  unfavorable  soil  and  insufficient  precipitation, 
comparatively  little  foothold  is  given  to  vegetation  on  their  steep 
s^'des. 

On  the  road  from  Ponce  to  Adjuntas,  which  ascends  first  the  gen- 
eral course  of  the  Rio  Magueyes  and  near  the  summit  crosses  to  the 
head  waters  of  the  Rio  Portugues,  one  has  an  almost  south-north  cross 
section  of  the  sierras,  as  compared  with  the  diagonal  section  viewed 
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in  traveling  south  westward  f  itrni  Aibonito  to  Ponce.  The  topographic 
characteristics  are  identical  with  those  seen,  however,  on  the  latter 
route.  Four  miles  to  the  north  of  Ponce  the  elevation  is  but  50  feet. 
The  way  climbs  for  the  next  3  or  4  miles  through  sloping  foothills  to 
an  altitude  of  400  feet.  Thereafter,  in  2  miles  horizontally,  the  ascent 
to  the  main  ridge  dividing  the  two  rivers  is  to  an  altitude  of  1,720  feet. 
With  equal  abruptness  the  main  summit  (see  PI.  IV,  D)  is  reached 
about  15  miles  from  Ponce,  at  an  altitude  of  2,320  feet. 

Adjuntas  is  on  the  northern  slope  and  on  the  head  waters  of  the 
Rio  Arecibo.  About  it  the  topographic  characteristics  are  in  all 
respects  similar  to  those  observed  at  Aibonito.  But  a  few  miles  to 
the  southwest  rises  El  Guilarte;  to  the  north  are  seen  long  radial  spurs 
of  the  main  sierra,  which  are  separated  at  Utuado  by  the  valley  of  the 
Arecibo;  northwestward  another  long  spur  extends' to  and  beyond 
Lares  and  San  Sebastian  to  the  western  sea  at  Aguadilla.  This  sepa- 
rates the  head  waters  of  the  various  rivers  which  empty  into  the  nor^ih- 
ern  ocean  between  Arecibo  and  Aguadilla  and  the  drainage  of  the 
Rios  Culebrina  and  P^ieto,  which  flow  into  the  western  sea  at  Agua- 
dilla and  Ai!asco,  respectively.  The  spur  which  extends  to  the  south- 
west, and  on  which  are  El  Guilarte,  Las  Sillas  de  Calderon,  Tetas  de 
Cerro  Gordo,  and  other  prominent  peaks,  separates  the  waters  of  the 
Rios  Prieto  and  Blanco  from  those  of  the  Rio  Guanajibo. 

It  is  thus  seen  that  the  neighborhood  of  Adjuntas  is,  as  the  name 
implies,  the  dividing  i)oint  of  the  main  sierra,  which  has  extended 
with  unbroken  crest  from  its  easternmost  summit  at  El  Yunque.  At 
this  point  it  is  separated  into  a  number  of  spurs  of  almost  equal 
prominence,  which  reach  the  western  coast  with  several  ramifications, 
the  most  prominent  of  which  is  necessarily  that  containing  the  group 
of  summits  above  named. 

The  various  trails  leading  westward  from  Adjuntas  toward  Las 
Marias  and  Lares  follow  the  head  waters  of  the  Rio  Blanco  or  Rio 
Prieto  for  a  short  distance.  Thence  they  climb  to  altitudes  of  about 
2,000  feet  at  the  summits  of  the  divide  separating  the  various  drain- 
age lines.  These  divides  are  high  A-shaped  ridges,  separated  by  great 
V-shaped  canyons  with  relatively  smooth  slopes  1,000  feet  in  depth, 
all  well  covered  with  vegetation.  Everywhere  throughout  this  region, 
on  the  highest  summits  and  in  tYie  bottoms  of  the  most  profound 
gorges,  are  found  the  habitations  of  the  peasantry,  who  gain  a  com- 
fortable living  from  the  cultivation  of  coffee  and  of  fruits  and  vege- 
tables. 

From  the  summit  above  Lares  (PI.  VII,  A)^  the  altitude  of  which 
is  2,000  feet  and  which  is  called  La  Torre,  a  magnificent  view  is  had 
of  the  surrounding  landscape.  To  the  east,  vsouth,  and  southwest  are 
great  masses  of  the  most  rugged  mountain  forms.  In  the  first  direc- 
tion the  high  and  serrated  northward  spurs  of  the  Cordillera  Central 
form  the  horizon  line.     To  the  south  one  looks  across  the  gorge  of  the 
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Rio  Blaaco,  1,500  feet  !q  depth  and  bat  a  mile  distant,  whence  the 
eye  climbs  a  space  of  but  a  few  miles  to  the  highest  summits  of  El 
Ouilarte  and  Las  Sillas  de  Calderon.  To  the  north  and  northwest  the 
country  slopes  sway  to  the  point,  apparently  but  a  few  miles  distant, 
where  the  sea  and  sky  meet  in  a  dull  gray  line.  The  topographic 
aspects  in  this  direction  are  entirely  different  from  anything  hereto- 
fore seen.  The  immediate  foreground  slopes  away  gradually  to  an 
altitude  of  about  1,000  feet  in  the  neighborhood  of  Lares,  beyond  whicli, 
extending  from  the  north  through  80°  toward  the  west,  is  a  long 
line  of  sugar-loaf  shaped  coral  hills  (see  fig.  5).  These  are  but  250  to 
350  feet  in  height,  their  summits  reaching  altitudes  of  about  1,200 
feet.  Some  are  covered  with  smooth  green .  slopes  and  others  have 
their  surfaces  broken  by  steep  bluff  ledges  of  coral.  These  "  Pilon- 
cilloa"  or  "Farallones,"  as  the  Spanish-American  calls  them,  have 
the  general  appearance  of  a  great  group  of  conical-shaped  Sibley 
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tents  and  in  this  locality  go  under  the  general  name  of  "  Pepiuo  hills," 
though  similar  topographic  features  in  other  portions  of  the  West 
Indies  are  called  by  the  English  "cockpits." 

Between  Lares  and  San  Sebastian  the  country  is  generally  similar 
in  topographic  aspects  to  the  region  north  of  Cayey  and  Caguas  toward 
San  Juan.  San  Sebastian  is  at  an  elevation  of  270  feet.  Prom  it  fall 
away  toward  the  west  the  gorges  of  the  various  rivers  which  drain 
that  slope,  and  these  are  separated  by  high  ridges  having  altitudes  of 
but  500  to  800  feet,  rising,  however,  to  altitades  of  nearly  1,000  feet 
as  they  approach  the  ocean.  North  of  ASaseo  a  high  and  serrated 
ridge  maintains  its  bulk  to  the  very  margin  of  the  sea,  into  which  it  I 
pinngeswith  abrupt  slopes.  The  same  is  true  of  the  ridges  which  I 
approach  the  ocean  to  the  north  of  Agnadilla,  and  in  less  degree  of 
those  north  and  south  of  Mayaguez.  At  the  mouths  of  the  principal 
rivers  in  the  neighborhood  of  Agnadilla,  Ailasco,  and  Uormigueros 
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are  extensive  alluvial  playas  similar  to  those  already  described,  and 
highly  cultivated  in  sugar  cane. 

The  country  traversed  by  the  main  highway  from  Mayaguez  via 
San  German  and  Yauco  to  Ponce  has  already  been  generally  described 
as  differing  essentially  in  topographic  characteristics  from  any  of  the 
other  portions  of  the  island  passed  over.  The  road  skirts  the  south- 
western slopes  of  the  main  sierra.  Between  it  and  the  sea,  distant  in 
some  places  as  much  as  8  to  10  miles,  are  a  series  of  low,  rolling  lime- 
stone hills  tilted  upward  toward  the  interior  and  separated  by  two 
extensive  parting  valleys.  The  erosive  action  which  has  produced 
the  long  valleys  marking  the  junction  line  between  the  foothills  which 
parallel  the  main  mountains  promises,  according  to  Mr.  R.  T.  Hill,  to 
reduce  these  valleys  to  sea  level  in  the  near  geologic  future,  and  thus 
to  cut  off  from  Puerto  Rico  a  small  island  including  the  country  round 
about  Cabo  Rojo  and  Lajas. 

From  Mayaguez,  through  Hormigueros  and  San  German,  to  Sabana 
Grande  is  a  great  valley,  through  which  flows  the  Rio  Guana jibo.  It 
is  this  which  separates  the  main  summits  from  the  rolling  foothills  to 
the  south,  which  are  hereby  dignified  by  the  collective  name  of  Cerro 
Gordo.  Between  Sabana  Grande  and  Yauca  is  a  low  divide  con- 
necting the  Cerro  Gordo  with  the  main  sierra  and  separating  the 
greater  valley  from  a  similar  but  smaller  valley,  which  includes  the 
lagoon  of  Guanica  and  extends  from  Guayanilla  and  Yauco  to  the 
port  of  Cabo  Rojo.  (PI.  VIII,  A.)  Still  south  of  the  valley  and  sep- 
arating it  from  the  Caribbean  Sea  is  a  second  well-defined  ridge  of 
low  limestone  and  coral  hills. 

CLIMATOLOGY. 

Situated  as  the  island  is,  with  a  middle  latitude  of  about  18°  15'  N., 
which  is  well  within  the  torrid  zone,  it  is  seen  to  be  -in  the  same 
approximate  latitude  as  the  City  of  Mexico,  the  Hawaiian  Islands,  the 
Sahara  Desert,  and  Bombay,  India.  Because  it  is  the  easternmost  of 
the  Great  Antilles,  however,  its  climate  is  so  tempered  by  the  trade 
winds  as  to  render  it  more  moist  and  salubrious  than  that  of  any  of 
the  regions  named,  with  the  possible  exception  of  the  Hawaiian 
Islands. 

To  the  trade  winds  primarily,  and  to  the  influence  upon  them  of 
the  high  mountain  summits  in  the  interior  of  the  island,  are  to  be 
ascribed  the  moderate  temperature  and  the  peculiar  distribution  of 
precipitation  which  characterize  this  island.  Though  smaller  in  area 
by  1,000  square  miles  than  the  State  of  Connecticut,  its  extremes  are 
subject  to  as  great  difference  in  rainfall,  both  in  amount  and  occur- 
rence, as  are  the  extremes  of  the  United  States.  The  trade  winds 
blow  with  unceasing  regularity  throughout  the  year,  though  not  with 
such  force  as  to  be  disagreeable.  Their  pressure  is  felt  as  wind  move- 
ment but  a  short  distance  from  the  northern  and  eastern  coasts,  yet 
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their  influence  is  exerted  throughout  the  island,  most  perceptibly  to 
the  east  and  north  of  the  mountain  summits  which  form  the  water- 
shed between  the  Atlantic  Ocean  and  the  Caribbean  Sea.  Their 
strength  and  persistence  is  witnessed  in  the  shape  of  the  trees  on  the 
north  or  windward  coast  (see  PI.  V,  B),  where  the  trees  are  bent 
southwestward  or  away  from  the  prevailing  winds  much  as  those  on 
the  southern  coast  of  California  bend  eastward  or  landward  away  from 
the  prevailing  Pacific  winds. 

Heavily  moisture  laden  from  the  warm  ocean,  the  trade  winds  press 
against  the  mountains,  which  quicklj'^  condense  the  moisture  they  bear, 
and  heavy  showers  of  sudden  occurrence  but  short  duration  result. 
Southward  and  westward  the  same  winds  continue  to  cause  even  more 
abundant  precipitation  at  the  sierra,  summits  near  the  center  of  the 
island.  Crossing  these  the  winds  are  suddenly  freed  and  expand, 
and  being  thus  given  power  to  carry  in  suspension  a  larger  amount 
of  moisture,  they  let  fall  but  little  rain  over  the  southern  and  western 
slopes. 

PRECIPITATION. 

The  above  conditions  are  clearly  recorded  in  such  meteorologic  data 
as  has  been  collected  by  Prof.  Mark  W.  Harrington,  of  the  United  States 
"Weather  Bureau,  from  existing  Spanish  records.  According  to  a  bul- 
letin issued  by  the  Weather  Bureau,  records  for  a  period  of  twelve 
years  show  the  average  annual  precipitation  in  San  Juan  to  be  59.5 
inches.  This  is  fairly  well  distributed  throughout  the  year,  the  great- 
est monthly  mean  (7. 62  inches)  occurring  in  November,  but  that  amount 
is  closely  approached  during  the  entire  rainy  season  from  April  to 
November,  inclusive.  During  the  remainder  of  the  year,  in  the 
so-CAlled  dry  season,  the  mean  monthly  precipitation  falls  to  a  mini- 
mum of  1.8  inches  in  February.  The  persistence  of  rainfall  through- 
out the  year  Is  still  further  accentuated  by  the  fact  that  the  least  pre- 
cipitation recorded  at  San  Juan  in  any  month  was  0.3  of  an  inch  in 
March  of  one  year,  while  the  greatest  was  17. 1  inches  in  August  of 
another  year. 

While  these  figures  give  an  indication  of  the  range  of  precipitation 
in  the  neighborhood  of  San  Juan  and  near  the  north  coast,  they  form 
no  criterion  for  the  relative  amounts  falling  elsewhere  on  the  island. 
Records  of  observations  made  by  Capt.  Arthur  C.  Hansard  at  Haci- 
enda Perla,  published  by  the  Weather  Bureau,  indicate  quite  differ- 
ent conditions  there.  This  place  is  situated  on  the  northeast  coast, 
only  about  20  miles  east  of  San  Juan,  and  about  3  miles  from  the 
sea,  at  an  elevation  of  460  feet.  The  records  show  an  average  annual 
precipitation  of  123.4  inches  during  the  two  j^ears  1896  to  1898,  the 
maximum,  136.2  inches,  occurring  in  1897.  The  distribution  of  rain- 
fall was  similar  to  that  at  San  Juan,  the  minimum  monthly  precipita- 
tion being  2.5  inches  in  February  and  the  maximum  32.9  inches  in 
May.     During  this  period  the  greatest  consecutive  twenty-four-hour 


wiLsoN-l  I>RECIP1TATI0N.  23 

rainfall  was  8.4  inches  in  August.  In  this  period  there  averaged 
two  huiidi*ed  and  fifty  days  a  year  in  which  over  one-hundredth  of 
HD  inch  fell.  The  great  differences  in  precipitation  between  two  places 
so  close  together  is  partly  accounted  for  by  the  fact  that  Hacienda 
Perla  lies  under  the  northern  slope  of  El  Yunque,  the  highest  moun- 
tain on  the  island,  and  it  feels  therefore  more  strongly  the  effect  of 
the  compression  of  the  trade  winds  than  does  San  Juan,  which  is 
situated  on  the  coast,  and  behind  which  the  mountains  rise  more 
gradually  and  at  a  considerably  greater  distance  to  less  altitudes  than 
those  behind  Hacienda  Perla.  As  shown  by  the  accompanying  pro- 
xies (figs.  1,  2,  and  3),  the  highest  summits  back  of  San  Juan,  at  the 
headwaters  of  the  Rios  Plata  and  Loiza,  reach  altitudes  of  2,700 
feet  in  a  horizontal  distance  of  30  miles. 

Back  of  Hacienda  Perla  an  altitude  of  over  3,700  feet  is  attained  in 
less  than  3  miles  horizontally.  Farther  inland  to  the  south  and  west 
of  San  Juan,  under  the  summits  of  the  main  sierra  in  the  neighbor- 
hood of  Cayey,  Aibonito,  Barros,  and  Adjuntas,  the  precipitation  is 
considerably  greater  than  at  San  Juan,  though  not  nearly  so  great  as 
at  Hacienda  Perla.  This  is  because  these  points  are  at  a  much  higher 
elevation  and  are  nearer  the  mountain  crests  than  is  the  capital  city, 
and  feel  more  directly  their  effect  upon  the  trade  winds. 

Apparently  great  as  are  these  extremes  of  precipitation,  they  are 
small  as  compared  with  those  between  points  on  the  south  and  north 
coasts.  According  to  data  gleaned  from  Spanish  records,  it  appears 
that  the  average  annual  precipitation  on  the  southern  slope  of  Puerto 
Rico  is  but  20  inches,  against  55  to  123  inches  on  the  northern  slopes. 
This  amount,  however,  is  most  irregularly  distributed.  There  is  said 
to  be  an  authentic  record  at  Guayama,  Immediately  south  of  San 
Juan,  of  thirteen  months,  chiefly  in  the  year  1893,  when  not  an  inch 
of  rainfall  was  recorded.  The  records  at  Cabo  Rojo  show  one  period  of 
three  years  in  which  no  rain  fell. 

Such  great  changes  in  precipitation,  as  well  as  in  geologic  forma- 
tion and  soil  composition,  result  in  great  differences  in  the  flora  of 
the  two  coasts.  Puerto  Rico  may  be  said  to  have  a  humid  as  well  as 
an  arid  side.  This  is  evidenced  not  only  by  the  perpetual  muddiness 
of  the  roads  on  the  north  slope  as  compared  with  their  dry  and  dusty 
surfaces  on  the  south,  but  especially  by  the  vegetation  and  the  regi- 
men of  the  rivers. 

On  the  north,  nearer  the  mountain  summits,  the  flora  is  always 
bright  and  verdant  and  of  true  tropical  luxuriance  (see  PL  IV,  A),  and 
the  rivers  carry  large  volumes  of  water.  In  the  south,  especially  near 
the  southwestern  extremity  of  the  island,  the  trees  are  dwarfed  hard- 
woods; cacti,  century  plants,  and  acacias  abound,  and  the  vegetal  as 
well  as  the  topographic  characteristics  are  similar  to  those  of  the  semi- 
arid  Southwest  of  the  United  States.  (See  PI.  VIII,  J5.)  The  river 
beds,  moreover,  are  almost  dry  and  are  full  of  rocks  and  bowlders. 
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These  two  salient  facts,  the  diversity  of  climate  and  of  soil  com- 
position, must  be  kept  prominently  in  mind  in  any  consideration  of 
agricultural  or  water  resources  or  of  highway  construction.  They 
make  it  clearly  evident  that  any  generalizations  on  these  sulgects  for 
the  whole  island  are  valueless,  and,  small  as  is  the  area,  each  particular 
locality  must  be  considered  by  itself  in  discussing  the  development  of 
its  products.  It  is  scarcely  necessary  to  add  that  while  irrigation  is 
not  practiced  on  the  northern  side  of  Puerto  Rico,  all  the  wealth  of 
sugar  produced  on  the  semihumid  side  is  dependent  for  its  successful 
cultivation  on  water  supplied  by  irrigation. 

TEMPERATURE. 

The  temperature  is  very  evenly  distributed  in  height  and  range,  and 
is  in  marked  contrast  to  the  variations  in  precipitation.  It  need  not 
be  discussed  in  detail,  as  it  has  little  bearing  upon  problems  connected 
with  the  agricultural  resources,  the  development  of  irrigation,  or  the 
construction  of  highways.  It  is  chiefly  interesting  because  of  its  uni- 
formity and  the  resulting  healthfulness  of  the  climate.  The  highest 
recorded  temperature  was  that  of  100.8°  F.,  in  the  month  of  May,  and 
the  lowest  but  66.1°,  in  the  month  of  December.  Rarely,  indeed,  has 
a  temperature  lower  than  57°  been  recorded,  and  as  rarely  one  above 
97°.  The  average  annual  temperature  recorded  in  San  Juan  during 
twelve  years  was  78.1°,  the  lowest  mean  monthly  temperature  being 
74.7°  in  February  of  one  year  and  the  highest  mean  monthly  tem- 
perature 81.1°  in  June  of  another  year,  a  range  of  but  6.4°  in  extreme 
mean  monthly  temperatures. 

At  Hacienda  Perla  the  average  annual  temperature  is  76.9°,  or  but 
1°  lower  than  at  San  Juan.  At  the  same  place  the  maximum  recorded, 
95°,  is  lower  by  5°,  and  the  minimum  is  higher,  61°.  Elsewhere  in  the 
mountains  the  range  of  temperature  is  about  the  same.  On  the  south 
coast,  as  in  the  sierras,  there  are  no  authentic  records,  but  there 
appears  to  be  great  uniformity  of  temperature  everywhere  on  the 
island. 

HYDROGRAPHY. 

In  spite  of  the  smallness  of  the  island,  and  the  consequent  short 
length  of  its  rivers  and  restricted  areas  of  their  catchment  basins,  it 
is  unusually  well  watered,  because  of  the  comparative  humidity  of  the 
climate.  Moreover,  because  of  the  steepness  of  the  slopes,  especially 
on  the  northern  coast,  and  the  impervious  character  of  the  clay  soil 
which  covers  them,  the  proportion  of  precipitation  which  runs  off 
makes  these  rivers  of  even  larger  volume  than  would  otherwise  be 
expected  under  corresponding  conditions.  Into  the  northern  ocean 
flow  12  streams  of  considerable  magnitude ;  toward  the  west  coast  flow  4 
of  relatively  equal  size;  into  the  eastern  sea  flow  5  of  less  magnitude, 
and  into  the  southern  sea  flow  17  of  considerable  size  but  compara- 
tively small  perennial  volume.     In  addition,  there  are  between  1,200 
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and  1,300  streams  and  branches  of  less  volume,  but  yet  of  sufficient 
size  to  bear  separate  names. 

Since  the  average  width  of  the  island  is  but  35  miles  and  its  extreme 
length  but  105  miles,  while  its  commanding  summits  range  in  altitude 
from  2,800  to  3,750  feet,  it  is  evident  that  the  slopes  are  steep,  the  fall 
of  the  rivers  great,  and  the  velocity  of  their  waters  high.  Moreover, 
affthe  main  summits  of  the  dividing  mountain  ranges  have  been  shown 
to  be  one-third  nearer  the  southern  and  eastern  coasts  than  the 
northern  and  western,  it  is  also  evident  that  such  streams  as  flow  to 
the  north  and  west  are  three  or  four  times  as  long  and  drain  ten  to 
fifteen  times  as  great  areas  as  those  flowing  to  the  south  and  east.  The 
former  have  average  lengths  of  25  to  40  miles,  measured  along  their 
stream  beds;  the  latter  have  lengths  of  but  5  to  15  miles.  For  these 
and  the  reasons  already  given  the  streams  flowing  north  and  west 
necessarily  have  less  abrupt  slopes  than  do  those  which  drain  east- 
ward and  southward,  which  plunge  from  an  altitude  of  3,000  feet  to 
sea  level  within  a  comparatively  few  miles. 

It  is  thus  seen  that  as  the  island  is  divided  climatologically  into  two 
distinct  portions,  it  is  similarly  divided  hydrographically,  largely  as  a 
result  of  the  same  causes — the  trade  winds  and  the  topographic  con- 
figuration of  the  surface. 

Of  the  twenty-eight  larger  rivers  above  enumerated,  each  has  its 
source  high  among  the  summits  of  the  Cordillera  Central.  Those  flow- 
ing to  the  north  and  west  are  characterized  by  precipitate  descents 
of  1,000  to  2,<XX)  feet  in  the  first  5  miles  of  their  head  waters.  There- 
after they  flow  more  leisurely  and  with  consequent  increased  size  to 
within  5  miles  of  the  coast.  There  they  emerge  practicall}'  at  sea 
level  in  long,  meandering  curves  through  the  alluvial  playas  about 
their  mouths.  Because  of  the  lowness  of  their  grades  near  the  coast 
and  their  resulting  low  velocity,  all  are  of  considerable  width  and 
moderate  depth  in  the  playa  levels.  A  few  miles  inland,  where  they 
flow  over  steep,  rocky  beds,  their  channels  are  narrow  and  often  con- 
fined by  pi-ecipitous  rocky  walls,  their  width  is  of  but  comparatively 
few  feet,  their  depth  often  less  than  a  foot,  and  their  velocities  so 
high  as  to  render  them  veritable  mountain  torrents  (see  PI.  11,  C). 

On  the  southern  coast  the  larger  rivers  have  bed  widths  as  great  as 
those  entering  the  northern  and  western  coast.  Their  lengths,  how- 
ever, are  so  short  for  the  same  fall  that  they  are  not  characterized  by 
the  long  stretches  of  low,  meandering  grade  found  near  the  coast  in 
the  playas  to  the  north.  They  emerge,  on  the  contrary,  from  the  moun- 
tains at  but  3  to  5  miles  from  shore  line  at  altitudes  of  200  to  400  feet, 
and  as  a  result  this  elevation  is  passed  with  comparatively  steep 
slopes  over  rocky  or  bowlder-strewn  channels.  Above  these  coastal 
stretches  and  within  the  mountains  the  lengths  of  the  rivers  are  so 
short  for  the  relatively  great  heights  which  they  fall  that  their  dimen- 
sions are  little  greater  than  those  of  the  smallest  brooks  which  flow 
from  the  hill  summits  in  the  Rocky  Mountains. 
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The  rivers  of  the  north  and  of  the  west  are  more  like  the  streams  of 
humid  regions  in  the  United  States,  as  their  perennial  dischai^  is 
always  fairly  well  maintained.  The  larger  of  these  rivers  have  at 
low-water  stage  bed  widths  of  150  to  200  feet,  average  depths  of  2  to  4 
feet,  and  minimum  discharges  of  260  to  1,500  second-feet.  (See  PI. 
VIII,  C, )  In  time  of  flood,  although  these  rivers  attain  maximum  dis- 
charges of  10,000  to  20,000  second-feet,  these  volumes  are  not  greatly 
in  excess  of  the  flood  discharges  of  the  rivers  of  the  southern  slope. 

The  width  of  stream  bed  of  the  southern  rivers  is  often  as  great  as 
that  of  those  entering  the  northern  coast,  but  owing  to  the  inf  requency 
and  small  amount  of  the  precipitation  and  the  relatively  XK)rous  char- 
acter of  the  soil  reducing  the  i)ercentage  of  run-off,  as  well  as  to  the 
smallnessof  their  catchment  basins,  they  discharge  minimum  volumes 
of  but  50  to  100  second-feet.  These  streams  resemble  the  rivers  of 
our  Western  plains  in  that  their  beds  are  nearly  dry  the  larger  part  of 
the  year  (see  PI.  VIII,  D),  but  are  yet  of  sufficient  capacity  to  dis- 
charge great  volumes  during  the  sudden  floods  to  which  they  are  sub- 
ject. The  beds  of  these  rivers,  even  near  the  coast,  are  bowlder 
strewn  and  are  from  100  to  300  feet  in  width.  The  depth  of  their  banks 
is  10  to  20  feet,  yet  the  minimum  surface  widths  of  such  streams  is 
but  50  to  100  feet  and  their  average  depth  one-half  to  1^  feet  duriu^; 
their  minimum  discharge.  In  maximum  flood  such  streams  reach  dis- 
charges aggregating  5,000  to  10,000  second-feet,  in  some  cases  even 
more,  as  shown  by  their  wide,  rocky,  dry  beds. 

To  convey  a  clearer  idea  of  the  size  and  regimen  of  the  rivers  of 
Puerto  Rico,  the  following  results  of  rough  gagings  of  such  streams  as 
were  examined  in  the  preliminary  reconnaissance  of  the  island  are 
given.  As  these  streams  were  observed  in  the  middle  of  the  dry  sea- 
son their  discharges  may  be  taken  as  showing  the  average  minimum 
volumes  which  they  carry. 

The  Rio  Loiza,  probably  the  largest  on  the  island,  was  gaged  near 
Carolina,  abo^t  15  miles  east  of  San  Juan.  Its  surface  width  was  220 
feet,  its  average  depth  3  feet,  and  its  minimum  discharge  1,600  sec- 
ond-feet.    (See  PI.  VIII,  (7.) 

The  Rio  Canovanas,  above  its  junction  with  the  Loiza,  5  miles  east 
of  Carolina,  has  a  bed  width  of  60  feet,  average  depth  2  feet,  average 
velocity  about  5  feet  per  second,  and  discharge  600  second-feet. 
(See  PI.  II,  C )  This  amount  is  to  be  added  to  the  discharge  of  the 
Loiza  to  give  the  volume  of  the  latter  at  its  mouth. 

At  Caguas,  about  20  miles  by  road  south  of  San  Juan,  and  230  feet 
above  sea  level,  the  Rio  Caguitas,  one  of  the  principal  branches  of 
the  Loiza,  flows  in  long,  meandering  curves  through  a  level  alluvial 
valley,  and  caiTies  a  minimum  volume  of  about  50  second-feet.  A  few 
miles  beyond,  and  in  the  same  valley,  the  Rio  Turabo,  another  branch 
of  the  Loiza,  is  of  similar  character  and  discharges  an  equal  volume. 

The  Rio  Carite,  at  the  crossing  of  the  military  road,  36  miles  from 
San  Juan,  and  in  the  Vegas  or  plain  of  Cayey,  has  an  elevation  of 
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about  1,180  feet  above  sea  level.  This  is  a  branch  of  the  Rio  Plata, 
and  its  discharge  at  this  point  is  about  the  same  as  those  of  the  two 
last-mentioned  streams,  namely,  50  second-feet,  though  because  of 
its  greater  altitude,  and  consequently  greater  slope,  the  cross  section 
of  its  channel  is  smaller. 

The  Rio  Plata,  at  a  point  4  miles  northwest  of  Cayey,  at  an  alti- 
tnde  of  810  feet,  has  a  bed  width  of  about  100  feet,  a  depth  of  1^  feet 
and  a  discharge  of  230  second-feet. 

South  of  the  main  divide  at  Aibonito,  the  Rio  Calabasas,  4  miles 
east  of  its  junction  with  the  Rio  Coamo  at  Coamo  and  at  an  elevation 
oi  480  feet,  has  a  velocity  of  3  feet  i)er  second  and  a  discharge  of  but 
25  second-feet. 

The  Rio  Coamo,  at  the  city  of  that  name,  and  at  360  feet  above  sea 
level,  has  a  bed  width  of  100  feet,  though  its  surface  width  is  some- 
what less.     It«  depth  is  but  4  inches  and  its  discharge  100  second-feet. 

The  Rio  Descalabrado,  halfway  between  Coamo  and  JuanaDiaz,  at 
an  elevation  of  260  feet,  has  a  comparatively  dry  bed  of  120  feet  width. 
Its  velocity  is  but  2  feet  per  second  and  its  discharge  40  second-feet. 
(See  PI.  IX,  X) 

The  Rio  Jacaguasat  Juana  Diaz,  elevation  160  feet,  has  a  bed  width 
of  180  feet,  a  minimum  surface  width  of  60  feet,  and  a  discharge  of 
50  second-feet.     (See  PL  III,  B,) 

The  Rio  Portugues  at  Ponce  has  a  bed  width  of  175  feet,  yet  its 
minimum  discharge- is  but  60  second-feet.  (See  PL  VIII,  D,)  Its 
total  available  discharge  is  considerably  greater  than  this,  but  the 
remainder  of  its  volume  is  diverted  a  few  miles  above  for  irrigation 
and  for  the  water  supply  of  Ponce.  The  same  is  in  a  measure  true  of 
the  Rio  Jacaguas,  a  portion  of  the  discharge  of  which  is  utilized  for 
irrigation  above  the  military  road. 

The  Rio  Magueyes,  at  the  crossing  of  the  road  from  Ponce  to  Adjun- 
tas,  5  miles  north  of  Ponce,  elevation  400  feet,  has  a  minimum  discharge 
of  35  second- feet. 

The  Rio  Portugues,  at  the  crossing  of  the  above-named  road,  near 
its  headwaters,  9  miles  north  of  Ponce,  elevation  1,000  feet,  has  a  mini- 
nium  discharge  of  25  second-feet. 

The  Rio  Arecibo,  near  its  headwaters,  at  Adjuntas,  altitude  1,440 
feet,  has  a  minimum  discharge  of  40  second-feet.  A  few  miles  lower 
<lown,  at  Utuado,  its  discharge  is  100  second-feet.  This  river,  like 
the  others  described,  discharges  relatively  increased  A^olumes  in  its 
lower  reaches  near  the  coast. 

The  Rio  Yahueca,  one  of  the  headwaters  of  the  Rios  Blanco  and 
Pietro,  or,  as  they  are  called  near  the  coast,  the  Rio  Aiiasco,  has,  at 
an  elevation  of  1,440  feet,  about  5  miles  west  of  Adjuntas,  a  minimum 
discharge  of  20  second-feet. 

The  Rio  Blanco,  into  which  the  Rio  Yahueca  discharges,  at  an  ele- 
vation of  1,350  feet,  about  8  miles  west  of  Adjuntas,  has  a  minimum 
volume  of  about  50  second-feet. 


28  WATER   RESOURCES   OF    PUERTO   RICO.  [ho. 31 

The  Rio  Culebrina,  near  the  middle  of  its  course  at  San  Sebastian, 
elevation  140  feet,  has  a  bed  width  of  125  feet,  a  considerably  less 
surface  width,  a  velocity  of  4  feet  per  second,  and  a  minimum  dis- 
charge of  100  second-feet. 

The  Rio  Aiiasco,  halfway  between  San  Sebastian  and  Afiasco,  at  a 
point  about  8  miles  from  the  latter  city,  has,  at  an  elevation  of  80  feet, 
a  bed  width  of  150  feet,  a  surface  width  of  75  feet,  a  depth  of  1^  feet, 
and  a  discharge  of  nearly  600  second- feet.  (See  PL  IX,  B.)  The 
same  river  below  the  city  of  Aflasco  flows  through  a  level  playa  and 
has  an  easy,  meandering  course,  its  grade  being  so  low  as  to  render 
its  velocity  very  slow.  Its  surface  width  is  here  about  200  feet,  its 
depth  4  to  8  feet,  and  its  discharge  about  1,000  second-feet. 

IRRIGATION. 

It  is  evident  that  all  the  crops  which  the  soil  will  produce  can  be 
grown  over  three-fourths  of  the  extent  of  the  island  with  the  aid  of 
the  abundant  rainfall  alone.  The  other  one-fourth,  including  all 
the  region  near  the  coast  and  from  Cabo  Rojo  on  the  extreme  west 
to  beyond  Guayama  on  the  east,  must  be  irrigated  if  the  soil  is  to 
produce  the  full  measure  of  crops  of  which  it  is  capable.  The  tot^l 
area  of  these  irrigable  lands  is,  however,  relatively  small.  A  portion 
of  this  one-fourth,  or,  in  round  numbers,  of  the  800  arid  square 
miles,  is  included  within  the  steepest  portions  of  the  southern  moun- 
tain slopes.  Another  portion  consist^s  of  the  rugged  foothills  which, 
as  they  rise  in  detached  summits,  it  is  impossible  to  reach  with 
a  gravity  water  supply.  Still  another  portion  of  this  area  consists  of 
the  alluvial  playas,  which  produce  fairly  abundant  crops  with  the  aid 
of  the  moisture  which  they  draw  through  their  roots  from  a  soil  which 
is  but  a  few  feet  above  the  level  of  the  sea.  Of  the  450  square  miles 
included  within  the  southern  back-coast  border,  perhaps  150  consLst 
of  playa  lands  which  need  not  be  irrigated,  and  300  more  consist  of 
detached  and  inaccessible  hills  and  of  the  precipitous  slox>es  of  the 
sierra.  There  remain,  accordingly,  perhaps  a  total  of  150  square 
miles  which  would  add  to  the  agricultural  resources  of  the  island  if 
artificially  provided  with  water. 

The  soil  on  these  lands  is  in  every  case  of  the  very  best  kind  for 
agriculture  with  irrigation.  It  is  usually  an  open,  porous,  limestone 
soil  of  sandy  and  gravelly  texture,  mixed  with  a  little  earthy  loam. 
It  is  fairly  deep  and  is  underlain  by  a  porous  limestone  or  coral,  which 
affords  the  best  drainage  and  probably  renders  it  safe  from  the  dan- 
ger of  producing  alkali.  Much  of  it  is  already  under  cultivation  in 
maize,  beans,  pease,  and  other  lentils  in  the  southwestern  extremity  of 
the  island,  and  small  vegetables  and  fruits  elsewhere. 

While  the  precipitation  is  insufficient,  the  perennial  flow  of  the 
streams  is  unusually  abundant  for  a  land  requiring  irrigation.  The 
minimum  discharges  of  these  streams  where  they  would  be  diverted  in 
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the  foothills  are  moderate  in  amount  and  yet  nearly  sufficient  for  the 
irrigation  of  such  areas  as  they  command.  Moreover,  the  flood  dis- 
charges of  these  streams  occur  at  frequent  intervals  throughout  the 
year,  but  are  especially  well  distributed  throughout  the  summer  or 
rainy  season.  They  afford  an  abundant  surplus  for  storage.  The 
shapes  of  the  smaller  parting  valleys  and  of  the  lower  canyons  through 
which  the  rivera  emerge  from  the  mountains  give  every  indication 
that  abundant  opjwrtunities  will  be  found,  on  fuller  investigation,  for 
the  construction  of  storage  reservoirs  at  moderate  exi)ense  and  at  rela- 
tively small  cost. 

The  Spaniards,  who  in  the  past  have  been  the  principal  landholders, 
are  thoroughly  familiar  with  the  requirements  and  processes  of  irriga- 
tion as  practiced  in  Spain.  Quick  to  appreciate  the  advantages  of 
the  artificial  application  of  water,  they  have  already  constructed 
numerous  ditches  of  moderate  sizes,  and  much  of  the  more  valuable 
sugar  land,  especially  between  Guayama  and  Ponce,  is  cultivated 
exclusively  by  the  aid  of  irrigation.  Much  as  has  been  done  already 
in  this  direction,  there  is  still  room  for  further  development.  But  a 
portion  of  the  available  water  supply  has  been  appropriated,  and 
but  a  small  portion  of  irrigable  lands  are  artificially  supplied  with 
water. 

Such  works  as  were  noted  correspond  in  general  type  to  those  seen 
in  Mexico,  but  because  of  the  greater  influence  of  European  ideas  in 
this  island,  their  construction  is  of  a  raoi'e  substantial  character,  and 
more  nearly  approaches  that  prevalent  in  Spain  and  Italy.  The 
diversion  works  are  in  every  instance  of  the  crudest  kind,  simple 
wing  dams  of  rock  and  bowlders  thrown  out  into  the  beds  of  the 
streams  to  direct  a  portion  of  the  waters  into  the  heads  of  the  ditches. 
These  are  necessarily  carried  away  by  each  flood,  requiring  to  be 
inLmediatel3'  replaced.  On  the  other  hand,  the  headworks,  falls, 
regulating  gates,  and  other  dividers  are  constructed  in  the  most  sub- 
stantial manner  of  massive  masonry. 

In  strong  contrast  to  this  type  of  construction  are  the  minor  dis- 
tributaries observed  in  some  of  the  cane  fields.  These  were  built  by 
owners  who  had  great  grinding  and  boiling  machinery  for  the  treatment 
of  their  cane,  and  were  imbued  to  a  certain  extent  with  American 
methods.  They  out-Americanized  our  Western  irrigator.  Their 
distributaries  consist  of  a  series  of  temporary  trestles  and  shallow 
wooden  troughs  or  gutters  made  of  lumber  brought  from  America. 
These  tap  the  hillside  ditches  at  such  points  as  seem  desirable,  and 
are  roughly  placed  so  as  to  carry  the  water  to  such  portions  of  the 
field  as  immediately  require  it.  After  irrigation  in  such  localities 
the  trestles  and  troughs  are  removed  and  utilized  in  irrigating  other 
portions  of  the  same  fields.  This  practice  is  resorted  to  in  order  to 
reach  the  numerous  little  detached  rolling  hills  10  to  20  feet  in  maxi- 
mum height,  into  which  the  surface  of  the  sugar  lands  is  broken.     In 
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other  localities,  where  practicable,  these  lands  are  irri^teil  by  direct 
diversion  from  the  main  ditches  of  laterals  dng  in  the   earth  and 

ramifying  to  every 
portion  of  the  field  lo 
which  gravity  will  con- 
duct the  water. 

Immediately  to  the 
westof  Juana  Diazthc 
most  important  irriga- 
tion work  Dot«d  on  lh<^ 
island  is  a  ditch  from 
the  Rio  Jacagaaa. 
The  point  of  diversion 
is  in  a  narrow  gor^, 
welhipinthe  foothills, 
about  SmJlesabovetbe 
military  road.  The 
ditch  thence  is  about 
5  feet  in  width  at  the 
top,  3  feet  in  depth, 
and  isexcavated  in  tbe 
earth  slopes  of  thehill- 
sides,  around  which  it 
is  well  graded.  This 
0  ditch  is  divided  into 

[j  numerous  distributAr- 

to  ies,  all  of  the  simpletst 

earth  constru  c  t  i  o  n , 
which  convey  its 
waters  toeverypartof 
the  cane  fields. 

Farther  west  another 
irrigation  ditch  is  car- 
ried under  the  militan' 
road  in  an  inverted 
siphon  of  ma8onry(Bee 
fig.  ti),  which  is  similftT 
in  all  respects  to  such 
structures  seen  in  In- 
,  dia  and  southern  Eu- 

<■  —  -  [I  rope. 

°»w   1 1  The  width    of   the 

,'  masonry    channel   at 

'.  the   entrance  of  the 

.'  siphon  is  but  2^  fifi 

;  and  its  extreme  depth 

■tod  siphon  c«rrylnBdlWh  uader  military  rotid,       1**  Inches.       The  watcf 
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slides  down  an  incline  at  an  angle  of  aboat  45°  to  a  depth  of  about  G  feet 
below  the  level  of  tlie  ditch  bank,  and  ia  carried  thence  under  the 
road  in  a  rectangular  masonry  cooduit.  Near  the  entrance  to  this 
chute  is  a  little  masonry  measuring  box  3  inches  in  depth,  from 
which  water  flows  through  a  lip  in  tlie  top  of  the  conduit.  The  walls 
of  the  main  conduit  are  a  foot  in  thickness,  and  at  their  exit  on  the 
lower  side  are  buttressed  by  square  blocks  18  inches  in  cross  section. 
In  the^  are  grooves  for  inserting  dashboards,  by  which  the  amount 
of  water  passed  iuto  the  canal  beyond  can  be  measured   as  over  a 
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weir,  while  at  the  same  time  the  supply  is  regulated.  (See  PI.  IX, 
C.)  Below  this  a  lateral  is  diverted  through  gates  identical  in  type. 
Near  this  place  was  seen  a  rough  wing  dam  of  rock,  which  diverts 
a  stream  into  a  substantial  masonry  conduit  (see  PI.  IX,  D),  whence 
it  is  led  along  the  banks  of  the  river  through  a  circular  masonry 
pipe  30  inches  in  diameter  and  10  inches  thick  (see  fig.  7),  in  many 
places  close  to  the  river  bank.     To  protect  it  from  the  erosive  action 
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of  floods,  the  conduit  is  supported  on  a  heavy  retaining  wall  of 
masonry  until  at  some  distance  a  sufficient  grade  is  attained  to 
carry  it  away  from  the  banks  of  the  stream.     (See  PL  X,  A,) 

AGRICULTURAL  LANDS  AND  SOIL. 

The  parting  valleys,  and  especially  the  playa  plains,  are  often  quite 
extensive,  and  constitute  the  chief  portion  of  the  more  valuable  sugar 
and  grass  lands  which  border  the  entire  coast.  The  larger  of  these  agri- 
cultural plains  are  to  the  eastward  of  San  Juan  as  far  as  Luquilla,  and 
include  wide  indentations  which  extend  up  the  valley  of  the  Rio  Loiza. 
There  are  smaller  playas  between  Fajardo  and  Humacoa  and  between 
Guayama  and  Ponce.  (See  PL  X,  C.)  West  of  San  Juan  the  playas 
are  not  so  extensive  until  beyond  the  mouth  of  Rio  Cibua,  between 
which  and  Arecibo  are  some  large  areas  of  playa  land.  Thence  west- 
ward there  is  no  coast  border  of  any  moment  until  Aguadilla  is 
reached,  but  there,  as  well  as  at  Afiasco,  are  two  fairly  extensive  playas. 
The  remaining  sugar  lands  are  those  in  the  larger  parting  valleys, 
some  of  which  are  of  great  extent.  Those  between  Yauco,  Sabana 
Grande,  and  Hormigueros  are  the  largest,  but  some  of  the  others  con- 
tain 1,000  to  5,000  acres  each. 

In  addition  to  the  cultivable  areas  which  may  be  added  by  irriga- 
tion, much  waste  swamp  land  may  be  reclaimed  by  drainage.  This 
is  especially  true  of  the  playa  lands  about  the  coast  lagoons  and  of 
some  of  the  swampy  valley  lands  near  the  head  waters  of  the  Rio 
Loiza  and  Rio  Plata,  which  are  now  chiefly  covered  with  guinea  grass. 
(See  PL  X,  D.)  One  such  swamp  alone,  near  Guanica,  Contains  8,000 
acres  of  reclaimable  land  belonging  to  the  Government. 

There  are  two  other  distinct  types  of  agricultural  lands  on  the 
island.  These  are  found  in  a  few  small  alluvial  valleys  on  the  upper 
courses  of  the  rivers,  as  at  Caguas  (see  PL  IV,  5),  Cayey,  and  Sabana 
del  Palmar,  and  in  the  main  mass  of  fruit  and  coffee  land  on  the 
slopes,  reaching  even  to  the  crests  of  the  highest  summits  of  the 
sierra.  The  mountain  valleys  appear  frequently  to  have  been  old 
abani^oned  lake  beds,  and  are  extensively  cultivated  in  forage  grass 
and  in  tobacco.  The  most  interesting  agricultural  feature  of  the 
island  is,  however,  the  steep  slopes  of  the  main  cordillera,  which  are 
everywhere  cultivated  and  are  mantled  with  sufficient  depth  of  soil  to 
give  firm  hold  to  the  luxuriant  vegetation  with  which  they  are  cov- 
ered.    (See  PL  XI,  ^;  text  fig.  8,  on  page  37:  arid  PL  IV,  C.) 

The  soil  of  Puerto  Rico,  in  physical  and  chemical  comi)osition,  is  of 
two  kinds.  It  is  these  differences  which  furnish  the  most  radical 
changes  in  flora  observed  on  the  north  and  on  the  south  side  of  the 
island,  modified,  of  course,  by  altitude  to  a  less  extent  and  by  precip- 
itation to  the  greatest  extent.  Primarily  the  soils  are  either  of  cal- 
careous or  of  clay  origin,  the  result  of  decomposition  of  the  underlying 
rock. 


34  WATER   EE80UECES   OF  PUERTO   RICO.  [so. 82. 

deposits  of  guano  on  Mona  Island,  just  off  the  west  coast,  and  smaller 
deposits  in  caverns  on  the  west  coast  and  near  Ponce.  Elsewhere 
throughout  the  island  are  great  beds  of  shell  and  chalk  marls  and  of 
lime  phosphates.  The  lime  marls  are  abundant  everywhere  around 
the  coast,  and  gypsum  marls  occur  in  the  neighborhood  of  Ponce. 

AGRICULTURAL  PRODUCTS. 

The  soil  of  Puerto  Rico  is  so  deep  and  fertile,  the  precipitation  so 
abundant  and  well  distributed,  and  the  temperature,  though  tropic, 
so  mild  as  to  render  it  possible  to  cultivate  almost  all  the  land  on  the 
island.  Moreover,  almost  every  foot  of  it  is  now  or  has  been  under 
cultivation.  It  is  essentially  the  land  of  the  small  farmer,  because, 
limited  as  the  island  is  in  extent,  the  official  records  show  that  it  is 
divided  into  36,650  individual  holdings.  These  are  distributed  as  fol- 
lows: Tobacco  plantations,  66;  cattle  ranches,  240;  coffee  plantations, 
360;  sugar  plantations,  435;  small  coffee  farms,  4,185;  small  farms  of 
mixed  coffee,  fruit,  and  vegetables,  4,375;  small  fruit  and  vegetable 
farms,  16,990.  At  least  21,000  of  these  holdings  are  of  the  smallest 
kind,  being  owned  by  the  poorer  peasantry.  Such  holdings  range  in 
size  from  5  to  50  acres,  rarely  reaching  the  latter  amount.  The  remain- 
ing 6,000  holdings  are  from  100  to  5,000  acres  or  even  larger.  The 
greater  proportion  of  these  are  relatively  small  and  are  devoted  chiefly 
to  the  cultivation  of  coffee,  the  larger  ones  being  mostly  cultivated  in 
sugar. 

So  fruitful  are  the  soil  and  climate  that  the  people  pass  an  indolent 
and  lazy  existence,  even  to  a  greater  extent  than  is  observable  else- 
where in  Spanish  America.  Outside  of  the  few  large  plantations  the 
people  are  unacquainted  with  any  agricultural  implement  other  than 
the  machete,  a  short  thick  sword,  which  serves  all  the  purposes  of 
scythe,  brush  hook,  ax,  hoe,  and  weapon  of  defense.  Holes  are 
scratched  in  the  surface  of  the  soil  in  which  to  plant  seeds  or  trans- 
plant sprouts.  Thereafter  no  attention  is  given  to  the  crop  until  it 
becomes  necessary  to  gather  the  product  either  for  domestic  consump- 
tion or  for  exchange  in  the  nearest  village  for  such  household  neces- 
sities as  the  farm  does  not  produce. 

Abundant  and  well  distributed  as  are  the  various  crops,  the  island 
produces  to  but  a  fraction  of  its  capacity.  (See  PI.  XIII.)  Thus  far 
there  has  been  no  incentive  to  grow  such  products  as  would  have  value 
for  export,  and  no  means  have  been  available  and  no  forces  at  work 
to  incite  the  ambition  of  the  i)eople,  and  thus  give  them  some  induce- 
ment to  gain  a  better  living.  They  know  nothing  of  the  higher  arts 
of  civilization,  and  if  they  had  more  wealth  than  they  now  possess 
they  would  not  know  how  to  use  it.  With  the  higher  aims  which  will 
come  from  association  with  the  more  active,  liberal,  and  highly  civil- 
ized people  of  the  United  States,  increased  energy  may  be  exerted  in 
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the  near  future  in  wresting  from  nature  more  bountiful  and  useful 
crops  than  are  now  cultivated. 

At  present  such  crops  as  are  produced  for  exportation  are  limited 
almost  exclusively  to  sugar  and  the  by-products  of  the  cane  (molasses 
and  rum),  coffee,  tobacco,  and  hides,  in  the  order  named.  In  value, 
however,  coffee  exceeds  that  of  sugar  in  the  ratio  of  three  to  one. 
According  to  the  Spanish  Estadistica  General,  the  total  exports  for  1897 
were  valued  at  $18, 574, 678.     These  were  distributed  as  follows: 

Exports  of  principal  articles  from  Puerto  Rico,  1897, 


Cane  sugar. . . 

Molasses 

Coffee 

Tobacco 

Hides 

Other  articles 

Total  .. 


Amoant,  in 
pounds. 


125, 823, 589 

25, 085, 060 

51,097,823 

6,181,771 

822, 108 


Valne. 


^,  007, 999 

403, 519 

12, 222, 598 

1,194,318 

71,852 

674,392 

$18, 574, 678 

In  addition  to  the  above  there  are  several  other  articles  of  export 
which,  like  these^  are  all  of  agricultural  origin.  In  order  of  impor- 
tance they  are:  Honey,  the  value  of  the  exported  product  being 
•517,746;  wax;  cattle,  of  which  3,180  head  were  exported;  chocolate; 
straw  hats;  and  a  very  small  amount  of  fresh  fruit. 

From  the  above  it  is  evident  that  the  most  valuable  crop  of  the 
island  is  coffee.  Next  in  importance  ranks  sugar  and  then  tobacco 
and  cattle.  In  addition  there  are  cultivated,  chiefly  for  domestic 
consumption,  various  cereals,  lentils,  potatoes,  small  vegetables,  and 
fruits,  as  well  as  forage  grasses. 

Of  domestic  animals  cattle  are  first  in  importance.  These  are  of 
unusually  large  size,  being  far  more  powerful  and  heavier  than  any 
seen  in  Central  or  tropic  South  America  or  elsewhere  in  the  West 
Indies,  and  in  fact  exceed  in  size  the  cattle  of  our  Southern  States. 
They  have  widespreading  horns  and  in  general  appearance  they 
resemble  the  range  stock  of  Texas  and  the  uplands  of  Mexico.  (See 
PL  XII,  B.)  Horses  are  abundant,  but  are  so  diminutive  in  size  as  to 
scarcely  deserve  any  other  name  than  pony.  They  resemble  in  gen- 
eral appearance  the  ponies  of  Cuba,  but  though  small  they  are  exceed- 
ingly hardy  and  are  excellent  pack  animals.     (See  PI.  XI,  C) 

All  the  heavy  draft  work  of  the  island  is  done  by  oxen,  which  are 
yoked,  not  by  the  neck  but  by  the  horns,  to  heavy  two- wheeled  bul- 
lock carts  made  of  mahogany  and  similar  hard  woods.  (See  PL  XI,  B. ) 
Off  the  roads,  and  these  are  but  few  and  inferior  in  quality,  all  prod- 
uce is  hauled  to  the  markets  and  purchases  made  there  are  carried 
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back  to  the  mountain  farms  on  the  backs  of  the  sturdy  little  pack 
horses  which  climb  with  sure  foot  the  steep,  wet,  and  slippery  trails. 
(See  PL  XI,  C)  The  method  of  packing  these  animals  is  that  com- 
monly practiced  in  dome  portions  of  South  America.  Most  burdens 
are  carried,  not  by  means  of  pack  saddles  or  of  aparejos  and  lash 
ropes,  but  in  wicker-basket  panniers,  which  are  hung  loosely  over  the 
backs  of  the  animals.  Sacks  of  coffee,  however,  are  hung  loosely  by 
sling  ropes.  In  this  way  they  are  loaded  with  150  to  250  pounds  of 
coffee  or  other  burden  and  tramp  with  quick,  short  steps  over  the 
rugged  trails. 

In  addition  to  cattle  and  horses  a  very  few  small  mules  are  bred; 
the  only  other  domestic  animals  are  poultry,  hogs,  and  dogs.  The 
poultry  are  of  inferior  breed,  being  chiefly  raised  for  the  game  cocks, 
which  are  used  in  the  universal  sport  of  the  people.  These  and  the 
hogs,  which  are  also  of  small  size  and  of  poor  breed  (see  PI.  XI,  D), 
thrive  well,  but  are  so  few  in  number  that  fences  are  rarely  built  to 
restrain  them.  It  is  therefore  a  common  sight  to  see  hogs  tethered  by 
a  string  tied  around  one  leg  and  attached  to  a  tree  or  picket,  and  to 
see  poultry  tied  in  the  same  manner  and  forage  much  as  do  milch  cows. 

The  various  agricultural  crops  of  importance  are  distributed  in 
zones,  depending  on  and  clearly  marking  the  variations  in  altitude, 
rainfall,  and  soil  composition.  Sugar  cane  is  cultivated  exclusively  in 
the  coast  playas  and  in  the  parting  valleys  among  the  lower  hiHs  of  the 
back-coast  border.  It  grows  luxuriantly,  the  stalks  being  10  to  15  feet 
in  height  and  often  2^  inches  in  diameter  at  the  base.  (See  PI.  XII,  A. ) 
The  cane  is  cut  during  the  months  of  January  to  March,  inclusive, 
and  produces  an  average  yield  of  3  tons  to  the  acre.  It  is  the  only 
crop  except  coffee,  the  latter  to  a  more  limited  extent,  which  is  culti- 
vated with  modem  methods  and  harvested  by  the  use  of  modern 
machinery.  Heavy,  imported  metal  plows,  drawn  by  six  to  ten  yoke 
of  oxen,  are  used  in  tilling  the  soil  and  making  the  furrows,  through 
which  irrigation  water  is  flowed.  The  cane  is  cut  down  with  a  blow 
of  a  machete,  and  the  longer  stalks  cut  into  lengths  of  3  to  4  feet  by 
the  same  process.  It  is  carted  from  the  fleld  to  the  sugar  mill  either 
in  ox  carts  (see  PI.  XI,  B)  or  occasionally  on  trains  of  cars,  hauled  by 
oxen  over  railways  placed  temporarily  in  various  avenues  through  the 
cane  fields  (see  PI.  XII,  B).  The  roadbed  of  these  tramways  is  laid 
permanently,  but  the  rails  and  ties  are  moved  about  as  required. 
The  sugar  mills  are  invariably  substantial  brick  structures  containing 
the  most  modern  machinery,  in  which  the  cane  is  crushed,  boiled,  and 
evaporated.  From  the  mills  cane  sugar  of  muscovada  grade,  molas- 
ses, and  rum  are  shipped,  the  last  being  usually  distilled  in  the  same 
mills. 

Tobacco  of  excellent  quality  thrives  well  everywhere.  The  best 
varieties,  cultivated  in  sufficient  quantities  for  export,  are  grown 
chiefly  in  the  valleys  and  the  river  bottoms  on  the  head  waters  of  the 
Rios  Loiza  and  Plata.     The  culture  of  tobacco  is  especially  exten- 
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sive  in  the  valleys  and  on  the  mountain  slopes  about  Cagnas,  Oayey, 
Comeiro,  and  Juncos.  (See  PI.  IV,  B.)  Especially  interesting  is  its 
cultivation  on  the  steepest  slopes  of  the  higher  hills.  (See  fig.  8.) 
'lliere  groups  of  ten  to  twenty  laborers  may  be  seen  cliuging  like  ants  to 
the  steep  mountain  sides,  hoeing  and  weeding  or  gathering  the  crop. 

These  tobacco  fields  are  the  best  kept  and  the  most  industriously 
attended  agricultural  products  observed  on  the  island.  The  flavor  of 
thetobaeco  grown  in  the  region  named  is  excellent.  It  is  sold  in  Puerto 
Rico  at  about  125  to  $30  per  hundredweight.  The  lai^r  portion  of 
it  ia  shipped  to  the  United  States  and  Europe,  through  Cuba,  where 
it  passes  as  Habana  tobacco  of  the  highly  prized  Vuelto  Abajo  quality. 
In  Haljana  it  commands  tlOO  to  $135  per  hundredweight. 

Cktffee  is  grown  everywhere  on  the  island  at  altitudes  above  1,000 
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feet.  Ordinarily  it  i^  at  present  cultivated  at  too  low  an  altitude  to 
yield  the  best  variety  and  so  little  attention  is  given  it  in  the  way  of 
cultivation  and  fertilization  that  the  yield  is  relatively  small.  At  alti- 
tudes of  1,000  to  1,500  feet  the  average  product  is  alwut  500  to  600 
pounds  per  acre.  Between  1,500  and  2,000  feet  the  yield  is  600  to  800 
pounds  per  acre.  Above  2,000  feet  yields  of  1,000  to  1,200  pounds  per 
acre  are  occasionally  obtained,  for  at  such  altitudes  coffee  is  generally 
grown  by  the  larger  planters  and  under  more  intelligent  supervision. 
The  product  would  l>e  greatly  increased  and  the  quality  improved  if 
better  methods  of  cultivation  were  employed  and  if  the  crop  were  more 
extensively  grown  on  the  higher  summits.  The  coftee  plant  is  very 
delicate  and  is  invariably  shaded  by  tall,  wide-spreading  trees,  chiefly 
the  guayava,  guama,  and  niaga  (see  PI,  XII,  C),  which  are  planted  for 
this  purpose,  and  only  occasionally,  .as  is  the  custom  elst^where  in  the 
West  Indies,  is  the  plant  sliaded  by  bananas  and  plaintains.  These 
latter  are,  however,  chiefly  used  as  siiade  for  the  younger  coffee  plants 
before  they  reach  the  yielding  ^e. 
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The  coffee  plant  is  uot  unlike  a  tall,  slender  currant  bush  in  general 
appearance,  thougli  it  is  peculiarly  devoid  of  leaves  or  brancheB. 
Several  stems  gi-ow  froui  one  root,  and  these  are  but  three-qaarters 
to  an  inch  in  diameter  at  the  base,  although  they  are  S  to  IS  feet  in 
height.  They  put  out  little,  short  branches  with  small  leaves,  and  on 
these  branches  grow  the  coffee  beans  with  exceedingly  short  stems,  so 
that  they  appear  to  cling  closely  to  the  wood.  The  coffee  berry  when 
ripe  is  not  unlike  a  good-sized  red  cherry.  The  plant  begins  to  bear 
after  four  years,  and  the  berry  is  picked  during  the  winter  months, 
from  October  to  February.  It  yields  best  in  seven  to  eight  years  and 
continues  to  produce  for  about  thirty  years.  The  berry  is  gathered 
chiefly  by  women  and  children,  who  empty  their  small  basketf  uls  into 
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larger  baskets  or  sacks,  and  these  are  carried  by  men  to  the  dr>'ing 
platforms,  where  the  coffee  remains  in  the  sunshine,  but  always  pro- 
tected from  rain  and  night  dew,  until  thoroughly  dry.  The  drying 
platforms  are  of  two  general  types.  The  first  type  consists  of  broad, 
level  platforms  of  masonry,  with  smooth  concrete  surfaces  on  which 
the  berries  are  spread  out  evenly  and  are  hoed  over,  and  from  which 
they  are  gathered  and  placeil  under  cover  at  night  or  when  rain 
threatens.  The  second  variety  of  platform,  that  used  on  the  larger 
plantations,  consists  of  large  wooden  trays  about  8  by  12  feet.  These 
rest  on  rollers  which  run  on  tracks  in  such  manner  that  when  it  is 
necessary  to  place  the  coffee  under  shelter  the  trays  are  rolled  under 
the  coffee  house;  as  the  trays  are  but  5  to  7  inches  in  depth,  they  run 
one  above  another,  so  that  usually  three  trays,  and  sometimes  more, 
are  housed  under  one  portion  of  the  coffee  house.     {See  fig.  9.)     Not 
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infrequently  coffee  is  dried  in  the  streets  or  plazas  by  spreading  it  out 
on  burlap  sacking,  which  can  be  quickly  gathered  up  in  the  form  of  a 
bag  and  carried  away. 

After  drying,  the  berry  is  crushed  in  great  wooden  mortars  with 
heavy  wooden  pestles,  so  as  to  break  away  the  dried  husk  which 
incloses  the  coffee  bean.  (See  PI.  XII,  i>.)  Where  better  managed 
this  crushing  is  performed  in  a  circular  trough  not  unlike  an  arastra, 
by  means  of  heavy  wooden  wheels  which  are  turned  by  animal  power 
and  sometimes  by  water  power.  After  crushing,  the  coffee  is  washed 
and  screened  to  separate  the  bean  from  the  husk.  The  former  is 
usually  double — that  is,  there  are  two  half  beans  within  one  beny. 
Not  infrequently,  however,  it  consists  of  one  deformed  bean  which  is 
egg  shaped  and  smaller  than  the  two  halves.  This  variety  is  called 
"earicolillas,"  and  is  especially  prized  in  European  markets.  The 
washed  coffee  beans  are  placed  in  airy  rooms  in  the  drying  houses 
and  thoroughly  seasoned  and  dried  before  shipping. 

The  variety  grown  generally  is  of  excellent  flavor.  As  yet  little  of 
it  reaches  the  American  market,  chiefly  because  of  the  export  duty 
now  placed  on  it  and  because  it  commands  a  much  higher  price  in  the 
European  than  in  the  American  market.  The  better  varieties  are 
sold  by  the  sack  by  commission  merchants  in  Puerto  Rico  at  13 
to  18  cents  per  pound.  This  is  a  higher  price  in  Puerto  Rico  than  is 
paid  in  New  York  by  coffee  importers  for  the  best  grades  of  Bogata, 
Caracas,  and  other  fine  Central  American  varieties.  As  it  is  not 
well  knowB  in  the  American  market,  importers  will  not  offer  more 
than  10  to  12  cents  for  it.  Much  of  it,  however,  reaches  the  United 
States,  chiefly  that  of  the  poorer  grades,  being  shipped  to  Euroi)e  in 
transit.  After  it  has  remained  some  time  in  the  bonded  wai^e- 
houses  it  is  withdrawn  under  the  names  of  Java  and  Mocha.  The 
American  coffee  buyer  purchases  largely  on  the  appearance  of  the 
bean,  and  accepts  that  which  has  a  dull  and  lusterless  appearance.  In 
Europe,  however,  coffee  having  a  bright  gloss  is  preferred,  and  for 
this  reason  Puerto  Rican  coffee  is  at  present  extensively  treated  with  a 
wash  of  gum  arable  and  charcoal  or  some  similar  preparation,  which 
gives  it  this  gloss.  This  process  injures  the  sale  of  the  article  in  the 
American  market.  Those  who  have  used  Puerto  Rican  coffee,  how- 
ever, insist  that  it«  flavor  is  equal  to  the  best  sold  in  the  country,  and 
that  when  better  known  it  will  command  a  higher  price  and  will 
displace  the  very  best  of  the  Central  American  product. 

Other  valuable  agricultural  products  are  forage  plants.  The  most 
important  variety  is  guinea  grass,  a  succulent  plant  having  a  blade 
or  leaf  2  to  3  feet  in  height  and  fully  one-half  inch  in  width.  It  yields 
about  3  tons  to  the  acre  and  grows  quickly  and  luxuriantly.  (See  PI. 
XV,  Z>,  and  PI.  X,  D.)  Cattle  and  horses  thrive  on  it  and  on  a  nu- 
tritious, leguminous  plant  called  "malahojilla,"  which  is  a  variety  of 
the  wild-pea  pine.  ''On  the  southern  foothills  the  chief  forage  plant  is 
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a  short,  dry-looking  ^rrass,  not  nnlike  the  Southwestern  bunch  or 
buffalo  grass.  (See  Pi.  \^.)  The  leaf  and  stalk  of  maize  and  the 
pods  of  various  acacias,  which  are  gathered  green,  are  also  used. 

Maize  is  grown  extensively  in  the  wide  parting  valleys  in  the  south- 
western portion  of  the  island.  In  the  same  region  and  in  the  beds  of 
many  of  the  streams  which  flow  into  the  west  coast,  lentils  are  grown 
in  large  quantities.  There  are  a  number  of  varieties  of  these,  chiefly 
beans,  including  the  green  string  bean  and  the  white  and  liver-colored 
bean,  which  when  cooked  are  the  '^frijole"  of  Spanish  America 
and  the  "Boston  baked  bean''  of  the  United  States.  A  lentil-like 
berry,  which  in  appearance  is  between  a  pea  and  a  small  bean,  and  yet 
grows  on  a  bush  belonging  to  the  acacia  tribe,  is  the  guadure,  and 
this  is  very  extensively  grown  for  domestic  consumption  on  the  semi- 
humid  side  of  the  island.  It  occurs  in  a  pod  about  3  to  4  inches  in 
length  on  a  bush  6  to  8  feet  in  height.  Yams  and  sweet  potatoes  are 
grown  extensively,  generally  for  home  consumption,  and  Irish  pota- 
toes thrive  well,  but  are  grown  to  only  limited  extent  in  some  portions 
of  the  uplands.  Among  other  small  vegetables  are  tomatoes  and 
red  pepper. 

Cotton  seems  to  flourish  well,  though  it  is  not  cultivated  in  com- 
mercial quantities.  The  cotton  plants  noted  were  almost  as  large  as 
apple  trees,  being  from  8  to  12  feet  in  height,  with  a  stem  2  to  3  inches 
in  diameter  at  the  base.  (See  PI.  XIV,  A.)  The  flowers  and  pods 
were  numerous,  and  the  latter  well  filled  with  a  long  staple  cotton 
apparently  as  fine  as  the  best  grown  in  the  Southern  States. 

A  variety  of  upland  rice  peculiar  to  the  island  is  cultivated  in  the 
interior  hills,  and  grows  without  irrigation  or  inundation.  At  present 
but  little  is  produced,  because  the  Spanish  have  discouraged  its  culti- 
vation in  order  to  increase  the  importation  of  rice  from  Spain.  A 
plant  called  the  yautia  is  one  of  the  staple  vegetable  foods  of  the 
people,  and  is  grown  on  the  humid  side  of  the  island  in  large  fields, 
much  as  cabbage  is  cultivated  in  the  United  States.  It  is  the 
Caladium  esculentiim,  and  grows  to  a  height  of  2  to  3  feet.  It  con- 
sists chiefly  of  wide-spreading,  heavy,  green  leaves,  12  to  20  inches 
in  length,  in  appearance  not  unlike  those  of  the  plantain.  (See  PI 
XV,  A,)  These  are  stewed  and  eaten  as  is  cabbage  or  spinach,  or 
are  boiled  as  is  okra  in  soups. 

Another  staple  food  is  the  plantain,  which  is  baked  when  green,  and 
is  the  bread  of  the  people.  There  are  many  varieties  of  plantains 
and  bananas,  both  cultivated  and  wild.  No  attempt  seems  to  have 
been  made,  however,  to  grow  those  varieties  which  are  in  favor  in  the 
markets  of  the  United  States  or  Europe,  and  none  ai-e,  therefore, 
exported.  This  should  become  one  of  the  greatest  of  the  agricultural 
products  of  the  island,  both  for  home  consumption  and  for  export, 
when  means  of  rapidly  conveying  the  same  to  the  coast  are  available 
through  the  construction  of  good  highways,  and  when  the  people 
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learu  to  produce  such  varieties  as  are  in  demand  abroad.  The  seed 
stock  at  present  used  is  poor  and  run  out,  |;he  bananas  yielding  only 
2  or  3  hands  deep  instead  of  10  to  15  hands,  as  they  must  for  export. 
Bananas  and  plaintains  are  grown  generally  throughout  the  island. 
They  are  cultivated  most  extensively  on  the  hill  slopes,  being  rarely 
seen  on  the  alluvial  lands  and  in  the  valley  bottoms.  On  the  humid 
side  of  the  island  these  plants  are,  with  cocoanut  palms,  the  most 
prominent  features  of  the  landscape.  (See  PL  VII,  B,)  They  are 
scattered  on  every  hillside,  being  grown  sometimes  in  orchards,  but 
more  generally  in  various  portions  of  fields  with  other  crops  and  in 
gardens.  On  the  arid  side  of  the  island  they  are  seen  less  frequently 
Hnd  at  the  lower  altitudes  quite  rarely. 

Another  of  the  more  abundant  and  valuable  fruit  trees  is  the  cocoa- 
nut  palm.  The  fruit  is  large  sized  and  well  flavored,  and  extensively 
consumed  when  green.  But  little  is  exported,  though  the  husks  are, 
to  a  moderate  extent.  This  tree  also  flourishes  everywhere  and  pro- 
duces well. 

Oranges,  like  bananas  and  cocoanuts,  grow  wild  and  cultivated 
everywhere  with  great  luxuriance;  so  also  do  lemons  and  limes.  ,A 
cultivated  variety  of  oranges,  which  is  used  to  a  small  extent  in  shad- 
ing coffee,  is  unusually  juicy  and  well  flavored  and  is  the  equal  of  the 
best  produced  in  the  United  States.  Yet  none  are  exported,  and  such 
few  as  are  gathered  are  a  drug  on  the  home  market  and  are  sold  at 
the  rate  of  from  two  to  three  for  one  cent. 

Pineapples  are  cultivated  to  a  slight  extent,  chiefly  in  the  south- 
west, about  Cabo  Rojo.  Guayavas  also  are  chiefly  grown  in  the  south- 
western portion  of  the  island,  though  they  are  not  cultivated  to  the 
extent  one  would  expect.  From  them  is  made  guayava  jelly,  which 
is  a  popular  confection  with  the  inhabitants  and  finds  also  ready 
market  in  the  United  States.  Less  abundant  are  the  aguacate  or 
alligator  pear  (Persea),  the  guanavana,  called  in  Central  America 
'^chiramolla  "  and  "custard  apple"  (Anona);  the  mango,  the  marmey 
or  bread  fruit  (Mammea),  and  a  variety  of  others.  All  of  these  fruits 
and  vegetables  are  extensively  consumed  by  the  people  and  are  for 
sale  in  all  the  city  markets.     (See  PI.  XIV,  B. ) 

FORESTRY. 

The  forest  resources  of  the  island  have  been  practically  exhausted. 
The  country  has  been  so  long  densely  inhabited  and  under  cultivation 
that  practically  all  the  virgin  timber  has  been  removed,  and  some  of 
the  native  trees  are  so  rare  that  specimens  of  them  can  scarcely  be 
found.  Practically  all  of  the  more  valuable  hard  woods,  which  are 
abundant  in  Haiti  and  eastern  Cuba,  are  indigenous  on  this  island. 
The  whole  surface  of  the  country,  especially  on  the  higher  moun- 
tain slopes,  is  well  covered  with  trees.  The  woods  consist  chiefiy 
of  the  artificial  and   natural  shade  trees,   under  which    coffee  is 
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planted.  (See  PI.  XII,  C. )  The  more  important  of  these  trees  are  the 
guama  {Inga  laxirinea)^  guava  {Inga  vera),  bucare  {Erythrina  hucare)^ 
and  maga  {Thespesia  grandiflora).  These  trees  are  of  little  value  for 
their  lumber,  as  their  trunks  are  but  4  to  7  inches  in  diameter,  are  not 
straight,  and  branch  about  10  to  15  feet  from  the  ground,  reaching  a 
height  of  30  to  50  feet.  The  maga  has  some  value  for  timber;  the 
wood  is  hard,  can  be  worked  without  great  difficulty,  and  is  used  to  a 
limited  extent  in  the  construction  of  furniture  and  for  similar  pur- 
poses. 

The  most  abundant  of  the  precious  hard  woods  is  the  ausubo,  resem- 
bling teak  or  mahogany.  Trees  of  this  kind  are  found  in  many  x>ortion6 
of  the  island,  and  it  is  used  extensively  in  making  bullock  carts,  the 
spokes  and  poles  of  these  being  always  of  ausubo.  It  is  also  used  for 
beams,  rafters,  and  upright  posts  in  buildings.  Two  varieties  of  Span- 
ish cedar,  the  hard  and  soft  cedar,  occur,  but  both  are  rare — a  12-inch 
plank,  1  inch  thick  and  12  feet  long,  being  valued  in  the  mountains 
at  $1.  Another  of  the  more  abundant  woods  is  the  guaraguao,  which 
is  used  chiefly  in  making  board  flooring  and  is  valtied  at  about  50 
cents  per  plank.  Another  wood  employed  in  board  flooring  is  the 
capa  prieta.  An  excellent  furniture  wood,  strong  and  hard  but  very 
rare,  is  the  capa  blanca.  The  mauricio  is  a  very  durable  yellow  wood 
used  for  parts  of  machinery,  for  the  hubs  of  carts,  and  for  similar 
purposes.  A  wood  which  does  not  easily  decay,  and  is  therefore  use<l 
for  posts  and  such  purposes  as  require  insertion  in  the  ground,  is  the 
higureillo.  Among  other  of  the  native  woods  are  the  nonfragrant 
sandalwood,  laurel,  near,  algarrobo,  palosanto,  and  bamboo.  (See 
PI.  XV,  B.) 

All  of  these  woods  are  so  scarce,  however,  that  the  larger  portion  of 
the  timber  used  in  structures  is  imported.  The  most  extensive  import 
of  wood  is  common  spruce,  hemlock,  and  pine  from  Nova  Scotia. 
Many  of  the  older  buildings  of  the  island  are  of  native  woods,  but  all 
of  those  which  have  been  recently  constructed  have  been  built  chiefly 
of  imported  lumber.  Only  two  sawmills  of  any  capacity  were  seen  on 
the  island,  one  in  San  Juan  and  the  other  in  Ponce,  and  both  were 
engaged  in  cutting  up  cedar  wood  for  cigar  boxes  and  in  making  parts 
of  wagons  and  of  machinery  from  ausobo.  In  the  mountains  in  a 
few  places  old-fashioned  whipsaw  pits  were  seen,  at  which  mahogany 
planks  were  being  cut  out  of  rough  logs.  These  wei^e  then  hauled  by 
horses  over  muddy  trails  for  many  miles  to  the  cities  in  which  the}' 
were  to  be  used.     (See  PL  XIV,  C.) 

Aside  from  the  few  scattered  hard-wood  trees  which  grow  on  the 
slopes  of  the  more  inaccessible  mountains  there  are  a  few  rather 
extensive  pieces  of  woodland.  The  most  important  of  these  is  on  the 
eastern  end  of  the  Sierra  de  Luquilla,  which  is  heavily  covered  with 
virgin  forest.  East  of  Ponce,  about  Santa  Isabel  and  Salinas  and  in 
the  extreme  southwest  near  Cabo  Rojo,  are  some  extensive  areas  of 
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woodland.  The  amount  of  merchantable  timber  which  is  left,  how- 
ever, is  too  small  to  render  this  an  important  element  among  the 
natural  resources  of  the  island. 

WATER   POWER   AND   SUPPLY. 

The  volume  of  water  available  for  utilization  either  aA  supply  for 
domestic  purposes  in  the  various  cities  or  for  conversion  into  power 
through  the  agency  of  water  wheels  is  relatively  great.  While  this 
is  especially  true  of  the  north  side  of  the  island,  it  applies  also  in  a 
measurable  degree  to  the  south  side,  for,  while  on  the  latter  side  the 
streams  do  not  discharge  large  volumes  during  the  dry  season,  there 
is  more  water  in  them  near  their  sources  in  the  mountains  than 
reaches  the  lowlands,  because  of  loss  through  evaporation  and  perco- 
lation. 

All  of  the  cities  of  any  size  are  provided  with  some  form  of  domestic 
supply.  At  present,  in  San  Juan,  this  is  chiefly  from  rainfall.  The 
same  is  true  of  most  of  the  cities  which  are  on  the  humid  side  of  the 
island,  though  in  some  cases  the  rain  water  which  is  caught  in  tanks 
is  supplemented  by  gravity  supplies.  In  no  city,  however,  is  there  a 
water  supply  of  modern  type  at  all  commensurate  with  the  require- 
ments of  a  tropic  climate.  Not  only  is  the  supply  for  domestic  use 
insuf&cient  in  every  case,  but  there  is  practically  no  supply  available 
for  fire  engines,  for  the  flushing  of  house  plumbing,  or  for  washing 
streets  and  flushing  gutters. 

A  new  water  supply  is  being  provided  for  the  city  of  San  Juan. 
This  was  commenced  under  the  Spanish  authorities  and  is  now  being 
pushed  to  completion  by  officers  of  the  United  States.  It  is  well 
designed  after  several  years  of  survey  and  investigation.  The  supply 
comes  from  the  Rio  Piedras,  about  6  miles  above  San  Juan,  where  it 
Ls  diverted  into  a  short  canal,  which  carries  it  into  settling  reservoirs, 
each  of  which  has  a  capacity  of  one  and  one-half  days'  supply,  at 
the  rate  of  35  gallons  per  head.  Thence  the  water  flows  into  filter 
beds,  whence  it  is  pumped  to  a  distributing  reservoir  110  feet  high. 
From  this  it  will  be  conducted  in  underground  mains  and  distribu- 
taries to  the  various  houses  in  the  city. 

Ponce  receives  a  gravity  water  supply  from  the  Rio  Portugues, 
whence  it  is  diverted  about  9  miles  above  the  city  and  conducted  in 
masonry  conduits  and'  underground  iron  distributaries  to  the  more 
important  streets.  On  a  hill  back  of  the  hospital  in  the  outskirts  of 
Ponce  is  a  small,  covered,  distributing  reservoir.  This  has  not  been 
cleaned  in  many  years  and  is  so  foul  that  its  use  has  been  abandoned. 
Mayagnez,  which  is  in  fact  the  best  provided  city  on  the  island,  also 
receives  a  gravity  supply.  This  is  from  the  Rio  Mayaguez,  the  peren- 
nial discharge  of  which  is  sufficient  for  the  present  requirements  of 
the  inhabitants. 
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Most  of  the  smaller  cities,  as  Aibonito,  Ad  juntas,  Lares,  etc.,  have 
gravity  supplies  of  water  piped  to  them  from  neighboring  streams,  but 
the  volume  of  water  supplied  is  rarely  greater  than  can  be  easilj'  car- 
ried in  a  2-inch  pipe.  No  difficulty  either  of  an  engineering  or  financial 
nature  should  be  encountered  in  supplying  these  cities  with  abundant 
quantities  of  wholesome,  potable  water.  Near  every  city  there  is 
sufficient  water  available  in  one  or  more  of  the  rivers,  and  this  can 
invariably  be  diverted  at  sufficient  altitude  to  permit  its  being  ferried 
by  gravity  into  the  cities.  The  natural  conditions  in  nearly  every 
case  are  such  as  should  insure  the  procurement  of  such  water  supplies 
at  relativelv  small  cost. 

The  opportunities  for  the  generation  of  power  are  also  superabun- 
dant, and  the  use  which  has  thus  far  been  made  of  them  is  insignifi- 
cant. The  amount  of  water  available  for  conversion  into  power  is 
evident  from  a  consideration  of  the  discharge  of  the  various  streams, 
as  already  stated,  and  the  great  height  from  which  the  water  falls  in 
but  comparatively  fe\^  miles.  Streams  which  have  a  minimum  vol- 
ume of  50  to  150  second-feet  at  an  altitude  of  1,000  to  1,500  feet  fall 
to  within  100  feet  of  sea  level  in  a  distance  of  5  to  10  miles.  Conse- 
quently there  are  many  steep  rapids,  cascades,  and  high  falls  in  their 
<50ur8es,  and  it  is  necessary  to  convey  the  water  in  flumes  or  ditches 
but  relatively  short  distances  to  obtain  such  head  as  will  produce  all 
the  power  of  which  use  can  be  made.  Finally,  the  width  of  the 
banks  of  these  streams  within  the  mountain  gorges  is  so  small  and 
their  surfaces  are  composed  so  largely  of  rocks  and  bowlders  that 
there  will  be  little  difficulty  or  expense  connected  with  the  diversion  of 
the  water  through  dams  and  head  works.  Already  one  American  cor- 
poration has  purchased  and  obtained  control  of  one  or  more  water 
powers  on  the  Rios  Plata  and  Arecibo.  The  amount  of  power 
which  will  be  obtained  from  these  has  been  estimated  as  from  500  to 
1,000  horse-power  per^concession. 

TRANSPORTATION    FACILITIES. 

The  development  of  the  agricultural  resources  of  the  island  is 
necessarily  dependent  largely  on  facilities  for  transporting  products 
to  the  coast  for  shipment  and  of  returning  thence  purchases  made  in 
the  coast  towns.  At  present  the  island  is  less  adequately  provided 
with  good  wagon  roads  than  is  the  more  sparsely  inhabit.ed  and  most 
inaccessible  portion  of  the  mountainous  Western  States.  There  is  but 
one  good  road  across  the  island  and  some  pieces  of  fairly  good  road 
around  the  coast.  The  latter  are,  however,  disconnected.  In  addition, 
there  are  about  the  coast  several  long  but  disconnected  pieces  of 
railroad.  The  railroads  are  of  French  construction  and  operation. 
They  are  of  very  narrow  gage,  1  meter  or  less.  There  are  about  l-U^ 
miles  of  such  railroad  in  operation,  including  a  short  stretch  from 
San  Juan  eastward  to  Carolina;  another  from  the  same  point  westward 


^'"^■]  TRANSPOBTATrON   PACIL1TIE8.  45 

u>  a  little  beyoiid  Arecibo;  a  section  betweeu  Agnadilla,  Mayaguez, 
and  Hormi^eros;  one  between  San  Sebastian  and  ASasco,  and  another 
from  PoDce  to  Yauco.  The  locomotives  are  light,  the  care  small  and 
ot  trifling  capacity,  and  the  trains  run  but  once  in  every  day  or  two 
and  consist  of  but  two  or  three  cars. 

The  roads  are  divided  into  three  classes:  First,  military  roads,  of 
H'hich  there  are  about  285  miles.     These  are  all  well  graded  and  well 
surfaced  with  macadam  and  are  kept  in  fairly  good  repair.    (PI.  XIV, 
D.)    .Moreover,  they  cross  the  various  drainage  channels  on  well-eon- 
stnicled  masonry  bridges  and  culverts  (see  PI.  XVII,  ^),  often  girdliu^ 
Itie  mountain  sides  in  great  cuts,  blasted  out  of  the  sides  of  the 
precipitous  slopes  (see  fig. 
'(*).    Aside  from  the  road 
from  San  Juan  to  Ponce, 
the  other  portions  of  this 
first-class  road  are  near  the 
coast,  including  a  stretch 
between    Arecibo,    Agua- 

dillu,  and  Mayaguez;   an- 
other  between  Mayaguez 

and  Yauco;  andstillothers 

between  Rio  Piedras  and 

Carolina  and  between  C»- 

giias,    Juneos,    Humacao, 

and  Naguabo.     A  branch 

of  the  road  which  crosses 

the  island    extends    from  1 

Cayey  to  Guayama.    Aside  j 

from  this  limited  amount 

of  first-class  road  none  on 

'be   island    is   worthy  of 

Mog  called  even  second 

(lass,  though  so  designated 

by  the  Spanish. 
There   are    said   to    be 

aboat  100  miles  of  second-  '^o-  10.-Bockwork  ne»r  J^mto,  suoiinlt  of  mUltiry 
?™de    road ,    including 

stretches  between  Arecibo,  Utuado,  Adjuntas,  and  Ponce,  of  which 
"nly  the  latter  portion  is  in  condition  to  carry  even  the  roughest  cart 
"affic.  (See  PI.  XVI,  A. )  Another  bit  of  cart  road,  over  which  only  the 
lifthteat  loads  can  be  drawn  by  bullock,  is  between  Agnadilla,  San 
Sebastian,  and  Lares.     (See  PI.  XVII,  B.) 

The  third  class  of  roads,  called  cart  roads,  are  oflBcially  stated  as 
f  gregating  over  500  miles  in  length.  None  of  these,  however,  is  iit  for 
other  traffic  than  that  of  pack  animals.  Even  military  roads  furnish 
transportation  facilities  for  only  an  extremely  limited  extent  of  coun- 
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try  to  either  side.  The  moment  one  leaves  such  roads  he  is  compelled 
to  enter  at  once  on  trails  which  climb  the  precipitous  mountain  sides 
with  extremely  steep  grades  or  descend  into  the  deep  stream  gorges. 

The  great  amount  of  rainfall  and  the  peculiarly  slippery  and  sticky 
character  of  the  red-clay  soil  on  the  humid  side  of  the  island  renders 
all  roads  except  those  near  the  southern  coast  and  those  which  are 
macadamized  little  better  than  impassable  morasses.  (See  PI.  XVI,  B.) 
No  wheeled  conveyance  can  travel  such  roads  unless  they  be  provided 
with  far  better  drainage  than  now.  On  the  drier  side  of  the  island, 
especially  over  the  coral  formation  at  the  western  end,  the  roads  are 
filled  with  great  rocks  and  bowlders  (see  PI.  XVI,  C),  and  in  places 
the  soft  coral  rock  is  worn  into  deep  ruts,  rendering  the  roads  impass- 
able now  for  carts.  (See  PI.  XVI,  D.)  On  these  so-called  cart  roads 
even  the  sturdy  pack  animals  have  great  difficulty  in  carrying  rela- 
tively light  burdens  through  clinging  mud  ankle  deep,  or  over  the 
bowlder  and  rock  strewn  surface. 

As  the  bulk  of  the  present  transportation  is  on  pack  animals,  which 
carry  but  150  to  200  pounds  a  trip  and  return  half  laden,  it  is  inter- 
esting to  note  the  present  price  paid  for  handling  freight  in  this  man- 
ner. Between  the  more  distant  points  over  which  pack  journeys  are 
made  $1  per  hundredweight  is  paid  each  way  and  50  cents  per  hun- 
dredweight is  the  least  rate,  even  for  a  very  short  haul.  From  the 
neighborhood  of  Adjuntas  to  Yauco  and  Ponce  the  rate  is  II  per 
hundredweight.  One  of  the  largest  cojQfee  plantations  on  the  island, 
that  of  Mariani  Sons,  pays  from  $1  to  $1.50  per  hundredweight  for 
transportation.  Those  in  the  neighborhood  of  Lares  pay  as  much  as 
$2  per  hundredweight  for  transportation  to  Mayaguez,  and  those  of 
Tres  Hermenos  pay  75  cents  per  hundredweight.  Sugar  is  conveyed 
from  boiling  houses  to  the  nearest  shipping  points  usually  in  15-hun- 
dredweight  hogsheads,  which  can  be  carried  on  bullock  carts  over  the 
better  roads  found  near  the  coasts.  The  cost  for  such  haulage  varies 
from  20  to  30  cents  per  hundredweight.  Inferior  as  are  the  railroad 
facilities,  the  difference  in  price  is  shown  by  the  fact  that  railroad 
carriage  costs  but  two-thirds  of  a  cent  per  hundredweight  per  mile. 

The  necessity  for  the  development  of  a  comprehensive  system  of 
first-class  highways  or  railways  is  too  evident  to  require  further  elab- 
oration. Until  such  a  system  is  in  existence  there  is  little  hope  for 
the  development  of  any  of  the  resources  of  the  island  except  coflfee 
and  tobacco,  which  can  be  hauled  at  convenience,  since  they  are  not 
perishable,  and  sugar,  which  is  grown  only  near  the  seacoast  and  at 
places  convenient  to  shipping  points.  The  most  obvious  direction  in 
whiqh  improvement  of  internal  means  of  communications  should  take 
place  is  in  the  construction  of  electric  tramways  as  main  arteries  of 
traffic,  supplemented  by  macadamized  roads  as  feeders.  Material  for 
railway  ballast  and  for  road  metaling  is  abundant  in  ever}'^  part  of 
the  island.  This  consists  chiefly  of  hard  black  limestone  and  of  hard 
coral  rock  and  bowlders. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
WashingtoTiy  December  1,  1899. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Mr.  J.  B.  Lippinoott,  giving  the  results  of  surveys  of  reservoirs  on 
Gila  River,  Arizona,  and  to  recommend  that  it  be  printed  in  the  series 
of  Water-Supply  and  Irrigation  Papers. 

The  investigations  upon  wliich  this  report  is  based  were  originally 
intrusted  to  Mr.  Arthur  P.  Davis,  as  he  was  familiar  with  the  condi- 
tions through  a  preliminary  survey.  Before  the  field  work  was  com- 
pleted, however,  his  services  were  required  by  the  Nicaragua  Canal 
Commission,  to  extend  the  studies  of  the  water  supply  of  Central 
America.  The  responsible  oversight  was  then  intrusted  to  Mr.  J.  B. 
Lippincott,  who  up  to  that  time  had  been  assisting  Mr.  Davis. 

This  report  has  been  written  by  Mr.  Lippincott,  and  his  conclusions 
have  been  verified  by  Mr.  James  D.  Schuyler.  The  latter  has  pre- 
pared a  concise  discussion  of  the  matter,  but  at  this  time  it  is  neces- 
sary only  to  quote  his  general  conclusions  and  recommendations,  as 
follows : 

(1)  That  a  minimum  of  40,000  acr&-feet  of  water  animally  shoald  be  stored  for 
&e  sapply  of  the  Indian  reservation. 

(2)  That  it  is  not  feasible  to  obtain  this  snpply  from  Qaeen  Creek,  althongh 
the  construction  of  the  dam  and  reservoir  proposed  on  the  stream  is  feasible  if  a 
gnfificient  water  sapply  were  available. 

(8)  That  the  Gila  River  is  the  only  available  source  of  permanent  snpply. 

(4)  That  it  is  not  feasible  or  advisable  to  build  a  dam  and  reservoir  on  the  Gila 
for  storing  so  small  a  quantity  as  40,000  acre-feet,  on  account  of  the  rapidity  with 
which  a  small  reservoir  must  be  filled  with  silt. 

(5)  That  it  is  not  feasible  to  construct  a  reservoir  outside  of  the  immediate 
channel  of  the  Gila  River  of  sufficient  capacity  to  provide  for  the  wants  of  the 
Indians,  filling  the  same  annually  by  a  conduit  from  the  river. 

(6)  That  it  is  not  advisable  to  build  a  dam  and  reservoir  on  the  channel  of  the 
river  of  less  capacity  than  one<half  the  total  annual  flow  of  the  river  in  minimum 
years. 

(7)  That  feasible  reservoir  and  dam  sites  exist  on  the  Gila  at  the  Buttes,  River- 
side, and  San  Carlos. 

(8)  That  it  is  not  feasible  to  build  a  masonry  dam  at  the  Buttes,  on  account  of 
the  rotten  quality  of  the  rock,  the  great  depth  to  bed  rock,  and  the  excessive 
height  of  dam  required  to  obtain  a  storage  of  174,000  acre-feet,  or  about  one-half 

the  minimum  flow  of  the  stream. 
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(9)  That  the  oonstmction  of  a  oomtaiiiatioii  rook-fill  and  masonry  dam  is  feasi- 
ble at  the  Battee  at  a  cost  of  $2,648,827,  storing  174,040  acre-feet,  bat  that  it  is  not 
feasible  to  construct  a  dam  of  any  type  of  greater  height  or  capacity. 

(10)  That  the  Bnttes  reservoir  of  the  stated  capacity  may  be  expected  vo  fill 
"with  solid  matter  in  eighteen  years,  unless  dredged  or  sluiced  out. 

(11)  That  it  is  feasible  to  construct  a  masonry  dam  at  Riverside  at  a  cost  of 
$1,089,605,  including  damages  for  right  of  way  and  diversion  dam  at  the  head  of 
the  Florence  canal,  forming  a  reservoir  with  a  capacity  of  221,184  acre-feet. 

(12)  That  it  is  feasible  to  increase  the  height  of  dam  at  the  Riverside  dam  at 
least  70  feet  higher  than  the  one  estimated  upon,  giving  an  ultimate  reservoir 
capacity  of  about  650,000  acre-feet,  which  would  not  be  filled  with  solid  matter 
short  of  sixty-seven  years. 

(18)  That  it  is  feasible  to  construct  a  masonry  dam  at  San  Carlos  at  a  cost  of 
$1,038,926,  including  damages  for  right  of  way  and  diversion  dam  at  the  head  of 
the  Florence  canal,  forming  a  reservoir  of  241,896  acre-feet  capacity,  and  that  the 
water  supply  is  ample  to  till  such  a  reservoir  in  the  years  of  minimum  flow,  and 
that  the  volume  of  storage  will  irrigate  at  least  100,000  acres  in  addition  to  the 
irrigation  of  the  lands  of  the  Indians. 

(14)  That  it  is  feasible  to  construct  a  dam  at  San  Carlos  at  least  70  feet  higher 
than  that  contemplated  in  the  estimates,  forming  a  reservoir  whose  ultimate  capac- 
ity would  be  approximately  550,000  acre-feet  and  whose  probable  life  of  useful- 
ness would  be  sixty-three  years  before  being  filled  with  silt. 

(15)  That  provision  should  be  made  in  the  working  plans  for  these  ultimate 
extensions  suggested  and  the  right  of  way  reserved  in  the  reservoir  basin  for  the 
additional  area  that  may  ultimately  be  flooded. 

(16)  That  the  San  Carlos  dam  should  be  built  as  the  first  step  to  betaken  for  the 
storage  of  water  upon  the  Gila  and  that  all  other  available  sites  should  be  per- 
manently withdrawn  from  entry  with  a  view  to  their  ultimate  utilization  for  stor- 
age purposes. 

(17)  That  the  working  plans  for  the  San  Carlos  dam  should  be  drawn  to  permit 
of  the  complete  utilization  of  all  power  which  may  be  developed  from  the  head  of 
the  water  issuing  from  the  reservoir  and  steps  be  taken  for  realizing  upon  the 
full  conmiercial  value  of  the  power. 

(18)  That  that  portion  of  the  public  domain  which  can  be  irrigated  and 
reclaimed  from  the  surplus  storage  of  the  Gila  River  reservoirs,  over  and  above 
what  is  required  for  the  Sacaton  Indian  Reservation,  should  be  withdrawn  from 
entry,  segregated  into  an  irrigation  district,  provided  with  a  system  of  canals  of 
distribution,  and  only  offered  for  sale  at  a  rate  commensurate  with  their  true 
value  as  irrigable  lands  with  water  rights,  the  proceeds  to  be  placed  in  a  fund  to 
be  used  only  for  continuing  the  improvement,  extension,  and  care  of  reservoirs 
and  storage  dams  on  the  Gila  River. 

In  addition  to  the  investigation  authorized  by  the  act  of  July  1, 
1898,  related  work  wasearried  on  at  the  same  time  under  the  annual 
appropriation  for  measuring  the  streams  and  determining  the  water 
supply,  thus  furnishing  general  information  which  has  been  embodied 
in  the  following  pages.  No  attempt  has  been  made  in  this  paper  to 
discriminate  between  the  data  acquired  by  the  two  classes  of  field 

work. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
lion.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey, 
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STORAGE  OF  WATER  ON  GILA  RIVER,  ARIZONA. 


By  Joseph  Barlow  Lippincott. 


EXISTING  CONDITIONS. 
LOCATION  OF  RESERVATION. 

The  Gila  River  Indian  Reservation  consists  of  a  tract  of  357,120  acres 
lying  on  both  sides  of  Gila  River,  in  southern  Arizona.  It  extends 
from  a  point  about  9  miles  west  of  Florence  to  the  mouth  of  Salt 
River,  the  principal  tributary  of  the  Gila,  and  is  approximately  12  miles 
south  of  Phenix,  the  capital  of  the  Territory.  The  greater  portion  of 
this  reservation  consists  of  land  whose  gentle  slopes  are  well  adapted 
to  irrigation.  From  June  1  to  October  1  the  weather  is  exceedingly 
warm.  The  relative  humidity  of  the  locality,  however,  is  low,  so  that 
the  effect  of  the  heat  is  largely  mitigated,  and  prostrations  from  this 
cause  are  rare.  It  is  probably  as  well  suited  to  occupation  from  a 
climatic  standpoint  as  the  great  valleys  of  central  California  or  the 
southern  Atlantic  coast.  The  winter  season  is  delightful,  the  tem- 
perature seldom  falling  lower  than  20°  F. 

The  lands  of  this  reservation  are  arid,  the  annual  rainfall  being 
between  7  and  9  inches,  a  large  portion  of  the  precipitation  occurring 
during  the  winter  or  nongrowing  months.  The  growth  of  all  crops  in 
this  district  is  wholly  dependent  upon  irrigation,  but  with  water  they 
can  be  raised  in  continuous  rotation,  while  successful  dry  farming  is 
an  impossibility.  What  is  true  of  the  Indian  reservation  also  applies 
to  the  adjacent  lands  of  the  Gila  River  Valley.  Wheat,  barley,  com, 
and  alfalfa  grow  luxuriantly  when  watered.  The  deciduous  fruits 
flourish,  but  winter  temperatures  are  too  low  for  the  citrus  species. 

DESCRIPTION   OF   TRIBES. 

The  Gila  River  Indian  Reservation  is  occupied  chiefly  by  the  Pima 
and  Maricopa  Indians  and  a  limited  number  of  Papagos.  The  first 
knowledge  we  have  of  these  Indians  is  obtained  from  a  narrative  of 
Cabeza  de  Vaca,  a  Spanish  explorer,  who  visited  this  region  about  the 
year  1535,  after  an  adventurous  journey  overland  from  Florida.  This 
traveler  describes  them  very  much  as  they  are  to-day.  They  occupied 
the  same  lands  as  at  present,  and  have  evidently  long  been  industrious 
and  successful  farmers  and  irrigators,  as  they  continued  to  be  for 
many  years  after  the  acquisition  of  Arizona  by  the  United  States. 
Their  average  wheat  crop  was  about  2,000,000  pounds  a  year,  besides 
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which  corn,  pumpkins,  beans,  sorghum,  and  vegetables  were  raised 
in  large  quantities.  They  manufactured  oUas,  or  earthen  jars,  and 
baskets  and  wove  very  fine  blankets  and  cotton  fabrics.  They  lived 
in  small  villages  and  held  their  lands  in  severalty. 

The  Pimas  have  always  been  friends  of  the  whites  and  enemies  of 
the  Apaches.  They  gave  succor  and  assistance  to  the  early  white  set- 
tlers, and  their  doors  were  always  open  to  peaceable  whites  or  Indians 
when  hard  pressed  by  the  savage  foe.  It  is  their  boast  that  their 
hands  were  never  stained  by  the  white  man's  blood.  It  was  under 
such  conditions  that  they  were  joined,  about  a  century  ago,  by  the 
Maricopas,  who  came  as  fugitives  from  the  more  powerful  Yuma  tribe. 
When  the  belligerent  Apaches  gave  trouble  to  the  settlers,  the  United 
States  troops  sometimes  obtained  substantial  aid  and  comfort  from  the 
Pimas  in  the  way  of  subsistence. 

The  agriculture  of  the  Pima  Indians  was  carried  on  entirely  by  irri- 
gation with  water  diverted  from  Gila  River.  These  tribes  have  always 
supported  themselves,  and  their  progress  toward  civilization  has  been 
regarded  as  one  of  the  encouraging  features  of  the  Indian  problem. 
During  the  last  ten  years,  their  irrigating  water  having  been  taken 
away  from  them,  they  have  lapsed  into  indolence,  want,  and  vice. 

DECREASE  OF  WATER  SUPPLY. 

Their  condition  of  prosperity,  industry,  and  independence  contin- 
ued until,  by  the  settlement  of  the  Gila  Valley  above  the  reservation, 
the  water  supply  was  partly  cut  off  and  began  to  be  deficient  for  the 
cultivated  lands  on  the  reservation.  No  very  serious  shortage 
occurred,  however,  until  after  the  construction  of  the  Florence  CAnal 
and  its  diversion  dam,  heading  about  15  miles  above  the  eastern  limit 
of  the  reservation  on  Gila  River.  When  this  canal  was  projected, 
early  in  the  year  1886,  Agent  Wheeler  called  the  attention  of  the 
Department  of  the  Interior  to  the  fact  that  if  the  construction  of  this 
canal  were  permitted,  it  "would  practically  destroy  the  farms  of  the 
Pima  and  Maricopa  Indians  living  on  the  river,"  and  that  the  effect 
would  be  to  render  the  Indians  helpless  and  destitute,  the  water  being 
absolutely  necessary  to  their  existence.  On  March  2, 1886,  the  subject 
was  referred  by  the  Department  to  the  Attorney-Greneral,  who  directed 
the  United  States  district  attorney  for  Arizona  to  take  the  necessary 
steps  to  protect  the  Indians  from  the  effects  of  the  projected  canal.  The 
matter  was  delayed  until  July  of  the  same  year,  when  the  Director  of 
the  Greological  Survey  was  instructed  by  the  Secretary  of  the  Interior 
to  investigate  and  report  to  the  Department  the  effect  which  the  pro- 
posed canal  would  be  likely  to  have  upon  the  water  supply  for  the 
Indian  reservation.  As  a  result  of  the  investigation  the  following 
facts  were  established : 

(1)  That  the  water  stipply  of  the  Pima  and  Maricopa  reservationa  under 
present  conditions  is  no  more  than  sufficient  for  the  wants  of  the  Indians. 
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(2)  That  the  coDStmctioii  of  a  dam  by  the  Florence  Canal  Company  of  the  char- 
acter repreeented  in  the  correepondenoe  will  give  the  control  snbfltantiaTly  of  all 
the  water  of  the  GKla  River;  and  if  the  owners  of  the  dam  carry  the  water  right 
also,  they  can  deliver  the  water  to  the  reeervation  or  not,  as  best  snlts  their  plans, 

(3)  That  the  lands  ontside  the  reservation  which  conld  be  economically  supplied 
with  water  by  such  a  canal  greatly  exceed  in  area  the  amount  that  the  river  is 
capable  of  supplying,  and  that  the  company,  with  the  water  rights  establishedt 
would  own  the  water,  with  a  demand  far  exceeding  the  supply,  and  the  GK>vem- 
ment  would  have  to  approach  them  as  a  competitor  in  the  market  to  obtain  a  sup- 
ply for  the  Indians  of  the  reservation. 

(4)  That  if  the  water  supply  from  the  river  be  shut  off,  the  Indian  reservatioa 
woidd  become  uninhabitable. 

(5)  If  the  dam  and  canal  should  be  constructed,  the  present  and  immediate 
prospective  needs  of  the  reservation  might  be  supplied  therefrom,  and  there  would 
be  some  surplus  water  to  be  used  for  irrigating  lands  outside  the  reservation. 

(6)  That  if  the  agriculture  of  the  Indians  residing  on  the  reservation  is  to  have 
normal  growth,  and  it  be  the  intention  to  settle  other  Indians  of  the  neighborhood 
who  are  not  supplied  with  agricultural  lands  on  the  reservation,  the  g^reater  part, 
and  perhaps  the  whole,  of  the  waters  of  the  GKla  will  be  necessary  therefor. 

As  a  result  of  this  report  the  Department  of  Justice  was  again 
requested  to  take  such  steps  as  would  be  necessary  to  prevent  the 
diversion  of  waters  of  Gila  River  to  the  injury  of  the  Indians  of 
the  Pima  and  Maricopa  reservations.  Some  offers  of  compromise 
were  made  by  the  canal  company,  and  legal  steps  were  held  in 
abeyance  until  the  canal  was  constructed,  and  no  successful  attempt 
was  ever  made  to  prevent  the  diversion  of  the  river  by  the  Florence 
canal  or  to  compel  such  diverters  to  supply  the  Indians  with  water 
for  irrigation,  and  the  matter  was  finally  allowed  to  drop  by  the 
Department  of  Justice.  The  result  of  the  diversion  was  to  deprive 
the  Indians  of  the  greater  portion  of  their  water  supply  during  the 
period  when  the  water  was  most  needed  to  mature  their  crops.  The 
shortage  has  been  greater  some  years  than  others,  depending  to  a  cer- 
tain extent  upon  the  season,  whether  abnormally  dry  or  otherwise, 
but  in  general  there  has  been  a  progressive  decrease  of  the  water  sup- 
ply for  the  reservation,  due  originally,  in  great  measure,  to  the 
diversion  by  the  Florence  canal. 

Recent  events  have,  however,  altered  the  aspect  of  the  question, 
from  the  fact  that  the  supply  for  the  Florence  canal  itself  is  now  short, 
owing  to  the  diversion  for  irrigation  far  above  that  point,  chiefly  in 
Graham  and  Cochise  counties,  Arizona.  The  solution  of  the  problem 
has  become  more  difficult  by  reason  of  its  postponement  and  the  con- 
dition of  the  Indians  more  deplorable.  Year  after  year  they  plowed 
and  sowed  and  irrigated  their  crops,  only  to  have  them  destroyed  by 
drought  before  maturity  by  lack  of  sufficient  irrigation  water  in  the 
drier  months.  Naturally  they  have  become  discouraged  by  these 
fruitless  efforts,  and  great  demoralization  has  resulted.  A  few  who 
are  favorably  located  at  points  where  water  appears  in  the  dry  bed  of 
the  Gila  can  still  mature  their  crops;  a  few  others  are  able  to  eke  out 
an  existence  by  hauling  wood  or  other  precarious  employments,  while 
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the  larger  number  have  become  more  or  less  dependent  upon  charity 
or  have  degenerated  into  thieves  and  vagabonds. 

NECESSITY  FOR  RELIEF. 

On  March  27,  1895,  Mr.  J.  Roe  Young,  United  States  Indian  agent 
at  Sacaton,  made  a  terse  statement  of  the  ease  to  the  Indian  Bureau, 
closing  his  letter  with  the  following  recommendation: 

What  is  best  to  be  done  I  do  not  know.  I  recommend,  however,  that  a  com- 
petent, thorough,  and  skillful  engineer,  well  acquainted  with  irrigation  ques- 
tions, be  employed  to  ascertain  and  report,  first,  whether  or  not  under  existing 
conditions  a  supply  of  water  adequate  to  the  needs  of  these  Indians  can  be 
obtained  and  retained  permanently,  and  then,  if  such  a  supply  can  be  obtained, 
what  is  the  best,  most  feasible,  practicable,  and  economical  method  of  doing  so. 
To  properly  do  this  the  engineer  should  examine  carefully  the  past  and  present 
condition  and  flow  of  the  Gila  River,  the  amount  of  water  which  formerly  passed 
through  this  reservation,  and  the  amount  we  are  now  receiving;  the  number  and 
amount  of  inches  of  water  for  which  charters  for  ditches  have  been  granted  in  the 
different  counties  through  which  the  Gila  flows,  and  the  amount  of  water  taken 
out  under  these  charters,  together  with  the  number  of  such  charters  now  legally 
in  force;  the  underground  currents  and  rock  strata  along  the  river,  and  all  mat- 
ters which,  taken  together,  may  lead  to  some  solution  of  this  question.  I  have  been 
unable  to  get  an  estimate  of  what  amount  such  an  investigation  and  report  will 
cost,  but  I  would  suggest  that  the  sum  of  $5,000  be  set  apart  from  any  appropria- 
tion available  for  this  purpose.  Conipetent  and  first-class  engineers,  with  ability 
to  make  such  a  report  as  this  case  requires,  are  scarce  and  high-priced,  and  they 
have  to  be  well  paid.  It  would  be  money  thrown  away  to  employ  a  man  not 
thoroughly  posted. 

This  matter  should  be  taken  up  soon,  in  order  that  we  may  know  what  to  expect 
for  next  year. 

Mr.  Elwood  Hadley,  who  is  now  (1899)  the  Indian  agent  at  Sacaton, 
in  describing  the  present  condition  of  the  Indians  of  the  Gila  River 
Reservation,  writes  as  follows,  under  date  of  September  25,  1899: 

Approximately  6,000  Indians— Pimas,  Papagos,  and  Maricopas— are  dependent 
for  their  subsistence  upon  the  lands  of  the  Gila  River  Reservation,  which  reserva- 
tion contains  357,120  acres.  It  is  estimated  that  half  of  the  land  could  be  made 
productive  with  water  to  irrigate  it.  The  water  supply  in  the  Gila  River  the 
present  season,  owing  to  its  use  for  lands  above  us,  has  not  been  sufficient  to  irri- 
gate 1,000  acres.  Fully  half  the  crops  planted  have  not  produced  enough  for 
seed.  This  land  is  very  fertile.  The  condition  of  affairs  here  shows  that  in  the 
past  three  years  there  has  been  a  large  falling  off  in  the  water  supply  for  irrigar 
tion.  The  reason  is  apparent  in  the  absorption  of  the  water  by  additional  cultivated 
lands  above. 

I  notice  in  the  Indians  a  restlessness  as  they  realize  their  helpless  condition,  and 
and  am  often  confronted  with  the  solicitous  queries,  What  are  we  to  do?  If  we 
plant  what  we  have,  what  assurance  have  we  of  getting  it  back?  Under  favorable 
conditions  these  Indians,  being  agricultural  and  pastoral,  would  soon  become  inde- 
pendent, prosperous,  civilized  citizens.  Otherwise,  discouragement,  hunger,  and 
destitution  are  their  lot.  A  nomadic  life  being  taken  on,  their  old  tribal  nature 
asserts  itself,  and  the  expenditures  hitherto  made  and  being  made  by  the  Govern- 
ment for  their  education  and  improvement  prove  a  curse  to  them  rather  than  a 
blessing. 

It  is  now  necessary  to  issue  considerable  subsistence  to  the  Indians  whose  crops 
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have  been  a  failure,  and  this  aid  will  have  to  be  largely  increased  under  the  exist- 
ing limited  water  supply.  A  supply  of  water  would  permit  of  the  Pima  boarding 
school  establishing  a  model  farm,  greatly  reducing  the  cost  of  maintaining  the 
school  of  200  pupils,  and  be  a  most  valuable  educational  factor  in  the  school  life  of 
the  pupils.  The  available  Indian  labor  in  the  construction  of  the  reservoir  is  an 
important  factor,  as  it  is  much  better  to  provide  them  labor  with  pay  than  keep 
them  as  xMiupers.  These  Indians  are  willing  to  work,  and  their  moral  status  is 
good.  Their  attitude  toward  the  United  States  has  always  been  friendly.  They 
have  saved  the  Gkyvemment  in  protecting  the  early  settlers  from  the  ravages  of  the 
Apaches.  They  have  kept  themselves  within  the  bounds  of  law  and  order,  and 
they  are  now  left  upon  the  desert  without  water.  Humanity  speaks,  economical 
administration  for  the  sustenance  of  the  Indians  speaks,  and  Nature,  in  her  wise  pro- 
visions, says,  '^  Let  man's  means  and  intelligence  be  made  operative,  that  these 
Indians,  whose  claims  are  meritorious,  be  reinstated  in  self -sustenanoe  and  lifted 
to  the  plane  of  proeperous  American  citizens." 

INVESTIGATION  IN  1896. 

In  November,  1895,  the  Secretary  of  the  Interior  instructed  the 
Director  of  the  Geological  Survey  to  detail  a  civil  engineer  to  make 
the  examination  recommended,  and  Mr.  Arthur  P.  Davis,  hydrog- 
rapher,  was  accordingly  assigned  to  this  task,  in  which  he  was  assisted 
by  Mr.  Cyrus  C.  Babb,  assistant  hydrographer,  and  Mr.  J.  B.  Lippin- 
cott,  resident  hydrographer  for  California.  Six  months  of  time  and 
$3,500  were  expended  in  the  field  on  the  preliminary  investigation, 
and  a  report  was  submitted  in  1896,*  entitled  The  Report  on  Irriga- 
tion Investigation  for  the  Benefit  of  the  Pima  and  Other  Indians  on 
the  Gila  River  Indian  Reservation,  Arizona. 

It  was  proposed  to  construct  a  dam  of  masonry  to  the  height  of  170 
feet  above  the  bed  of  the  river,  at  which  height  natural  facilities 
occur  for  the  discharge  of  surplus  waters  through  adequate  spill- 
ways. This  would  afford  a  storage  of  about  200,000  acre-feet  of 
water  below  the  fiow  line  of  160  feet  above  the  bed  of  the  river.  The 
provisional  estimate  of  the  cost  of  this  project  aggregated  $2,244,000. 
The  great  uncertainty  attaching  to  this  project  was  the  location  of 
bed  rock  at  a  great  but  unknown  depth.  Numerous  reports  were 
obtained  of  soundings  varying  from  40  to  50  feet  in  depth  without 
striking  bed  rock. 

Inquiry  showed  that  it  would  be  impossible  to  obtain  suitable  drill- 
ing machinery  for  a  thorough  exploration  of  the  foundation,  and  as  a 
preUminary  makeshift  the  method  of  sounding  by  driving  rods  was 
resorted  to.  Rods  were  driven  in  eleven  places,  at  intervals  of  40 
feet,  in  the  proposed  dam  site,  eight  of  the  soundings  being  50  feet  or 
more  and  one  reaching  the  depth  of  65  feet.  It  was  impossible  with 
the  means  at  Iiand  to  determine  whether  or  not  the  rods  had  reached 
bed  rock,  but  the  preliminary  estimates  were  made  on  the  hypothesis 
that  the  depth  of  rock  was  65  feet,  and  in  the  report  of  the  work  it 
was  recommended  that  "thorough  exploration  should  be  made  with 
a  core  drill  before  beginning  of  construction  of  the  dam." 

>  Senate  Doc  No.  27,  Fifty-fourth  Congress,  second  session. 
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INVBSTIGATXOM   IN   xagft. 

For  the  purpose  of  continuing  the  investigation  along  the  lines  ree- 

pmmended  by  Mr.  Davis  a  paragraph  was  inserted  in  the  act  making 

appropriation  for  current  and  contingent  expenses  in  the  Indian 

Department,  approved  July  1,  1898,  as  follows: 

For  ascertaining  the  depth  of  the  hed  rock  at  a  place  on  Gila  River,  in  Gila 
County,  Arizona,  known  as  the  Bnttes,  and  particularly  descrihed  in  the  Senate  Doc- 
ument Number  Twenty-seven,  Fifty-fourth  Congress,  second  session,  and  for  ascer- 
taining the  feasibility  and  estimating  in  detail  the  cost  of  the  construction  of  a 
dam  across  the  river  at  that  point  for  the  purpose  of  irrigating  the  Sacaton  Reser- 
vation, and  for  ascertaining  the  average  daily  flow  of  water  in  the  river  at  that 
point,  twenty  thousand  dollars,  or  so  much  thereof  as  may  he  necessary,  the  same 
to  be  expended  by  the  IXrector  of  the  United  States  G^logical  Survey,  under  the 
direction  of  the  Secretary  of  the  Interior:  Provided,  That  nothing  herein  shall  be 
construed  as  in  any'  way  committing  the  United  States  to  the  construction  of  said 
dam;  and  said  Director  shall  also  ascertain  and  report  the  feasibility  and  cost  of 
the  Queen  Creek  project  mentioned  in  said  Senate  document. 

In  order  to  carry  out  the  provisions  of  this  act  stream  measure- 
ments were  begun  on  Gila  River  at  the  Buttes  and  on  Queen  Creek 
at  the  site  of  the  proposed  dam,  in  November,  1898,  and  have  been 
maintained  to  date  (October,  1899).  As  the  site  at  the  Buttes  was 
inaccessible  by  heavy  wagons,  a  road  was  built  to  facilitate  the  trans- 
I)ortation  of  machinery  to  the  site  for  drilling.  Bids  were  invited  by 
advertisement  for  the  exploration  of  bed  rock,  but  were  rejected,  as 
it  was  found  that  the  amount  of  drilling  desirable  Would,  under  the 
most  favorable  proposal,  cost  more  than  the  available  funds.  Two 
diamond  drills,  a  few  diamonds,  and  two  pipe-driving  machines  were 
loaned  to  the  Survey  for  this  work  by  the  Nicaragua  Canal  Commis- 
sion, and  borings  were  begun  at  the  Buttes  in  January,  1899. 

Twenty-five  holes  were  put  down  to  bed  rock  at  the  Buttes  with  a 
diamond  core  drilling  apparatus.  These  holes  were  distributed  up 
and  down  the  narrow  portions  of  the  canyon  in  oi'der  to  determine 
the  most  acceptable  point  for  the  location  of  the  dam.  The  depths 
reached  were  unexpectedly  great.  This  work  is  described  in  detaU 
under  the  account  of  the  diamond  core  drill  borings  on  page  48. 
The  maximum  depth  reached  by  any  of  the  holes  was  122.6  feet 
to  bed  rock.  Because  of  this  great  depth  an  effort  was  made  to  find 
another  location  for  a  dam  that  could  utilize  the  Buttes  reservoir 
site  as  filed  upon  under  the  United  States  laws.  The  appearances 
were  favorable  for  the  proximity  of  bed  rock  to  the  surface  near 
the  head  of  the  Florence  canal,  3^  miles  below  the  Buttes,  where 
the  canyon  is  quite  wide,  but  where  outcroppings  of  rock  in  places 
occur.  The  depth  to  bed  rock  at  this  site — 82  feet  2  inches — as 
determined  by  borings  shown  on  the  map,  PI.  VIII,  By  was  too  great 
to  justify  the  location  of  the  dam  at  this  place.  The  portion  of  the 
canyon  was  contoured  between  the  old  reservoir  survey,  which  began 
at  the  Buttes  dam  site  proper  and  the  head  of  the  Florence  canal,  bo 
that  a  revised  capacitv  of  the  reservoir  could  be  computed  if  the  dam 
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should  be  built  at  the  head  of  the  Florence  canal.  At  a  point  4  miles 
above  the  Buttes,  where  a  dike  of  volcanic  rock  apparently  of  more 
recent  geological  formation  than  the  surrounding  country  crossed  the 
canyon,  another  exploration  for  bed  rock  was  made.  The  canyon  at 
this  point  at  the  base  of  the  cliffs  is  459  feet  in  width.  As  a  hole  was 
put  down  to  a  depth  of  96.3  feet  without  finding  bed  rock  at  this  point, 
this  location  was  condemned  as  a  dam  site  without  further  explora- 
tion, particularly  in  view  of  the  excessive  length  of  dam  required. 

In  order  to  determine  the  feasibility  of  constructing  a  dam  at  the 
Buttes,  as  compared  with  other  possible  locations,  the  Gila  River  above 
this  location  was  explored  for  reservoir  sites,  and  three  were  found 
of  ample  storage  capacity.  At  Riverside,  12  miles  above  the  Buttes, 
by  the  course  of  the  river,  an  available  localitj^  was  selected  and  four- 
teen holes  were  sunk,  which  determined  a  granite  bed  rock  of  good 
quality  to  exist  at  a  maximum  depth  of  75.5  feet.  At  the  San  Carlos 
dam  site,  the  next  location  above,  three  holes  were  put  down  to  deter- 
mine the  depth  of  bed  rock.  This  was  the  last  dam  and  reservoir  site 
discovered.  The  high  water  then  interferred  with  the  work  to  such 
an  extent  that  it  had  to  be  abandoned  in  August.  The  data  obtained 
from  these  three  holes  are  very  meager  and  should  be  extended,  but 
they  had  to  be  accepted  in  this  estimate  as  determining  bed  rock  at 
that  point.  At  the  Guthrie  reservoir  site,  which  is  above  Solomon- 
ville  and  uppermost  of  three  available  locations  examined,  a  detailed 
survey  was  also  made.  The  rock  at  this  dam  site  consists  of  a  mixed 
volcanic  product,  there  being  strata  of  gravel  deposited  between  vari- 
ous lava  flows.  This  was  considered  sufficient  in  itself  to  condemn 
this  site  for  construction  purposes.  A  railroad  passes  through  the 
length  of  the  reservoir  and  through  the  dam  site,  and  a  change  in  its 
location  would  be  a  matter  of  difficulty  and  large  expense. 

The  upper  portion  of  Gila  River  and  its  principal  tributaries  were 
explored  by  Mr.  Cyrus  C.  Babb,  hydrographer,  as  well  as  the  basin  of 
San  Pedro  River.  In  both  the  Gila  and  San  Pedro  basins  measure- 
ments of  all  canals  were  made  in  order  to  determine  the  amount  of 
water  returning  to  the  river  from  irrigation  and  for  purposes  of  general 
information.  This  return  water  has  a  particular  bearing  upon  our 
project  as  contemplated  in  that  the  irrigation  of  120,000  acres  of  land 
in  the  neighborhood  of  Florence  and  Sacaton  may  be  expected  to 
increase  the  flow  of  the  lower  portion  of  Gila  River  in  a  way  similar 
to  that  of  the  cases  investigated  where  irrigation  has  been  practiced 
for  a  term  of  years.  In  other  words,  if  50  per  cent  of  the  water  used 
for  irrigation  around  Solomonville,  on  the  upper  portion  of  the  river, 
returns  to  the  river  below  the  places  where  it  is  used  for  irrigation,  and 
it  may  again  be  used  for  like  purpose  below,  a  similar  action  may  be 
exx)ected  below  the  irrigated  lands  which  are  supplied  from  this  pro- 
posed reservoir  system.  Measurements  of  return  water,  or  *' seepage 
measurements,"  were  also  made  in  the  vicinity  of  Phenix,  which  show 
similar  conditions. 
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The  canyon  of  the  Gila,  between  the  mouth  of  the  San  Pedro  and 
the  Sail  Carlos  dam  site,  was  explored  and  found  to  be  31  miles  in 
length.  It  is  a  narrow  gorge,  as  shown  on  PI.  II,  being  thus  an  excel- 
lent conduit  for  the  passing  of  the  liberated  water  from  the  San  Carlos 
dam  site  to  the  irrigable  lands  below.  A  traverse  survey  was  made 
throughout  its  length.  Observations  for  determining  the  average 
evaporation,  the  range  of  temperature,  and  the  volumes  of  suspended 
silt  in  the  river  have  been  maintained  at  the  Buttes  during  the  period 
of  the  survey.  A  canal  line  has  been  surveyed  from  the  Buttes  dam 
site  past  the  head  of  the  Florence  canal,  a  distance  of  4  miles.  This 
canal  would  be  used  in  connection  with  the  Buttes  reservoir  site  for 
the  purpose  of  delivering  its  water  to  the  irrigable  lands,  and  largely 
for  the  development  of  power,  which  could  be  used,  if  desired,  in  the 
settlements  that  would  spring  up  under  this  system. 

Owing  to  the  questionable  character  of  the  rock  for  building  at  the 
Buttes  dam  site,  quarry  tests  were  made,  as  described  fully  under  the 
descrii>tion  of  the  Buttes  dam.  Mr.  E.  Duryee,  chemist  and  cement 
expert,  of  Colton,  California,  investigated  thoroughly  the  rocks  of  all 
the  localities  in  question,  in  order  to  determine  the  feasibility  of  the 
manufacture  of  a  natural  hydraulic  or  a  Portland  cement.  His  inves- 
tigation, as  shown  in  detail  on  later  pages,  also  determined  the  i)ossi- 
bility  of  using  the  siliceous  rocks  of  the  respective  localities  for  blend- 
ing with  Portland  cement  in  the  manufacture  of  what  is  known  as 
"sand  cement. "  The  extent  of  public  domain  in  the  irrigable  districts 
was  determined  from  the  land-office  records  at  Tucson,  Arizona. 

Mr.  J.  H.  Quinton  was  engaged  to  assist  in  the  designing  of  the  dams 
and  other  engineering  works.  lie  visited  all  the  localities  in  question 
and  made  a  careful  field  examination.  Mr.  James  D.  Schuyler  was  em- 
ployed for  purposes  of  consultation  in  the  planning  of  the  work,  in  an 
advisory  capacity,  and  for  this  purpose  made  detailed  examinations 
of  the  various  dam  sites  on  two  occasions  during  the  progress  of  the 
field  investigation.  The  service  which  Mr.  Schuyler  has  rendered  in 
this  capacity  has  been  of  prime  importance  to  the  work,  owing  to  his 
very  extended  experience  in  the  construction  of  dams  for  irrigation 
purposes. 

The  general  plans  for  dams  at  all  points  have  been  matters  of  dis- 
cussion during  a  period  of  months  by  all  the  engineers  connected  with 
this  investigation.  Each  has  contributed  his  share  toward  the  forma- 
tion of  the  final  plans  which  Mr.  Quinton  has  prepared.  The  office 
work  for  the  report  has  been  done  in  Los  Angeles,  where  the  plans 
and  estimates  have  been  prepared.  Numerous  laboratory  tests  of 
material  from  the  dams  and  of  the  sand  cements  have  been  made. 
Mr.  Arthur  P.  Davis,  hydrographer,  was  in  charge  of  the  organization 
of  the  field  work  and  of  its  execution  until  May  1,  1899,  when  he  was 
detailed  to  assist  the  Nicaragua  Canal  Commission  in  its  work  on  the 
Isthmus.  Mr.  Davis  practically  outlined  the  field  work.  His  ideas 
with  reference  to  plans  of  construction  have  been  given  most  careful 
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consideration  in  reaching  final  conclusions,  and  to  him  is  due  the 
credit,  in  large  x>art,  for  the  successful  carrying  out  of  the  work  and 
for  its  breadth  and  scope. 

AMOUNT  OF  WATER  REQUIRED. 

In  order  to  determine  the  amount  of  wat^r  that  will  be  required  for 
the  Indians  on  the  Gila  River  Indian  Reservation,  Mr.  Elwood  Had- 
ley,  United  States  Indian  agent  at  Sacaton,  was  requested  to  make  a 
statement  on  the  subject.  In  his  reply,  dated  October  12,  1899,  he 
writes: 

It  Is  estimated  that  there  are  nearly  4,500  Pima  and  Maricopa  Indians  on  the 
Teservation  dependent  for  their  subsistence  upon  its  lands.  South  of  this  reserva- 
tion, in  the  country  lying  between  the  Sonthem  Pacific  Railroad  and  the  border 
line  of  Mezioo,  it  is  estimated  that  there  are  nearly  2,000  nomadic  Papagoe,  who 
derive  much  of  their  subsistenoe  from  the  Pimas  of  this  reservation  (Gila  River) 
in  exchange  for  their  labor.  The  Pimas  are  liberal  and  kind  tc  their  more  nnf or- 
tnnate  brothers,  and  give  them  a  share  of  their  products  in  return  for  their  labor 
in  harvesting  the  crops. 

The  estimated  number  of  Indians  under  my  care  is  as  follows:  Pimas,  4,200; 
Maricopas,  850;  Papagos,  2,700;  total,  7,250. 

The  number  named  above  who  live  on  reservations  away  from  here  wonld 
gladly  come  here  if  they  could  be  furnished  with  water.  It  is  estimated  that  2 
acres  of  land  will' sustain  an  Indian. 

The  report  of  the  Commissioner  of  Indian  Affairs  for  1896  gives  for 
the  Pima  Agency  the  following  population:  Pimas,  4,260;  Maricopas, 
340;  Papagos,  1,224;  Papagcs,  nomadic,  2,046— total,  7,870.  This  does 
not  state,  however,  whether  these  are  actually  on  this  particular  res- 
ervation or  on  others. 

In  the  report  of  Mr.  Arthur  P.  Davis,  of  1896,  it  is  estimated  that 
1.5  acres  of  ground  is  necessary  for  the  support  of  each  Indian.  This 
estimate  is  thought  to  be  liberal.  In  the  irrigated  districts  of  south- 
ern California  an  inhabitant  to  each  acre  is  sustained.  For  the  irri- 
gation of  grain  probably  1.5  acre-feet  of  water  is  sufficient  for  the  com- 
plete development  of  the  crop  for  each  season;  but  for  the  growth  of 
alfalfa  or  orchards  a  lower  duty  of  water  will  be  required,  and  2  acre- 
feet  per  acre  is  assumed  in  this  report  to  be  a  satisfactory  supply.  If 
there  are  7,250  Indians  now  located  upon  this  reservation  or  deriving 
their  subsistence  from  it,  each  requiring  1.5  acres  of  irrigated  land,  it 
would  be  necessary  to  supply  10,875  acres  with  water  to  meet  present 
demands.  At  the  rate  of  2  acre-feet  of  water  for  each  acre  irrigated, 
itwiU  be  necessary  to  furnish  21,750  acre-feet  to  the  reservation  to 
meet  this  requirement.  There  will  doubtless  be  other  Indians  on 
neighboring  reservations  on  the  lower  portion  of  Gila  River,  whom 
the  Department  would  desire  to  move  onto  the  Gila  Reservation  in 
case  an  abundant  supply  of  water  could  be  furnished  to  them.  In 
view  of  these  possible  transfers,  and  of  the  natural  increase  in  numbers 
of  the  tribes  now  dependent  upon  the  reservation,  a  prospective  demand 
on  the  reservoir  system  of  40,000  acre-feet  is  considered  necessary. 
IltB33 ^2 
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WATER  SUPPIiY. 

PRECIPITATION. 

Rainfall  observations  have  been  taken  at  thirty-one  different  points 
in  the  basin  of  Gila  River  above  the  Buttes,  as  shown  on  PL  III,  -4,  the 
earliest  record  beginning  at  Fort  Bayard,  New  Mexico,  in  1867.    Un- 
doubtedly the  greatest   precipitation   of   the   basin  occurs   in  the 
higher  mountains,  in  its  northeastern  portion.     The  records  for  these 
mountain  districts  are  rare,  most  of  them  being  taken  in  the  valleys 
where  settlements  and  agriculture  occur.     It  is  probable,  therefore, 
that  .the  actual  rainfall  for  the  basin  is  greater  than  that  indicated  by 
the  tables  and  diagrams.     For  the  purpose  of  this  report  the  rainfall 
observations  in  the  basin  of  Gila  River  above  the  Buttes  have  been 
grouped  in  three  classes  in  the  following  table — ^first,  the  Gila  Basin 
proper,  exclusive  of  the  basin  of  the  San  Pedro;  second,  the  basin 
of  the  San  Pedro;  and  third,  a  series  of  observartions  at  three  stations 
in  the  vicinity  of  Florence,  five  stations  in  the  basin  of  Santa  Cruz 
River,  which  sti*eam  enters  the  Gila  below  the  mouth  of  the  Salt,  and 
three  sets  of  observations  in  the  vicinity  of  Phenix.     The  segregation 
of  the  i-ecords  into  the  groups  named  is  for  the  purpose  of  comparing 
the  relative  amount  of  water  available  for  storage  {purposes  at  the 
reservoir  site  at  San  Carlos  and  at  the  Buttes. 
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AnntuU  rainfaU,  in  inches,  at  stations 

in  basin  of  San  Pedro  River,  Arizona. 
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Annual  rainfall  at  stations  in  basin  of  Qila  River,  in  the  vicinity  of  Florence, 

Tucson,  and  Phenix,  Arizona. 
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The  records  in  the  vicinity  of  Florence  and  Phenix  apply  to  the 
districts  where  the  water  stored  will  probably  be  applied  for  irrigatioD, 
and  indicate  the  need  of  an  artificial  supply.  In  the  case  of  the  San 
Pedro  Basin,  the  greater  portion  of  its  water  supply  is  furnished  near 
the  headwaters  of  that  stream.  The  lower  x>ortion  of  the  river, 
which  constitutes  the  greater  part  of  its  area,  being  low  in  elevation, 
has  a  relatively  lighter  rainfall,  and,  owing  to  the  flat  nature  of  the 
valleys,  a  low  ^r  cent  of  run -off.  The  observations  of  precipitation 
in  the  San  Pedro  Basin  have,  with  one  exception — those  of  Dudley- 
ville — been  made  in  this  upper  portion  of  the  basin  and  at  points  of 
high  elevation.  They  indicate,  therefore,  a  water  supply  in  excess  of 
conditions  as  they  really  exist.  « 

In  connection  with  the  study  of  the  increase  of  rainfall  with  an 
increase  in  elevation,  the  following  table  is  of  interest: 

Increase  of  rainfall  imth  each  100  feet  of  rise  in  elevation^  with  Fort  McDowell  <m 

a  base. 
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Comparing  the  stations  given  in  this  table  with  the  record  at  Fort 
McDowell,  which  is  a  very  old  one,  extending  from  1867  to  1888,  it  is 
found  that  in  eastern  Arizona  the  rate  of  increase  for  each  100  feet 
of  rise  in  elevation  is  0.21  of  an  inch  of  rain.  It  is  probable  that,  not- 
withstanding the  fact  that  the  mean  rainfall  as  measured  above  San 
Carlos  for  all  stations  is  12.87  inches,  and  that  the  mean  for  the  San 
Pedro  Basin  is  given  as  14.13,  the  average  rainfall  of  the  basin  of  the 
Gila  above  San  Carlos  is  greater  than  the  average  for  the  entire  San 
Pedro  Basin,  and  consequently  the  run-off  per  square  mile  of  the  San 
Pedro  Basin,  owing  particularly  to  the  flat  valley  lands  through  which 
the  river  flows  in  the  greater  portion  of  its  course,  is  less  than  the 
run-off  per  square  mile  of  the  Gila  above  San  Carlos.  This  is  sus- 
tained by  observations  of  flow  of  both  streams  during  a  period  of  five 
months. 

A  diagram  is  given  (PL  IV)  showing  the  precipitation,  in  inches  per 
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annum,  daring  the  years  when  observations  of  the  rainfall  were  made 
at  various  typical  stations.  For  1899  the  figures  are  estimated  after 
September  1.  Data  were  had  from  the  records  of  the  Signal  Service 
and  of  the  Weather  Bureau  showing  the  amount  of  precipitation 
each  month  at  each  of  the  eighteen  stations  named  in  the  table,  but 
they  are  considered  too  voluminous  for  publication.  The  table  of 
annual  rainfall  in  the  basin  of  the  Gila  is  compiled  from  this  mass  of 
detail.  After  careful  consideration  it  was  deemed  impossible  to  give 
an  average  rainfall  for  the  basin  based  on  probable  rainfall  at  various 
elevations.  The  means  given  in  the  table  and  diagrams  are  the  direct 
means  of  the  stations  at  which  observations  were  made,  each  being 
given  equal  weight  in  the  years  when  its  record  occurs.  In  the  case 
of  the  upper  portion  of  the  Gila  the  mean  has  not  been  extended  back 
of  1881,  as  sufficient  data  do  not  exist  upon  which  to  base  an  accurate 
deduction.  The  few  points  at  which  observations  were  taken  prior 
to  1881  would  probably  indicate  a  greater  rainfall  for  the  basin  than 
existed,  owing  to  their  relatively  great  elevation.  In  like  manner, 
the  record  of  the  San  Pedro  is  not  extended  back  of  1886. 

SUBDIVISIONS   OP  THE  DRAINAGE   BASIN. 

The  outlines  of  the  Gila  River  Basin  have  been  marked  on  the  Land 
Office  maps  of  Arizona  and  New  Mexico  and  the  areas  measured  by 
planimeter.  The  basin  of  the  southern  tributary,  the  San  Pedro, 
extends  into  the  Republic  of  Mexico.  From  the  best  obtainable  data 
the  airea  in  Mexico  has  been  determined  to  be  120  square  miles.  The 
following  table  classifies  the  drainage  basin  of  the  Gila  above  the 
Buttes  into  three  parts:  First,  the  area  above  the  San  Carlos  dam 
site,  which  would  be  tributary  to  a  reservoir  if  located  at  that  point; 
second,  the  area  of  the  basin  of  San  Pedro  River;  third,  small  inter- 
mediate basins  below  San  Carlos.  The  San  Pedro  Basin  is  diffi- 
cult of  exact  determination,  owing  to  the  excessive  flatness  of  the 
Sulphur  Springs  Valley,  extending  from  near  Camp  Grant  to  the 
Mexican  line  and  varying  from  30  to  40  miles  in  width.  This  valley 
is  a  great  sink  from  which  little  or  no  run-off  occurs,  and  vt  has  been 
eliminated  from  consideration  in  this  estimate  south  of  the  Graham 
County  line.  A  small  area  between  San  Carlos  and  the  Buttes  is 
directly  tributary  to  Gila  River,  independently  of  the  San  Pedro. 
The  principal  stream  in  this  last-named  district  is  Mineral  Creek. 

Drainage  area  of  Oila  River  above  tlie  Buttes^  Arizona. 
Drainage  above  San  Carlos:  Square  miles. 

In  Arizona - 7,378 

In  New  Mexico 6,077 

Total ~~  13,455 

San  Pedro  above  month: 

In  Arizona 8,886 

In  Mexico - 120 

Total ~~    3,456 

SmaU  tribntariee  between  San  Carlos  and  the  Bnttes 923 

Total  area  of  Gila  Basin  above  the  Buttes 17,834 

Total  area  below  San  Carlos 4,379 
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The  total  accepted  area  for  the  basin  of  Gila  River  above  the  Buttes 
is  17,834  square  miles.  The  total  area  below  San  Carlos  and  above 
the  Buttes  is  4,379  square  miles,  which  is  practically  25  per  cent  of 
the  entire  area  above  the  Buttes. 

RELATIVE  FLOW  AT  SAN  CARLOS  AND  THE  BUTTES. 

In  the  Twelfth  Annual  Report  of  the  Survej',  Part  II,  page  305,  is 
given  a  tabulation  of  the  observations  made  on  San  Pedro  River  at 
its  mouth,  at  Dudleyville,  Arizona,  from  May  to  August,  inclusive, 
1890.  During  this  period  there  was  discharged  from  that  stream  19,488 
acre-feet  of  water.  During  the  same  period  of  time,  as  measured  at 
the  Buttes  below  the  mouth  of  San  Pedro  River,  there  was  a  total 
discharge  from  the  basin  of  207,936  acre-feet.  This  shows  that  9.4 
per  cent  of  the  total  discharge  of  the  basin  above  the  Buttes  came 
from  the  San  Pedro,  and  that  90.6  per  cent  came  from  other  portions 
of  the  stream.  There  are  923  square  miles  tributary  to  the  Gila 
above  the  Buttes  and  below  San  Carlos  other  than  the  San  Pedro 
drainage. 

From  the  above  figures  it  is  considered  fair  to  estimate  that  90  per 
cent  of  the  water  of  Gila  River  comes  from  above  San  Carlos  and 
that  a  reservoir  located  at  the  last-named  point  would  only  lose  l6 
per  cent  of  the  total  amount  flowing  by  the  Buttes.  Moreover,  the 
amount  which  enters  the  stream  below  San  Carlos  would  not  neces- 
sarily be  entirely  lost  to  a  reservoir  at  that  x)oint,  as  the  discharge 
from  the  reservoir  could  be  regulated,  at  least  in  part,  so  as  to  take 
advantage  of  the  amount  of  water  available  from  the  San  Pedro. 
The  synchronous  observations  which  have  been  made  from  July  19  to 
September  23,  1899,  at  San  Carlos  and  at  the  Buttes  have  not  yet 
been  of  sufficient  duration  to  admit  of  drawing  general  conclusions. 

During  the  month  of  July  the  record  indicated  that  91  per  cent  of 
the  total  flow  at  the  Buttes  passed  San  Carlos.  During  the  month 
of  August  there  was  deficient  rainfall  throughout  Arizona  in  gen- 
eral. According  to  the  statement  of  the  Weather  Bureau  (report  for 
August,  1899,  Arizona  section),  "The  average  precipitation  for  the 
Territory  for  the  month  of  August  was  85  per  cent  less  than  the  nor- 
mal. The  average  determined  from  the  measurements  of  59  stations 
was  1.26  inches,  which  is  1.75  inches  less  than  the  average  for  August, 
1898.  The  greatest  amount  measured  at  any  station  during  the  month 
was  5.77,  at  Fort  Huachuca,  and  no  precipitation  was  reported  at  sev- 
eral stations."  Fort  Huachuca  is  in  the  headwaters  of  the  basin  of 
the  San  Pedro,  and  the  rainfall  at  other  stations  in  that  neighborhood 
was  abnormally  large  for  August.  As  might  be  expected,  therefore, 
during  the  month  of  August  the  discharge  from  the  San  Pedro  has 
been  proportionately  great.  The  record  of  stream  measurements 
indicates  60  per  cent  of  the  total  flow  as  measured  at  the  Buttes  pass- 
ing San  Carlos  during  August.     From  September  1  to  23,  inclusive, 
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there  was  59  per  cent  at  San  Carlos.  No  rainfall  records  for  Septem- 
ber, 1899,  are  at  present  (October  3,  1899)  available. 

The  record  for  the  four  months  given  in  1890  indicates  90  per  cent 
of  the  total  flow  at  the  Buttes  available  at  San  Carlos,  and  during 
the  two  complete  months  (July  19  to  September  23)  when  the  meas- 
urements were  maintained  in  1899  at  both  places  a  mean  of  74  per 
cent  was  available  at  San  Carlos,  or  an  average  for  the  entire  period 
of  six  months  of  83  per  cent  at  San  Carlos. 

The  following  figures  are  the  result  of  comparative  measurements  at 
the  Buttes  and  San  Carlos  during  July,  August,  and  September,  1899: 

Comparative  discharge  of  OUa  River  at  San  Carlos  and  the  BtUtes,  in  cubic  feet 

per  second. 


July. 

AagtxBt. 

September. 

SanCar- 

lOB. 

The 
Buttes. 

SanOar- 
los. 

The 
Buttes. 

9an  Car- 
los. 

The 
Buttee. 

1 

780 
8,188 
960 
780 
600 
620 
600 
400 
680 
520 
870 
880 
380 
260 
260 
200 
200 
140 
140 
140 
140 
140 
110 
llU 
110 
110 
80 
80 
140 
80 
80 

1,850 

2,850 

4,100 

2.260 

1,040 

980 

660 

1,880 

905 

717 

460 

515 

807 

307 

280 

215 

315 

210 

270 

176 

135 

100 

112 

90 

89 

80 

80 

70 

71 

60 

77 

M>               (Ml    1 

2 

• 

80 
80 
80 
80 
280 
290 
7,020 
780 
520 
410 
880 
290 
280 
200 
200 
200 
200 
170 
140 
110 
110 
110 

60 
45 

42 
24 

81 

1.800 

10,187 

2,923 

1,960 

1,882 

734 

510 

809 

857 

288 

248 

206 

202 

147 

180 

126 

99 

3 

4 

5   

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

11,976 

6,668 

2.174 

1,836 

1,886 

1,498 

900 

780 

840 

760 

960 

600 

620 

1,800 
8,700 
4.100 
2,260 
1,900 
1,550 
1,446 
1,650 
1,660 
8,640 
2,440 
2,475 
996 

20 

21 

22 

23 

24 

25 

26 

27 -•- 

28 

20 

80 

31 

Mean 

2,407 
91 

2,647 

406 
60 

671 

556 

59 

982 

P©r  cent 

1 

The  inspection  and  study  of  the  basin  of  the  San  Pedro,  as  well  as 
of  the  Gila  proper,  by  members  of  this  Survey,  and  the  study  made  of 
the  relative  values  of  their  drainage  areas,  justify  the  conclusion  drawn 
from  all  the  measurements  that  90  per  cent  of  the  total  flow  as  meas- 
ured at  the  Buttes  is  available  at  San  Carlos.  The  larger  part  of  the 
water  of  Gila  River  comes  from  the  San  Carlos,  the  San  Francisco,  the 
Blue,  and  the  extreme  eastern  branches  of  the  stream,  and  a  small 
per  cent  enters  from  the  San  Simon  Plains,  which  lie  between  Solomon- 
viUe  and  Bowie  station  on  the  Southern  Pacific  Company's  railroad. 
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Wherever  irrigation  is  practiced  a  certain  portion  of  the  water  is 
permanently  lost  by  evaporation  from  the  surface  of  the  ground  or 
from  the  leaves  of  the  growing  plants.  Another  portion  of  the  water 
used  for  irrigation,  varying  in  amount  from  20  to  50  per  cent,  depend- 
ing upon  the  nature  of  the  soil  and  the  slopes  of  the  irrigated  lands 
toward  the  drainage  lines,  sinks  into  the  ground.  This  is  known  as 
seepage  or  return  water.  It  fills  the  pores  in  the  soil,  gradually  rais- 
ing the  water  plane  until  it  flows  into  natural  drainage  lines  and 
becomes  again  available  for  irrigation.  In  the  Solomonville  Valley, 
in  the  Gila  River  Karrows,  below  the  Sanchez  ditch,  there  was,  on  April 
15,  1899,  237  second-feet  of  water.  Within  a  distance  of  40.7  miles 
below  this  point  there  was  diverted  in  ditches  429.8  second-feet  of 
water.  A  small  amount  of  water  is  wasted  back  into  the  river  from 
these  ditches,  but  the  actual  amount  used  for  irrigation  is  64  per  cent 
in  excess  of  the  amount  available  for  that  purpose  at  the  highest  point 
of  diversion.  In  other  words,  an  amount  equal  to  64  per  cent  of  the 
water  found  at  the  head  works  on  April  15, 1899,  found  its  way  through 
underground  courses  back  into  the  river. 

In  the  valley  of  the  Salt  River,  near  Phenix,  there  was  40  per  cent 
more  water  used  for  irrigation  in  June,  1899,  than  was  flowing  in  the 
river  at  the  highest  point  of  diversion  at  the  head  works  of  the  Arizona 
Canal.  It  must  be  remembered  in  this  connection,  however,  that 
during  the  months  of  July  and  August  there  is  a  much  larger  volume 
of  water  diverted  for  irrigation  than  on  the  dates  when  these  measure- 
ments were  made,  and  that  a  larger  amount  of  water  is'used  on  other 
occasions  for  the  irrigation  of  these  lands  than  is  indicated  in  this 
report. 

In  order  to  determine  the  actual  ratio  between  the  return  water  and 
the  amount  applied  to  irrigation  the  average  annual  quantity  used 
for  irrigation  for  a  term  of  years  should  be  determined.  This  amount 
is  at  present  unknown.  It  is,  however,  fair  to  assume  that  a  substan- 
tial percentage  of  all  water  used  for  irrigation  flnds  Its  way  back  into 
the  channel  of  the  two  streams  named  above.    This  may  be  as  high  as 

25  per  cent,  as  it  is  known  to  be  greater  in  other  localities.  Because 
of  the  exceedingly  slow  movement  through  soil  the  discharge  is  regu- 
lated and  is  of  a  constant  nature.  For  instance,  the  flow  of  Los 
Angeles  River,  in  California,  which  receives  its  water  supply  from 
the  sand  and  gravel  beds  of  the  San  Fernando  Valley,  which  under- 
ground reservoir  is  charged  with  intermittent  floods,  has  not  varied 
in  amount  during  the  last  three  years  to  exceed  15  per  cent. 

It  may  be  confidently  expected  that  as  a  result  of  the  irrigation  of 
120,000  acres  of  lands  in  the  Gila  River  Valley  between  Florence  and 
Sacaton  20  or  25  per  cent  of  the  water  used  in  this  irrigation  will 
return  to  the  channel  of  Gila  River  and  will  be  available  for  further 
use  at  lower  points  on  this  stream.     This  would  be  sufficient  to  irri- 
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gate  from  24,000  to  30,000  acres  of  land,  in  addition  to  the  areas  esti- 
mated as  capable  of  being  served  from  a  reservoir  on  Gila  River. 

MEASUREMENTS  OP  GILA  RIVER  AT  THE  BUTTES,  ARIZONA. 

Gila  River  leaves  the  mountains  and  enters  the  plains  at  a  point 
15  miles  above  Florence,  known  as  the  Bnttes.  At  this  place  the 
river  is  in  a  canyon,  which  is  approximately  450  feet  wide,  its  bed 
being  covered  with  sand  and  gravel  to  a  maximum  depth  of  123  feet. 
Beyond  this  point,  until  it  forms  a  junctioji  with  its  principal  tribu- 
tary, Salt  River,  it  loses  in  volume.  A  gaging  station  was  established 
here  and  the  amount  of  water  available  from  the  basin  was  accurately 
determined  by  the  Geological  Survey  from  August  26, 1889,  to  August 
31, 1890,  but  the  work  was  stopped  at  the  end  of  this  time  by  lack  of 
available  funds.  The  results  of  these  measurements  are  given  in  the 
Twelfth  Annual  Report,  Part  II,  Irrigation,  pages  306  to  309,  and  fol- 
lowing tables,  and  are  shown  graphically  on  PI.  VI,  B,  A  gap  occurs 
in  the  record  from  August,  1890,  to  August,  1895.  In  the  fall  of  1895 
measurements  were  begun  by  the  reestablishment  of  a  station  at  the 
Buttes  above  Florence,  at  the  same  point  that  observations  were  made 
during  the  years  1889  and  1890. 

From  August  1, 1895,  to  December  10, 1895,  gage  heights  and  depths 
were  observed  by  W.  Richins,  and  occasional  estimates  of  velocity  were 
made,  and  with  these  data  and  the  measurements  made  subsequent 
to  the  middle  of  December  the  daily  discharge  for  the  months  of 
August,  September,  and  November,  and  the  early  part  of  December, 
1895,  has  been  ascertained.  These  results  can  be  regarded  only  in 
the  light  of  approximations  and  do  not  compare  in  value  with  those 
following  December  10.  Measurements  were  continued  throughout 
the  year  1896  by  W.  J.  Brash,  daily  readings  of  the  gage  being  taken 
and  current- meter  measurements  made  from  one  to  three  times  a  week. 
The  data  obtained  for  the  period  following  December  10,  1896,  and 
extending  to  October,  1896,  are  of  a  high  degree  of  accuracy. 

During  the  year  1897  measurements  were  continued  at  this  station 
by  W.  J.  Brash  and  Albert  T.  Colton,  forty-nine  measurements  of 
discharge  being  taken,  the  last  measurement  being  made  on  October 
24,  1897.  Mr.  Brash,  who  was  connected  with  this  work  in  1896  and 
1897,  died  in  the  fall  of  1897,  and  no  other  person  residing  in  that 
immediate  locality,  it  was  not  possible,  with  funds  available,  to  have 
the  gage  rod  read  daily. 

Measurements  were  made  between  March  7  and  October  10,  1898, 
by  Albert  T.  Colton,  and  subsequent  to  November  14  by  Cyrus  C. 
Babb  and  others  connected  with  the  present  investigation.  Sixteen 
meter  measurements  of  discharge  were  thus  made,  as  shown  by  the  dia- 
gram, PI.  VI,  By  prior  to  November  25, 1898.     After  this  time  a  contin- 
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nous  record  was  maintained  to  the  end  of  the  year.  In  order  to  make 
the  best  possible  use  of  the  sixteen  observations  made  prior  to  Novem- 
ber 25,  1898,  the  volumes  as  measured  on  those  dates  were  plotted  in 
diagram,  the  vertical  axis  representing  volumes  measured  in  cubic 
feet  per  second  and  the  horizontal  axis  representing  intervals  of  one 
day's  time  each.  The  points  thus  determined  were  connected  by 
straight  lines,  and  from  this  diagram  monthly  estimates  of  discharge 
were  made.  Subsequent  to  November  25,  1898,  daily  observations  of 
gage  height  and  area  were  taken  and  frequent  meter  measurements 
of  volume  made.  As  daily  measurements  of  areas  in  square  feet  were 
made,  the  rating  curve  graphically  shown  on  PL  VI,  J.,  is  in  terms  of 
areas  of  cross  section  and  discharge. 

During  the  year  1899,  until  October  20,  measurements  of  area  were 
made  daily  and  frequent  observations  of  velocity  were  taken  with  a 
meter.  The  results  are  shown  graphically  on  PL  VI,  B,  The  rating 
table  applying  from  November  25, 1898,  to  July  10, 1899,  is  used  for  the 
first  portion  of  this  year.  The  meter  which  was  in  service  at  the  Buttes 
got  out  of  order  July  20,  1899,  and  until  August  10  observations  of 
gage  height  and  area  were  taken  daily.  The  discharge  during  this 
interval  has  been  computed  by  using  values  corresx)onding  to  the  gage 
heights  determined  from  the  rating  curve  shown  on  PL  VIII,  A.  This 
exhibits  the  relation  between  gage  height  and  discharge,  and  also,  by 
the  position  of  the  small  dots,  the  values  determined  by  meter  meas- 
urements. The  following  table  expresses  numerically  the  values  given 
in  the  rating  curve: 

Bating  table  for  QUa  River  at  the  Buttes^  Arizona^  from  July  11, 1899,  to  August 

10,  1899. 


Oage 
height. 

Dis- 
charge. 

Qaae 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 

height. 

1 

DiR- 
charge. 

Sec'ft. 

320 

Stc.'ft. 

Sec.-ft, 

1.6 

2.7 
2.8 

3.9 
4.0 

1,445 
1,550 

5.1 
5.2 

3.364 
3.548 

1.6 

0 

1.7 

1 

2.9 

410 

4.1 

1,670 

5.3 

3.733 

1.8 

5 

3.0 

600 

4.2 

1,800 

5.4 

3,916 

1.9 

9 

8.1 

605 

4.3 

1,950 

6.5 

4.100 

2.0 

15 

3.2 

710 

4.4 

2,100 

6.0 

5,020 

2.1 

25 

3.3 

815 

4.5 

2.260 

65 

5.940 

2.2 

40 

3.4 

920 

4.6 

2.410 

7.0 

6,900 

2.3 

60 

3.5 

1,025 

4.7 

2,625 

7.5 

7,780 

2.4 

90 

3.6 

1,130 

4.8 

2,810 

8.0 

8.7U0 

2.5 

130 

3.7 

1,235 

4.9 

2.995 

8.5 

9.620 

2.6 

180 

3.8 

1.340 

5.0 

8,180 

9.0 

10,540 

From  these  daily  measurements  of  area  and  frequent  measurements 
of  discharge,  together  with  the  rating  tables  mentioned  above,  the 
following  table  of  volumes  of  discharge  for  Gila  River  at  the  Buttes 
from  November  25,  1898,  to  September  30,1899,  has  been  prepared. 
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Estimated  daily  discfiarge  of  Oila  River  at  the  Buttes, 


Dty. 


Mean 


Day. 


1096. 


November. 


•4 


2.10 
2.20 
2.20 
2.10 
2.22 
2.30 


S) 


106 
165 
135 
165 
150 
105 


152 


December. 


H 

of 

•d 


2.38 
2.85 
2.86 
2.40 
2.40 
2.40 
2.45 
2.46 
2.50 


2.00 
2.72 
2.50 
2.70 
2.76 
2.72 
2.80 
2.85 
2.90 
2.00 
2.87 
2.00 
2.90 
2.96 


2.80 
2.80 
2.85 
2.75 
2.80 
2.80 


106 
105 
215 
265 

235 
255 
255 
255 
275 
275 
275 
410 
300 
330 
275 
320 
320 
301) 
480 
480 

4a5 

410 
435 
300 
835 
275 
300 
345 
320 
300 
320 


305 


1880. 


January. 


§1 

of 


2.80 
2.775 
2.80 
2.72 
2.70 
2.65 
60 
62 
67 
60 
72 
06 
30 
15 
3.00 
8.00 
2.05 
2.02 
2.80 
2.72 


2. 
2. 
2. 
2. 
2. 
2. 
3. 
3. 


70 
70 
80 
80 
75 


2.75 
2.70 
2.75 
2.70 
2.70 


820 
345 
370 
255 
300 
275 
255 
275 
255 
235 
275 
480 
800 
500 

4a) 

300 
345 
345 
^0 
275 
255 
235 

m) 

370 
255 
300 
235 
255 
235 
170 
185 


318 


February. 


O  o 

X3 


2.60 
2.72 
2.88 
2.04 
2.00 
2.77 
2.60 
2.71 
2.72 
2.70 
2.77 
2.80 
2.80 
2.77 
2.75 
2.70 
2.07 
2.07 
2.66 
2.62 


2.65 
2.00 
2.60 
2.60 
2.60 
2.»?0 
2.50 


1 

2.26 

2 

2.20 

3 

2.20 

4 

2.20 

5 

2.20 

« 

2.16 

7 ■ 

8 : 

» 

2.16 
2.16 

10 

11 

2.10 
2.10 

12 

2.10 

13 

2.10 

14 

15 

18 

2.06 
2.06 

17 

2.00 

18 

2.00 

19 

2.00 

a) 

2.00 

21 

2 

2.00 

23 

2.00 

24 

2.00 

25 

2.00 

% 

2.00 

2r 

1.95 

28 

29 

1.06 

30 

1.00 

81 

1.90 

Mean 

May. 


Oaffe 
heigbt. 


Dis- 
charge. 


88 
84 
30 
80 
31 
28 
26 
25 
24 
24 
24 
23 
28 
20 
16 
14 
12 
13 
13 
14 
12 
10 

8 

9 
11 
12 
13 
10 

0 

6 

4 

18.2 


Jane. 


QaTO 

eierht. 


beig 


1.90 
2.20 
2.10 


2.00 
1.05 
1.90 
1.00 
1.00 
1.86 


1.80 
1.80 
1.80 
1.80 
1.75 
1.75 


1.75 
1.75 
1.75 
1.75 
1.75 
1.75 

i.  75' 
1.75 
1.75 
1.76 


July. 


Dis-      Gage 
charge,  height. 


5 

30 

20 

16 

12 

11 

16 

6 

6 

6 

4 

4 

2 

2 

2 

2 

1 

1 

1 

1 

I 

1 

1 

1 

1 

2 

2 

1 

1 


5.4 


1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.80 
2.75 
2.80 
2.70 
2.50 
2.40 


2.70 
3.40 
4.20 
8.00 
5.50 
4.50 

'i'no' 

3.00 
4.00 
4.00 
5.25 
4.50 
4.30 
4.00 


0.6 
0.5 
0.5 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
2 
300 
320 
250 
130 
00 
170 
250 
020 
1.8(K) 
8,700 
4.100 
2.260 
1,«(« 
1.550 
1,445 
1,550 
1.550 
3,(V40 
2,440 
2,475 
090 

1,188.0 


170 
200 
550 
455 
345 
410 
23. 
235 

2rx) 

300 
255 
300 
275 
275 
275 
255 
170 
170 
140 
170 
170 
170 
155 

2no 

155 
155 
170 
125 


230 


March. 


O  o 

•4 


2.60 
2.60 
2.50 
2.50 


2.50 
2.50 
2.50 
2.50 
2.50 
2.40 


2. 
2. 
2. 


40 
40 
40 
2.50 
2.56 
2.65 


"*2."e6 

2.60 

"'2.60 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.50 


126 
166 
155 
110 

110 

no 

155 
156 
110 
140 
140 
140 
140 
100 
100 
100 
110 
156 
155 
155 
155 
140 
140 
140 
140 
140 
125 
110 


110 
100 


130.5 


April. 


•4 


2.50 
2.46 
2.50 
2.50 
2.50 
2.50 
2.45 
2.46 


2.45 
2.46 
2.40 
2.40 
2.40 
2.40 


2.40 
2.40 
2.35 
2.30 
2.30 
2.30 


2.30 
2.30 
2.30 
2.30 
2.25 
2.25 


^1 


00 

00 

90 

100 

100 

100 

80 

70 

60 

60 

60 

70 

70 

70 

eo 

60 
60 
60 

ao 

60 
60 
60 
50 
60 
50 
40 
20 
30 
30 
80 


62.8 


Dis- 
charge. 


August. 

September. 

Gage 
height. 

Dis- 
charge. 

Gaare 

height. 

Dis- 
charge. 

4.0 

1,850 

2.0 

60 

4.7 

2,8.'j0 

2.0 

50 

5.5 

4,100 

45 

4.5 

2,260 

i.0 

42 

4.0 

1,040 

1.0 

24 

3.7 

030 

1.0 

31 

3.3 

660 

3.28 

1,300 

4.5 

1,380 

8.3 

10,1»7 

3.7 

005 

4.06 

2,023 

3.3 

717 

4.3 

1,050 

3  3 

460 

3.5 

1,382 

3.1 

515 

3.0 

734 

2.8 

307 

2.8 

510 

2.8 

307 

2.7 

300 

2.7 

280 

2.6 

357 

2.6 

215 

2.5 

288 

2.5 

315 

2.4 

240 

2.5 

210 

2.3 

205 

2.4 

207 

2.8 

202 

2.4 

175 

2.2 

140 

135 

2.2 

130 

2.3 

100 

2.2 

126 

2.3 

120 

2.1 

90 

2.2 

00 

2.1 

108 

2.1 

80 

2.06 

93 

2.1 

80 

2.0 

72 

2.1 

80 

2.0 

77 

2.0 

70 

2.0 

68 

2.0 

71 

2.0 

68 

2.0 

60 

68 

2.0 

77 

671.8 

733.1 

IRR33- 


-3 
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Estimated  monthly  discharge  of  Gila  River  at  the  Buttes,  Arizona. 

[Drainaire  area,  17,834  square  miles.] 


MoDth. 


1889. 


September 
October  ... 
November 
December . 


1890. 


January. . 
February 

March 

April 

May 

June 

July 

August... 


Total  for  season  18S9-90. 


1895. 


August 

September 
October  ... 
November 
December. 


Total 


1896. 


January.... 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  .  . 
November 
December . 


Per  annum 


1897. 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  ... 


Discharge  in  second-feet. 


Maxi- 
mum. 


210 
210 
2S0 
890 


2.100 
1,514 

710 

150 

3,112 
6,330 


1898. 


January..... 

February 

March 

April 

May 

June 

July 

August 

September . 

October 

November  . 
December... 


3,910 
2,880 
12.000 
7,500 
1,1.50 


560 

340 

356 

340 

68 

32 

11,708 

3, 150 

2,850 

11.793 

2,275 

710 


11,793 


4,310 

1,580 

920 

800 

440 

83 

2,360 

3,270 

5,590 


480 


Mini- 
mum. 


90 
140 
156 
124 


310 

406 

300 

158 

35 

27 

11 

1,115 


536 

300 
4(X) 
300 
518 


250 

175 

153 

68 

12 

1 

1 

175 

455 

1,030 

606 

576 


400 

660 

520 

620 

94 

20 

00 

160 

106 


105 


Total  for 

month  in 
acre- 
Mean,        feet. 


128 

157 
212 
275 


680 
678 

387 

238 

87 

28 

130 

8.137 


503 


1,583 

812 

1,677 

1,108 

751 


896 

200 

242 

180 

82 

6 

1,441 

810 

980 

4,145 

1,087 

629 


842 


1,286 
883 
702 
694 
224 
52 
565 
799 

2,371 
800 


640 

485 

4r3 

547 
202 
252 
2,02-4 
537 
270 
79 
101 
305 


7,616 

9,665 

12,614 

16,909 


41.812 

32,100 

23,795 

14.161 

6.350 

1.666 

7.095 

192,888 


366.561 


97,836 
48,317 
96,966 
65,633 
46,177 


354.429 


24,340 

12,027 

14,880 

10.711 

1,968 

208 

88.604 

49,805 

58,314 

254,868 

61,706 

88,676 


616,206 


79,074 
49,039 
43,165 
41,290 
18,778 
8,094 
84,741 
49,129 
141.064 
49,190 


503,585 


39,352 

26,936 

2$).  083 

32,549 

17,954 

14,995 

124,328 

33,018 

16,066 

4,858 

6.010 

18,7.53 

3f)3,0lfi: 


Run-off. 


Depth  in 
inches. 


0.010 
0.013 
0.017 
0.028 


0.056 
0.043 
O.OOS 
0.019 
0.207 
0.002 
0.010 
0.263 


0.447 


0.188 
0.065 
0.133 
0.069 
0.066 


0.032 
0.016 
0.021 
0.014 
0.002 
0.000 
0.121 
0.068 
0.079 
0.847 
0.083 
0.063 


0.839 


0.106 

0.066 

0.059. 

0.066 

0.018 

0.004 

0.047 

0.067 

0.192 

0.067 


Second- 

feet  per 

aqiuire 

mile. 


O.009 
0.011 
0.015 
O.020 


0.049 
0.012 
O.028 
0.017 
O.206 
0.0U2 
0.000 
0.228 


0.115 
0.050 
0.115 
0.080 
0.055 


0.028 
0.015 
0.018 
0.013 
O.OOg 
O.OiO 
0.105 
0.058 
0.071 
0.3U1 
0.075 
0.046 


0.082 


0.0»4 
0.064 
0.051 
O.06O 
0.016 
0.004 
0.041 
0.068 
0.172 
0.068 


LIPPDrOOTT.] 
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Estimated  monthly  ducharffe  of  Oila  River  at  the  Buttes,  Aruona— Continned. 

iDndmige  area,  17,884  square  milee.] 


Mooth. 


Jaavary 

February 

March 

April 

May 

Jane 

July 

Anflrnst 

Septembeir ....... . 


DIscfaarge  in  eeoond-feet. 


nmn. 


800 

660 

156 

100 

88 

80 

8.700 

4,100 

10,187 


Mini- 
nmm. 


170 

U6 

100 

80 

4 

1 

0.2 
60 
24 


Mean. 


Total  for 
month  in 
acre- 
feet. 


818 


180.5 

82.8 

18.2 

5.4 

1,188.2 

871.8 

788.1 


10,662 

18,273 

7,008 

8,880 

78.060 
41.807 
43.622 


208,910 


Ron- off. 


Depth  in 
inches. 


0.0200 
0.0186 
0.0080 
0.0040 
0.0010 
0.000B 
0.0787 
0.0487 
0.0460 


0.2141 


Seoond- 

feetiier 

square 

mile. 


0.0178 
0.0180 
0.0070 
0.0006 
0.0010 
0.0008 
0.0666 
0.0376 
0.0411 


From  the  foregoing  data  the  following  tables  of  annual  discharge 
of  Gila  River  at  the  Buttes  and  at  San  Carlos  have  been  compiled: 

Estimated  annual  discharge  of  Oila  River  at  the  Buttea  and  San  Carlos^  Arizona, 


Seasonal  year  188^90,  Sept.  1  to  Aug.  81 
Fractional  year  1895,  Ang.  1  to  Dec.  81 . 

Year  1896 

Fractional  year  1897,  Jan.  1  to  Oct.  8  ... 

Year  1898,  approximate 

Fractional  year  1899,  Jan«  1  to  Sept.  80  . 


Bnttea. 


Acre-feet. 
866,561 
854,429 
616,206 
608,585 
868,902 
208,910 


San  Carlo8.a 


Acre-feet. 
829,905 
818, 986 
554, 58r 
458,227 
827,612 
188, 519 


a  Ninety  per  cent  of  volume  at  the  Bnttes. 

In  order  to  get  the  greatest  possible  value  from  the  records  which 
have  been  compiled,  and  more  particularly  to  make  comparison  with 
the  annual  rainfall  records,  the  table  given  below  has  been  prepared. 
In  this  statement  every  month  in  which  measurements  were  taken  is 
considered  in  the  determination  of  an  average  monthly  discharge  for 
each  month  of  the  year.  There  are  sixty  months  in  all  during  which 
observations  were  made,  there  being  five  diJfferent  years  in  which  the 
flow  was  observed  between  January  and  September,  inclusive,  and 
four  years  in  which  November  and  December  observations  were 
made.  From  this  table  the  mean  monthly  discharge  is  determined, 
and  where  a  year  has  seven  or  more  months  of  measured  record,  the 
remaining  portion  of  it  being  deficient,  the  mean  monthly  discharge, 
as  determined,  is  substituted  for  the  months  in  which  the  record  is 
defective.  In  this  way  a  complete  estimated  record  for  five  years  is 
obtained,  four  months  having  been  supplied  for  the  year  1890,  two 
for  the  year  1897,  and  three  for  the  present  year,  1899.  A  mean 
annual  discharge  is  obtained  by  adding  the  mean  monthly  discharges 
actually  measured,  so  that  the  mean  annual  discharge,  which  is  485,545 
acre-feet,  is  determined  only  from  actual  measurement-s,  and  includes 
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all  measurements  that  have  been  made.  According  to  the  census  of 
1890,  there  were  but  6,619  acres  irrigated  from  this  great  water  sup- 
ply, or  less  than  3  per  cent  of  its  possible  utility.  Practically  the 
same  area  is  irrigated  at  present  as  in  1890. 

Estimated  monthly  m^an,  annual,  and  mean  annual  discharge^  in  ojcr^-feet,  of 

Qila  River  at  the  Buttes,  Arizona. 


[Drainage  area,  17,834  square  miles. 

Sixty  months  of  observation.] 

Year. 

January. 

February. 

March. 

April. 

May. 

June. 

1890 

1880 

41,812 
24,849 
78,074 
88,862 
18,552 

82,100 
12,027 
48.(138 
20,836 
13,278 

23,795 
14,880 
48,105 
28,083 
7,998 

14,101 
10,711 
41,290 
82,548 
8,088 

5,380 

1,808 

13,778 

17,864 

1,1W 

1,000 
298 

3,084 

14.995 

807 

1887 

1888 

1888 

Mean 

40,828 

26,076 

23,788 

20,481 

8,090 

4,072 

Year. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

Total. 

1888 

7,010 
a.^.5U8 
48,817 
58,314 
a41.U84 
16.000 
43,622 

8,065 

a83,108 

80,900 

254.808 

49,190 

4.858 

a  83, 109 

12,014 
a80,491 

06,033 

01,706 
a  30, 481 

0,010 
ado,  481 

10,908 
a80,ll» 

40,177 

88,070 
a30,129 

18,758 
a80,129 

1890 

7,885 

182,888 
87,330 
48,805 
48,128 
33,018 
41,307 

523,775 

1886 

1890 

88,004 

84,741 

124, 8B» 

73,060 

010.206 
570.205 
363.902 
358,689 

1887 

1888 

1899 

Mean 

05,74o 

77,247 

62,506 

83,109 

80,481 

80,129 

409,003 

a  Approximate. 

Using  the  data  obtained  from  the  above  table  to  determine  the  prob- 
able conditions  which  would  exist  at  San  Carlos  and  at  the  Buttes,  the 
table  given  below  has  been  prepared.  The  amount  of  water  measured 
at  the  Buttes  is  the  basis  of  comparison,  90  per  cent  of  the  volume 
being  taken  as  available  at  San  Carlos  during  the  years  in  which  the 
observations  were  made.  This  table  is  given  in  order  to  determine 
the  proper  heights  of  dams  to  be  constructed  either  at  San  Carlos 
or  at  the  Buttes.  From  the  volumes  available  annually  have  been 
deducted  the  contents  of  the  reservoirs  with  the  dams  agreed  upon  for 
consideration  in  this  report,  and  a  column  both  for  the  Buttes  and 
for  San  Carlos  is  given,  showing  the  surplus  water  each  year. 

Volume,  in  acre^feet,  available  at  the  Buttes  and  at  San  Carlos,  and  surplus  above 

capacity  of  respective  reservoirs, 

[Capacity  of  the  Buttes  reservoir,  174,040  acre-feet.    Oapadty  of  San  Carlos  reservoir,  241,880 

acre-feet.] 


Tear. 


1880 

1890 

1887 

1898 

1889 

Mean 


The  Buttes. 


Available. 


523,775 
010,200 
570,205 
363,902 
353,639 


408,003 


Surplua 


819.735 
442,100 
386,166 
189,802 
178,589 


296,053 


San  Carlos. 


Available. 


471,896 
654,686 
613.186 
827,612 
818,275 


422,184 


Surplus. 


280,002 

813,180 

271,789 

88,1X0 

70,878 


180,788 
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In  order  to  make  a  comparison  between  the  years  in  which  observa- 
tions of  volumes  dischai^ed  at  the  Bnttes  were  made  and  years  in  which 
rainfall  records  were  taken  in  the  basin  of  Gila  River,  the  diagram  on  PI. 
Ill,  By  is  given.  The  rainfall  data  for  this  diagram  is  taken  from  the 
sammary  given  on  page  19,  and  is  the  mean  for  the  entire  basin  of 
Gila  River  above  the  Butties.  The  record  begins  in  1881  and  extends 
to  1899,  inclusive,  covering  eighteen  years  of  rainfall  record,  that  for 
1899  being  estimated  for  the  period  after  September  1.  Below  the 
record  of  rainfall,  which  is  in  inches  of  depth,  is  given,  for  correspond- 
ing years,  the  volume  discharged  in  acre-feet.  It  is  desirable  to  deter- 
mine whether  years  in  which  discharge  measurements  were  made  were 
years  of  excessive  or  deficient  rainfall.  It  will  be  seen  that  the  year 
1897  is  one  of  approximately  average  rainfall,  and  that  in  this  year 
twice  as  much  water  was  available  for  storage,  either  at  San  Carlos  or 
at  the  Buttes,  as  the  reservoirs  could  hold.  The  year  1898  was  one  of 
excessive  rainfall,  but  it  shows  less  run-off  than  the  year  1897.  This 
is  probably  accounted  for  by  the  nature  of  the  storms  occurring  in 
the  basin  during  that  period,  a  greater  portion  of  the  water  being 
absorbed  by  the  ground  and  evaporated  in  1898.  The  run-off  from  a 
hard  rain  is  relatively  higher  than  the  run-off  resulting  from  a  slow 
rain  or  a  gentle  shower. 

There  is  no  record  of  discharge  for  the  years  of  markedly  deficient 
rainfall,  unless  it  be  the  present  year,  1899,  for  which  the  record  is 
incomplete.  During  the  first  eight  months  of  the  year  1899  the  rain- 
fall for  the  portion  of  the  basin  above  San  Carlos  was  6.40  inches,  or 
75  per  cent  of  the  mean.  During  this  same  period  the  precipitation 
for  the  San  Pedro  stations  was  96  per  cent  of  the  mean.  To  August  1 
the  rikinf all  for  the  entire  basin  was  80  per  cent  of  the  usual  precipita- 
tion. This  would  indicate  for  the  present  year  a  probable  mean  rain- 
fall of  10.59  for  the  basin.  The  year  for  which  we  have  the  lowest 
record,  as  determined  by  our  table,  is  1885,  when  the  average  rainfall 
for  the  basin  was  8.11  inches.  This  comparison  is  quite  rough,  but  it 
gives  some  idea  of  the  general  conditions. 

It  will  be  seen  from  the  above  that  the  year  1899  is  among  the  years 
of  low  run-off  and  rainfall.  Numerous  people  were  asked  concerning 
the  relative  dryness  of  the  year  1899  in  Arizona.  There  was  a  unani- 
mous verdict  expressed  to  the  effect  that  it  was  the  driest  year  which 
they  have  had  in  the  last  ten,  as  regards  both  rainfall  and  the  amount 
of  water  in  the  streams.  From  the  table  of  volumes  available  at  the 
Buttes  and  at  San  Carlos,  the  surplus  which  is  estimated  for  the  year 
1899  is  seen  to  be  179,699  acre-feet  at  the  Buttes  and  76,879  acre-feet 
at  San  Carlos.  There  is  still  a  margin  for  drier  years  than  the  ones 
through  which  we  have  just  passed. 

It  is,  of  course,  impossible  to  predict  absolutely  that  either  of  the 
reservoirs  as  projected  would  always  be  filled,  but  there  is  probability, 
if  not  certainty,  that  in  all  ordinary  years,  in  all  years  of  excessive 
rainfall,  and  in  all  years  of  ordinary  drought  the  reservoirs  will  be 
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more  than  filled,  and  that  only  in  conditions  of  excessive  drought, 
surpassing  those  of  record  and  of  memory,  is  there  a  possibility  that 
the  reservoir  as  planned  either  at  the  Buttes  or  at  San  Carlos  will 
not  be  completely  filled.  Even  shoald  it  not  be  completely  filled, 
it  is  certain  that  a  partial  supply  will  always  be  available,  so  that  the 
irrigated  lands  supplied  from  this  source  can  readily  be  brought 
through  one  season  of  drought  without  serious  damage.  These  periods 
of  excessive  drought  are  not  likely  to  occur  oftener  than  once  every 
fifteen  years.' 

From  the  data  and  tables  given  in  the  previous  paragraphs,  it  is 
considered  that,  as  far  as  the  water  supply  is  concerned,  a  dam  170 
feet  high  at  the  Buttes,  storing  174,040  acre-feet  of  water,  or  a  dam 
130  feet  high  at  San  Carlos,  storing  241,396  acre-feet  of  water,  can  be 
built  with  every  assurance  of  success.  The  statement  is  ventured 
that  there  are  no  reservoirs  in  arid  America  that  have  a  more  certain 
water  supply,  proportional  to  their  capacity,  than  these  proposed  res- 
ervoirs on  the  Gila  River. 

EVAPORATION. 

In  the  Twelfth  Annual  Report  of  the  Survey,  page  308,  there  is 

given  a  table  showing  the  probable  monthly  evaporation  from  a  water 

surface  in  Arizona,  from  observations  made  in  the  Southwest  by  the 

Survey.     This  is  accepted  as  the  basis  of  estimates  for  evaporation  in 

this  report: 

Loss  by  evaporation  from  a  water  surface. 


Month. 


Jannary. 
February 
March... 
April .... 

May 

June 

July 


Quantity. 


Inches, 
8 

4 

6 

7 

10 

u 

12 


Month. 


Aug^ust.... 
September 
October... 
November 
December. 

Total - 


Quantity. 


Inchea. 

18 

10 

6 

5 

4 
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It  is  obvious  that  in  order  to  obtain  an  approximate  idea  of  the  loss 
by  evaporation  from  a  reservoir,  an  estimate  must  be  made  of  the  area 
that  will  be  exposed  to  evaporation.  For  this  purpose  the  following 
table  has  been  prepared.  It  is  assumed  that  100,000  acre-feet  of 
water  should  be  in  the  Buttes  reservoir  at  the  end  of  the  irrigation 
season,  or  on  November  1,  of  each  year.  The  amount  of  water,  in 
acre-feet,  that  will  probably  flow  into  the  reservoir  during  November 
has  been  obtained  from  the  table  of  the  estimate  of  monthly  mean, 
annual,  and  mean  annual  discharges  of  the  river  at  the  Buttes.  The 
amount  of  inflow  for  each  month  is  added  to  the  amount  of  water 
available  from  the  previous  months.  The  annual  consumption  from 
the  reservoir  is  assumed  to  be  the  capacity  of  a  completely  filled  res- 
ervoir, which  in  the  case  of  the  Buttes  is  174,040  acre-feet.  The 
amount  of  this  water  consumed  each  month  has  been  estimated  in  the 
column  marked  ''Portion  of  reservoir  used." 


EVAPORATION. 
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It  is  assumed  that  a  certain  amount  of  water  will  always  be  required 
in  the  canals,  even  ia  winter  time,  for  the  irrigation  of  annual  plants 
and  to  provide  for  domestic  and  stock  water.  The  fifth  column  of 
tbe  table  is  entitled  "Outflow  for  irrigation,"  and  is  given  for  each 
uOQth  of  the  year.  This  is  obtaine<1  by  multiplying  the  annual  con- 
sumption by  the  per  eont  used  each  month.  This  monthly  consump- 
tion is  deducted  from  the  amount  available  in  the  reservoir  at  the  end 
of  each  month,  and  from  these  figures  the  mean  area  of  the  water 
snrface  in  the  reservoir  each  month  is  obtained  and  given  in  column 
six,  entitled  "Area  exposed  to  evaporation."  The  depth  of  evaiwra- 
tiun  for  each  month  is  then  taken  from  the  above,  and  the  resulting 
loss  by  evaporation  is  shown  in  the  eighth  column,  entitled  "  Loss  by 
evaporation."  The  next  column  shows  the  total  loss  from  the  reser- 
voir from  evaporation  and  irrigation;  the  tenth  column,  the  ramainder 
in  the  reservoir  at  the  end  of  each  month,  and  the  eleventh  column, 
the  amount  that  is  wasted  from  a  full  reservoir,  the  capacity  of  the 
reservoir  being  174,040  acre-feet,  and  the  annual  outflow  of  the  basin 
at  the  Buttes  being  estimated  as  469,093  acre-feet,  as  shown  in  the 
table  on  page  30.  In  an  average  year  the  total  waste  i»  193,590  acre- 
feet  of  water. 

The  loss  by  evaporation  under  the  above  conditions  would  be  22,370 
acre-feet,  but  there  atill  would  be  available  from  the  reservoir  for  irri- 
gation its  full  capacity  of  174,040  acre-feet  of  wat«r.  It  is  of  interest 
to  note  that  under  the  above  conditions  there  never  wonlU  be  less  than 
132,320  acre-feet  of  water  in  the  resf^rvoir,  which  is  sufficient  to  pro- 
vide for  a  complete  summer  irrigation,  in  case  the  stream  should  l)e 
eptirely  dry  for  a  period  of  five  months, 

cacfi  month,  icith 
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As  the  conditions  above  named  are  all  assumed,  the  figures  used 
are  round  numbers.  It  is  probable  that  a  more  complete  knowledge 
of  the  stream  will  permit  of  a  greater  annual  consumption  by  irriga- 
tion than  the  capacity  of  the  reservoir  alone  would  indicate.  The 
driest  year  of  which  we  have  any  record  would  permit  the  use  of 
174,040  acre-feet  of  water  from  the  Buttes  reservoir,  with  a  substan- 
tial reserve. 

Accurate  observations  of  evaporation  are  always  difficult  to  obtain, 
owing  to  variation  in  wind  velocities  and  general  exposure  of  the  evap- 
orating pan.  The  effort  should  be  made  to  have  conditions  in  the 
evaporation  pan  that  would  be  similar  to  those  existing  in  the  reser- 
voir, from  which  the  loss  from  this  source  is  to  be  determined.  For 
this  reason  it  is  necessary  to  float  the  evaporation  pan  in  the  river  or 
in  a  canal,  and  the  fluctuations  of  the  water  surface  are  often  so 
great  that  the  pan  is  frequently  either  upset  or  entirely  lost.  Rain 
falling  on  the  pan  has  also  to  be  considered,  and  it  is  known  that  the 
amount  of  catchment  in  a  pan  3  feet  square  is  relatively  larger  than 
the  catchment  in  a  standard  rain  gage,  the  diameter  of  whose  cup  is 
8  inches.  In  the  Twelfth  Annual  Report  of  the  Survey,  page  235,  is 
given  a  statement  of  some  evaporation  observations  made  in  the 
Southwest.  These  do  not  cover  complete  months  and  may  be  mis- 
leading. 

Observations  of  evaporation  from  graduated  tubes  were  made  at 
the  Buttes  from  January  to  July,  1899.  These  tubes  were  exposed 
in  the  shade,  and  the  wind  was  prevepted  from  acting  directly  on  the 
water's  surface.  The  results  obtained  are  of  doubtful  value  and  are 
not  used.  In  July,  1899,  an  evaporating  pan  was  floated  in  the  river 
at  the  Buttes,  but  the  record  was  so  much  interfered  with  by  high 
water  upsetting  the  pan  that  it  is  considered  unreliable.  Later  the 
attempt  was  made  to  float  the  pan  in  an  artificial  pond. 

SPILLWAY  PROVISIONS. 

The  accompanying  illustrations,  Pis.  V,  IX,  and  XII,  exhibit  the 
conditions  at  the  Buttes  dam  site,  and  show  the  principal  features  of 
the  proposed  spillway.  In  the  report  by  Mr.  Davis,  of  1896,  he  deter- 
mined the  maximum  flood  that  would  have  to  be  provided  for  at  the 
dams  in  this  stream,  as  follows: 

The  first  consideration  in  plans  for  a  dam  under  the  circamstances  here  pre- 
sented is  the  provision  for  a  safe  and  adequate  spillway.  The  large  catchment  area 
of  this  stream,  its  moantainons  character,  the  paucity  of  soil  and  vegetation  on 
these  moimtains,  exposing  considerable  area  of  bare  rock  on  steep  slopes,  and  the 
sndden  and  violent  nature  of  the  summer  rainstorms  indicate  the  necessity  of  a 
spillway  of  large  proportions.  What  this*  capacity  should  be  is  recognized  as  one 
of  the  important  and  difficult  problems.  The  best  evidence  thus  far  obtained 
regarding  past  freshets  on  this  river  was  kindly  furnished  by  Mr.  Albert  T.  Col- 
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toD.  The  greatest  rise  so  far  recorded  on  the  Gila  Biver  occurred  on  the  2dd 
of  Febmary,  1891.  Considerable  evidence  was  obtained  that  no  such  flood  has 
occurred  since  a  date  many  years  before  the  advent  of  the  white  man.  Irrigating 
ditches  supposed  to  be  extremely  old  were  overflowed  and  destroyed.  Lands  were 
oveiflowed  that  had  retained  no  evidence  of  any  previons  inundation. 

On  Jane  12,  1892,  abont  sixteen  months  after  this  flood,  Mr.  Oolton  fonnd  marks 
of  high  water  on  both  banks  of  the  river  far  above  any  of  the  ordinary  freshets, 
which  he  attributed  to  the  great  flood.  This  point  was  abont  3^  miles  below  the 
head  of  the  Florence  canal,  or  approximately  6  miles  below  the  Buttes.  With 
his  level  he  took  a  cross  section  of  the  river  at  this  point  and  measured  the  slope 
of  the  channel.  The  cross  section  he  obtained  was  6.600  square  feet.  The  slope 
measured  was  10.56  feet  per  mile.  The  channel  was  sandy  and  free  of  brush  or 
large  bowlders  or  other  obstructions  for  a  distance  of  300  feet  above  and  800  feet 
below  the  cross  section.  This  information,  meager  as  it  is,  is  the  best  we  have 
npon  which  to  estimate  the  discharge  of  the  river  at  that  time. 

The  difficulty  in  obtaining  correct  results  of  this  discharge  lies  in  the  uncer- 
tainty of  the  retarding  effect  of  the  channel  upon  the  flow  of  the  water.  This 
retarding  effect  in  a  rough  river  bed  is  very  great.  Assuming  this  quantity  as 
smaU  as  it  could  possibly  be,  a  computation  of  the  discharge  was  made,  using 
Entter*s  formula.  The  factor  of  roughness  designated  in  the  formula  as  **  n  **  was 
taken  as  0.025.  Not  that  this  was  considered  the  correct  factor,  as  it  is  almost 
certainly  too  small,  but  by  assuming  the  smallest  possible  value  of  "  n  "  we  obtain 
the  largest  discharge,  and  it  is  the  largest  discharge  that  should  be  provided  for 
in  the  construction  of  a  spillway.  It  is  thought,  therefore,  that  this  computation 
will  give  conservative  results,  and  that  a  spillway  based  upon  the  discharge 
obtained  would  be  safe.  The  result  obtained  was  102,566  cubic  feet  per  second. 
And  it  is  to  accommodate  this  discbarge  that  the  spillway  is  planned.  It  will  be 
seen  at  once  that  no  such  spillway  could  be  economically  provided  artificially,  and 
that  the  accommodation  of  the  topography  to  the  provision  of  this  spillway  is  one 
important  determining  feature  of  the  location  and  height  of  the  dam. 

SII.T. 

The  following  further  quotation  is  made  from  the  same  report  of 
Mr.  Davis: 

The  amount  of  solid  material  carried  by  such  a  stream  as  the  Gila  can  be  learned 
only  by  imiK>unding  it.  As  it  is  considerable,  it  is  obvious  that  a  reservoir  built  on 
this  water  course  will  eventually  fill  with  solid  matter  unless  means  are  provided 
for  its  removal.  No  entirely  sufficient  plan  for  this  purx)ose  has  ever  been  put  in 
operation.  It  is  usually  assumed,  and  often  with  truth,  that  the  life  of  the  reser- 
mr  is  sufficiently  long  to  justify  its  construction  even  though  it  will  eventually 
fill  and  have  its  usefulness  destroyed.  This  disposition  of  the  problem,  however, 
is  not  applicable  to  the  present  case.  The  amount  of  material  carried  by  this 
stream  is  too  large  and  the  necessity  of  the  reservoir  to  the  life  of  the  district  to 
be  irrigated  from  it  is  too  vital  to  justify  this  convenient  solution  or,  rather,  eva- 
sion of  the  problem. 

The  most  astonishing  accounts  are  obtained  from  the  inhabitants  of  this  region 
of  the  quantity  of  silt  carried  in  suspension  by  this  stream  when  in  flood.  Many 
people  in  their  emphatic  expressions  place  the  quantity  at  one-half  the  volume, 
though,  of  course,  this  is  impossible.  It  is  said,  however,  that  in  the  months  of 
July  and  August,  when  the  surface  of  the  ground  is  exceedingly  dry,  when  it  has 
been  ground  to  powder  even  in  the  most  isolated  and  apparently  inaccessible 
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localities  by  range  cattle  and  horses  in  search  of  grass,  when  the  great  torrential 
**clond-bnr8ts/*  to  which  this  country  is  subject,  fall  upon  such  ground  and  rush 
off  the  steep  slopes  into  the  stream  with  prodigious  velocity,  the  amoiint  of  silt 
carried  in  suspension  by  the  roaring  torrent  is  very  greati 

Attempts  have  been  made,  however,  by  private  parties  from  time  to  time  to 
measure  the  amount  of  suspended  material.  The  most  important  and  reliable  of 
these  measurements  were  those  made  by  Mr.  Albert  T.  Colton  in  the  month  ending 
August  7, 1893,  and  by  Mr.  W.  Richins  at  the  Buttee.  Mr.  Colton  found  the  per- 
centage of  silt  by  volume  averaged  2. 2  per  cent.  As  these  observations  were  taken 
and  reduced  by  Mr.  Colton,  who  is  a  competent  engineer,  they  are  adopted  as  cor- 
rect. The  observations  by  Mr.  Richins  extended  from  July  20  to  December  31, 
1895.    They  were  taken  by  the  following  method: 

A  sample  of  the  water  was  poured  into  a  slender  glass  tube  until  it  reached 
the  height  of  100  divisions  on  a  convenient  scale,  and  was  then  allowed  to  settle 
several  days,  until  the  main  portion  of  the  water  was  clear.  The  height  of  the 
sediment  on  the  same  scale  was  then  read  and  the  result  recorded  as  the  percent- 
age of  mud  carried  by  the  water.  The  existence  of  this  record,  and  the  ease  with 
which  more  of  such  observations  could  be  taken,  made  it  important  that  an 
approximate  relation  be  established  between  the  volume  of  this  mud  and  that  of 
the  actual  solid  matter  it  contained.  For  this  purpose  several  laboratory  determi- 
nation^ have  been  made  with  muddy  samples  of  Gila  water  by  settling  and  read- 
ing the  volume  of  mud  as  above  and  then  drying  the  residue  at  100°  C.  and  deter- 
mining its  volume. 

These  observations  indicate  an  average  ratio  of  dry  matter  to  mud  of  about  one- 
fifth,  and  this  factor  has  been  used  to  reduce  the  mud  observations  of  Mr.  Richins 
to  solid  matter. 

It  should  be  remembered  that  these  observations  take  no  account  of  material 
that  is  rolled  on  the  bottom  of  the  stream. 

On  page  32  of  Mr.  Davis's  report  of  1896  a  table  is  given  showing 
the  percentage  of  mud  and  solid  matter  carried  each  day  from  July 
29  to  December  31  in  Gila  River  at  the  Buttes.  The  following  table 
gives,  in  columns  Nos.  3  and  4,  this  percentage  of  mud  and  of  solids. 
In  column  No.  2  the  number  of  acre-feet  discharged  on  corresponding 
dates  is  given,  and  columns  Nos.  5  and  6  give  the  number  of  acre-feet 
of  mud  and  solids  for  the  same  dates.  During  this  period  the  volume 
of  water  discharged  at  the  Buttes  was  300,523  acre-feet,  and  from  the 
table  it  is  found  that  37,984  acre- feet  of  mud  was  carried  in  suspension 
by  this  water.  This,  reduced  by  the  ratio  of  5  to  1,  as  adopted  by  Mr. 
Davis,  gives  7,704  acre-feet  of  solids.  The  average  amount  of  mud 
during  this  period  is  10.5  per  cent. 
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Discharge  of  sediment  of  Qila  River  at  the  Bvttesfor  1896 — Continned. 
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792 

1,060 

1,822 

f'S 
1,«SBd 

1,228 

1,228 

1,109 

1,109 

1,822 

1,980 

1.822 

1,228 

990 

792 

792 

634 

634 

634 

504 

2,277 

14,850 

4.752 

4. 752 

4,158 

8.366 

2,970 

2,574 

Ptrct, 
5 
8 
8 
5 
6 
8 
3 
3 
2 
2 
2 
3 
8 
2 
2 
0 
0 
0 
0 
0 
0 
3 
5 
5 
5 
3 
3 
3 
3 
2 

Perci. 
1.0 
.6 
.6 
1.0 
1.0 
.6 
.6 
.6 
.4 
.4 
.4 
.6 
.6 
.4 
.4 
.0 
.0 
.0 
.0 

:8 

.6 

1.0 

1.0 

1.0 

.6 

.6 

.6 

.6 

.4 

Aert'ft 

24 

24 

99 

91 

55 

87 

87 

25 

22 

22 

65 

50 

36 

25 

0 

0 

0 

0 

0 

0 

18 

114 

743 

238 

143 

186 

101 

80 

51 

Acre-ft. 

2,  in 

2,()20 
1,822 
1,822 
1,822 
1,822 
1.668 
1,663 
1.668 
1.625 
1,527 
1,471 
1,471 
1,471 
1,416 
1,416 
1,416 
1,360 
1,360 
1,360 
1,305 
1,240 
1,360 
1.471 
1,360 
1,305 
1.249 
1,102 
1,137 
1,081 
1,086 

Perct. 
8 
2 
8 
8 
8 
2 

0 
0 
0 
0 
0 

1 
1 

1 

0 
0 
0 
8 

2 

1 
1 
1 
0 
0 
0 

Per  ct. 
0.4 

•  % 

.2 
.2 
.2 
.2 
.2 
.2 
.0 
.0 
.0 
.0 
.0 
.2 
.2 
.2 
.0 
.0 
.0 
.4 
.4 
.2 
.2 
.2 
.0 
.0 
.0 

Acre-n 
40 

as 

36 

36 

86 

17 

17 

17 

15 

16 

15 

0 

0 

0 

0 

0 

14 

14 

14 

0 

0 

0 

20 

27 

IS 

18 

18 

0 

0 

0 

Acre/t 

8 
7 
7 
7 
7 
3 
8 
3 
8 
8 
8 
0 
0 
0 
0 
0 
3 
3 
3 
0 
0 
0 

J 

8 

8 

8 

0    1 

0 

0 

8 

8 

4 

5 

6 

7 

8 

0 

10 

11 

18 

18 

14 

16 

16 

17 

18 

10 

80 

21 

22 

28 

84 

85 

26 

87 

28 

20 

30 

31 

Total. 

66,633 

2,273 

554 

46,177 

m 

80 

1 

Beginning  on  January  1,  1899,  and  continning  until  July  31,  1899, 
silt  observations  were  again  maintained  at  the  Buttes,  the  amount  of 
mud  and  silt  being  determined  as  was  done  in  1895.  The  results  are 
shown  in  the  following  table.  This  differs  slightly  in  construction 
from  the  previous  table,  but  gives  results  which  corresi)ond  with  it. 
Column  No.  2  gives  the  daily  discharge  of  the  river  in  second-feet, 
column  No.  3  the  per  cent  of  solids,  and  column  No.  4  the  solids  in 
second-feet.  From  the  mean  monthly  discharge  in  second-feet  of 
water  and  of  solids,  the  acre-feet  of  each  for  each  month  is  determined, 
as  indicated.  The  total  amount  of  water  discharged  during  the  first 
seven  months  of  1899  was  118,981  acre-feet,  and  the  amount  of  solids 
determined  was  1,893  acre-feet,  or  1.6  per  cent  of  solids  or  8  per  cent 
of  mud. 

Adding  the  total  number  of  acre-feet  of  water  during  the  period  of 
silt  observations  in  1895  to  the  acre-feet  of  water  discharged  in  1899 
gives  479,504  acre-feet  of  waterand  a  total  amount  of  solids  duringthe 
entire  period  of  9,597  acre-feet.  From  these  figures  an  average  of  2 
per  cent  of  solids  for  the  entire  period  of  observation  is  determined. 
It  will  be  noted  that  the  observations  in  1895  began  on  July  29  and 
extended  to  December  31,  while  the  observations  of  1899  began  Janu- 
ary 1  and  extended  to  July  31,  inclusive,  making  one  complete  year 
and  three  days.    The  total  mean  annual  discharge  of  water  of  Gila 
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Discharge  of  sediment  of  OUa  lUver  at  the  Bvttes  for  1899, 

[Obserrer,  C  W.  Lemon.] 


Day. 

• 

Febroary. 

March. 

1 

Water. 

SoUds. 

SoUda 

Water. 

Solids. 

Solids. 

Water. 

SoUdB. 

SoUds. 

aec.fi. 
380 

Ptrct. 

Sec-/*. 

Sec.  ft. 

Ptrct. 

Sec-ft. 

Sec-ft. 

Perct. 

8ec-ft. 

1 

1.0 

0.04 

170 

0.1 

0.08 

126 

0 

0.QS 

2 

845 
370 
256 

1.0 
1.0 
1.0 

.00 
.74 
.51 

200 
650 
456 

.1 
.3 
.8 

.04 
.38 
.20 

156 
166 
110 

.OB 
.06 
.02 

3 

4 

1     5 

300 
275 
266 
275 
256 
235 
275 
480 
800 
500 
435 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

.00 
.56 
.51 
.56 

.51 
.47 
.56 
.00 
1.00 
1.00 
.87 

845 

410 

235 

236 

200 

800 

265 

800 

275 

275  • 

275 

.2 
.2 
.1 
.2 
.1 
.1 
.1 
.1 
.1 
.5 
.8 

.16 
.16 
.06 
.09 
.04 
.06 
.06 
«       .06 
.05 
.27 
.44 

110 
110 
156 
166 
110 
140 
140 
140 
140 
100 
100 

.00 
.02 
.08 
.06 
.OS 
.08 
.08 
.08 
.08 
.02 
.02 

6 

7  :::.::::-. 

8 

9      

10      

'•    Jl  

.    12 

13 

u 

15 

16 

300 
345 
345 
320 

1.0 
1.0 
1.0 
1.0 

.78 
.09 
.00 
.04 

255 
170 
170 
140 

.4 
.4 
.4 
.4 

.20 
.14 
.14 
.11 

100 
110 
156 
156 

.02 
.02 
.08 
.08 

1    17     

1«.'"I" 

19 

275 
266 
235 
320 
370 
256 

o 

.2 
.2 
.3 
.2 
.2 

.16 
.10 
.00 
.10 
.15 
.10 

170 
170 
170 
156 
200 
166 

.3 
.8 
.8 
.3 
.8 
.2 

.10 
.10 
.10 
.09 
.12 
.06 

155 
156 
140 
140 
140 
140 

.08 
.08 
.08 
.08 
.08 
.08 

21 

23 

23 

24 

25 

38 

300 

235 

255 
295 
170 
186 

•2 
.3 
.3 
.8 
.1 
.1 

.12 
.14 
.15 
.14 
.08 
.04 

156 
170 
125 

.2 
.2 
.2 

.06 
.07 
.05 

140 
125 
110 
125 
110 
100 

1 

.08 

.02 
.02 
.02 
.02 
.02 

27 

29             

31              

Mean^aea- 

818 

.48 

239 

.12 

180.6 

.12 

Acre-feet  . 

19,662 

30 

13,273 

7 

7,988 

1.0 

■ 

April 

May. 

June. 

July. 

Day. 

Wi 

iter. 

Sol- 
idB. 

Sol- 
ids. 

Water. 

Sol- 
ids. 

Solids. 

Water 

Sec-ft 
5 

Sol- 
ids. 

Solids. 

Water. 

Sol- 
ids. 

Solids. 

1 

Sec^. 

P.ct. 
T. 

S.-ft, 
0.01 

8ec.-n. 

P.ct. 
T. 

See.-ft. 
0 

P.ct. 
T, 

Sec-ft. 
0 

Sec'ft. 
6 

P.ct. 
T. 

^t 

2 

90 

T. 

.01 

84 

T. 

0 

36 

T. 

0 

6 

T. 

0 

8. ...... 

90 

T. 

.01 

30 

T. 

0 

20 

T. 

0 

5 

T. 

0 

4 

100 

T. 

.01 

30 

T. 

0 

16 

T. 

0 

3 

T. 

0 

5 

100 

T. 

.01 

31 

T. 

0 

12 

T. 

0 

8 

T. 

0 

6 

100 

T. 

.01 

28 

T. 

0 

11 

T. 

0 

8 

T. 

0 

7 

80 

T. 

.01 

26 

T. 

0 

16 

T. 

0 

2 

T. 

0 

8 

TO 

T. 

.01 

25 

T. 

0 

6 

T. 

0 

2 

T. 

0 

9 .-. 

00 

T. 

.01 

24 

T. 

0 

5 

T. 

0 

2 

T. 

0 

10 

60 

T. 

.01 

24 

T. 

0 

5 

T. 

0 

2 

T. 

0 

11 

50 

T. 

.01 

24 

T. 

0 

4 

T. 

0 

300 

27 

16.20 

12 

70 

T. 

.01 

23 

T. 

0 

4 

T. 

0 

320 

26 

16.64 

13 

70 

T. 

.01 

28 

T. 

0 

2 

T. 

0 

250 

20 

10.00 

14    

70 

T. 

.01 

20 

T. 

0 

2 

T. 

0 

130 

20 

5.20 

15 

00 

T. 

.01 

16 

T. 

0 

2 

T. 

0 

00 

18 

8.24 

16 

00 

T. 

.01 

14 

T. 

0 

2 

T. 

0 

170 

12 

4.08 

17 

00 

T. 

.01 

12 

T. 

0 

1 

T, 

0 

250 

24 

12.00 

18 

00 

T, 

.01 

13 

T. 

0 

1 

T. 

0 

920 

10 

18.40 

19 

00 

T. 

.01 

13 

T. 

0 

1 

T. 

0 

1,800 

22 

79.20 

2(1 

60 

T. 

.01 

14 

T. 

0 

1 

T. 

0 

8.700 

14 

248.60 

,    21 

00 

T. 

.01 

12 

T. 

0 

1 

T. 

0 

4,100 

10 

82.00 

22 

GO 

T. 

.01 

10 

T. 

0 

1 

T. 

0 

2,260 

14 

63.28 

1    23 

GO 

T. 

.01 

8 

T. 

0 

1 

T. 

0 

1,900 

15 

57.00 

24 

00 

T. 

.01 

9 

T. 

0 

1 

T. 

0 

1.550 

10 

31.00 

IS 

GO 

T. 

.01 

11 

T. 

0 

1 

T. 

0 

1,445 

10 

28.90 

» 

40 

T. 

.01 

12 

T. 

0 

2 

T. 

0 

1,560 

8 

24.80 

27 

20 

T. 

.01 

13 

T. 

0 

2 

T. 

0 

1,550 

7 

21.70 

28 

30 

T. 

.01 

10 

T. 

0 

1 

T. 

0 

3.640 

10 

72.80 

29 

80 

T. 

.01 

0 

T. 

0 

1 

T. 

0 

2,440 

15 

Ta20 

30 

31 

30 

T. 

.01 

6 
4 

T. 
T. 

0 
0 

2,475 
090 

10 
12 

49.50 
28.76 

Mean, 

sec. -ft. 

08.3 

.01 

18.2 

0 

5.4 

0 

U88.2 
73,060 

80.21 

Acre-feet 

3,080 

1.0 

1,107 

0 

30.7 

0 

1,854 

T.— Trace. 
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River  at  the  Buttes  has  been  determined  as  469,093  acre-feet.  If  2 
per  cent  of  this  volume  be  considered  as  solids,  it  will  indicate  an 
annual  discharge  of  solids  of  9,382  acre-feet,  which  corresponds  very 
closely  with  the  9,597  acre-feet  determined  in  the  twelve  months  dur- 
ing which  observations  occurred. 

The  capacity  of  the  Buttes  reservoir,  with  the  dam  150  feet  high  to 
the  spillway,  is  174,040  acre-feet.  If  9,711  acre-feet  of  solid  matter  is 
delivered  to  the  reservoir  each  month,  and  it  all  settles  in  passing 
through  the  basin,  this  reservoir  would  fill  with  solid  matter  in 
eighteen  and  six-tenths  years.  The  mean  annual  flow  of  water  of 
Gila  River  at  San  Carlos  has  been  determined  as  422,184  acre-feet. 
If  2  per  cent  of  this  volume  is  solids,  there  would  be  delivered  to  the 
reservoir  8,443  acre-feet  of  solids  per  annum.  The  capacity  of  the 
San  Carlos  reservoir,  with  the  dam  as  planned,  130  feet  high  to  the 
spillway,  is  241,396  acre-feet.  If  8,443  acre-feet  of  solid  matter 
should  be  delivered  to  this  reservoir  each  year  and  should  be  depos- 
ited therein,  it  would  fill  in  twenty-eight  and  five-tenths  years. 

These  figures  show  the  exceeding  gravity  of  the  silt  proposition  on 
Gila  River.  No  other  stream  is  known  in  America  which  carries  such 
large  volumes  of  debris.  It  is  evident  that  some  provision  must  be 
made  to  avoid  the  destruction  of  the  reservoir  or  the  building  of  the 
dam  would  be  useless.  It  would  be  cruel  to  develop  a  civilization 
upon  irrigation  which  would  have  to  be  destroyed  at  the  end  of  a  gen- 
eration. It  is  extremely  fortunate  that  thei*e  is  more  than  one  reser- 
voir site  on  Gila  River  the  water  from  which  would  be  available  for 
irrigation  in  the  neighborhood  of  the  Gila  River  Indian  Reservation. 
If  a  dam  should  be  constructed  at  San  Carlos  and  the  reservoir  become 
filled  with  silt,  it  would  be  possible  to  construct  at  the  end  of  the 
twenty-eight  and  five- tenths  years  a  second  dam  at  Riverside  of  equal 
capacity,  and  after  that  reservoir  became  filled  with  silt  the  dam  at 
the  Buttes  could  be  built.  A  fourth  reservoir  site  of  considerable 
value  may  be  found  at  Guthrie,  above  the  Solomonville  Valley,  on 
the  same  stream,  and  of  large  capacity.  In  the  case  of  all  these  dams 
the  capacity  increases  very  rapidly  with  an  increased  height  of  dam. 
For  instance,  if  the  Buttes  dam  should  be  raised  10  feet  above  the 
150-foot  contour,  its  capacity  would  be  increased  33,755  acre-feet;  and 
if  raised  20  feet,  its  capacity  would  be  increased  72,355  acre-feet.  If 
the  San  Carlos  dam  should  be  increased  in  height  20  feet,  its  storage 
capacity  would  be  increased  135,780  acre-feet.  It  would  therefore 
be  possible  to  very  greatly  increase  the  storage  capacity  of  these  res- 
ervoirs by  building  the  dams  to  greater  heights  as  the  basin  filled  with 
mud.  The  spillways  of  the  San  Carlos  dam,  as  planned,  could  be 
raised  1.24  feet  in  height,  increasing  the  capacity  of  the  reservoir  to 
that  extent  at  small  cost,  without  endangering  the  structure. 

The  silt  which  is  carried  by  Gila  River  is  exceedingly  light  and 
requires  a  number  of  days  to  settle  in  a  test  tube,  and  it  is  believed  that 
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a  portion  of  it  will  remain  in  suspension  nntil  it  is  carried  over  the  spill- 
way or  through  the  gates.  As  irrigation  is  practiced  on  the  flat  lands 
of  the  Gila  Valley  the  water  plane  in  that  district  will  be  raised 
much  nearer  to  the  surface  than  it  is  now,  and  less  irrigation  will  be 
necessary.  Numerous  points  are  known  in  the  San  Joaquin  Valley, 
in  California,  where  water  could  not  be  obtained  in  wells  prior  to  irri- 
gation, and  where  now,  after  twenty  years  of  irrigation,  water  is  stand- 
ing at  the  surface.  Near  Fresno,  California,  the  water  plane  has  risen 
to  such  an  extent  that  but  one  irrigation  a  year  is  needed  on  the 
vineyards. 

When  the  irrigation  country  has  developed  te  the  extent  that  all 
water  available  from  the  reservoir  is  required,  and  when  the  reservoir 
has  reached  the  point  where  the  silting  endangers  the  community,  it 
probably  will  be  advisable  te  construct  a  large  storm  channel  around 
the  margin  of  the  reservoir  and  above  the  maximum  water  line  to 
carry  as  much  as  possible  of  the  water  of  the  river.  Such  portion  of 
the  water  as  is  needed  for  irrigation  below  can  be  passed  through  this 
canal  without  stopping  in  the  reservoir  and  may  be  diverted  at  the 
proper  point  near  the  irrigated  fields.  This  canal  could  be  constructed 
of  large  section  for  the  firat  portion  of  its  course  and  the  section  after- 
wards reduced.  A  spillway  should  be  located  at  the  point  where  the 
canal  is  reduced  in  capacity  and  the  excessive  water  be  drawn  from 
the  top  of  the  canal  into  the  reservoir,  A  larger  portion  of  the  sedi- 
ment which  would  travel  in  the  bottom  of  the  channel  would  remain 
in  the  conduit,  and  the  clarified  water  would  be  discharged  into  the 
reservoir.  A  velocity  may  be  maintained  in  the  remaining  portion  of 
the  canal  sufficient  to  carry  the  silt  through  it  to  the  river  below  the 
dam. 

The  suggested  canal,  being  above  the  maximum  water  line,  would 
provide  an  effective  head  for  hydraulic  giants  for  sluicing  the  silt 
which  had  previously  been  deposited  in  the  reservoir.  On  favorable 
occasions,  when  the  reservoir  was  practically  empty,  this  sluicing  or 
washing  out  of  the  basin  could  be  practiced.  On  July  11, 1899,  there 
was  27  per  cent  of  mud  in  Gila  River  at  the  Buttes.  This  is  the 
greatest  amount  of  sediment  ever  observed  in  this  river.  From  this 
it  will  be  seen  that  the  suspended  matter  is  exceedingly  light,  and  it 
would  therefore  be  possible  to  move  large  quantities  of  this  loose  mud 
with  hydraulic  giants  and  carry  it  in  temporary  flumes,  or  even  in  the 
river  channel  itself,  through  openings  in  the  dam.  Experience  with 
light  silt  in  constructed  reservoirs  elsewhere  shows  the  greatest  deposits 
to  occur  where  the  water  is  deepest,  which  is  near  the  dam.  Here  is 
also  the  greatest  storage  capacity  of  the  basin. 

The  drop  from  the  storm  canal  to  the  bed  of  the  river  below  the 
dam  would  probably  be  not  less  than  150  feet.  If  500  cubic  feet  of 
water  per  second  should  be  discharged  through  this  canal,  over  8,475 
theoretical  horsepower  could  be  developed.     During  certain  periods 
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of  the  year  Gila  River  is  almost  dry,  and  this  power  would  not  be 
available  from  the  canal ;  but  when  such  occasions  existed  in  the  river . 
the  reservoir  would  necessarily  be  drawn  upon  for  irrigation,  and 
power  could  be  obtained  from  the  discharge  from  the  reservoir.  It  is 
possible  that  from  2,000  to  6,000  horsepower  could  be  developed  in 
this  manner.  The  section  of  Arizona  in  the  neighborhood  of  San 
Carlos  is  highly  mineralized.  Copper  mines  of  great  value  are  to  be 
found  at  Globe  and  at  Riverside.  New  and  effective  processes  have 
been  discovered  for  reducing  copper  matte  electrically.  Fuel  is  high 
priced.  On  the  above  basis  it  is  reasonable  to  presume  that  when  the 
time  arrives  for  the  building  of  the  storm  canal  around  the  reservoir 
sufficient  revenue  can  be  obtained  from  power  to  pay  the  interest  on 
the  cost  of  construction  of  the  storm  ditch.  This  power  could  also  be 
used  in  cleaning  out  the  reservoir  with  hydraulic  dredges. 

While  the  deposit  of  silt  in  the  reservoir  is  probably  the  most  seri- 
ous question  in  connection  with  the  impounding  of  water  on  the  Gila, 
it  is  believed,  on  the  basis  of  the  above  arguments,  that  the  situation 
could  be  controlled  and  that  the  reservoir  may  be  made  t.o  do  service 
through  a  long  period  of  years,  if  not  indefinitely. 

BXPIiORATIONS  FOR  BEB  ROCK  AT  THE  BXJTTE8. 

The  material  that  covers  the  bed  rock  at  the  Buttes  and  at  Queen 
Creek  is  a  sand  and  gravel  saturated  with  water  in  the  bed  of  a  can- 
yon, through  which  varying  volumes  of  water  might  be  expected  to 
be  discharged,  ranging  from  100  cubic  feet  per  second  to  1,000  cubic 
feet  per  second  during  the  periods  of  low  water  on  the  river.  These 
low  stages  of  the  river  might  be  expected  to  exist  from  the  1st  of  April 
to  the  1st  of  July,  after  which  violent  floods  of  much  greater  volume 
would  probably  occur  at  the  Buttes  dam  site. 

On  Queen  Creek  large  bowlders  occur  at  the  surface,  and  although 
the  stream  might  be  expected  to  be  entirely  dry  during  corresponding 
dates,  after  that  time  violent  fioods  might  occur  any  day.  Great 
reticence  was  felt  on  the  part  of  everyone  in  giving  figures  that  should 
be  regarded  as  even  roughly  approximate  for  this  work.  Numerous 
well  drillers  were  interviewed  in  San  Francisco  and  in  southern  Cali- 
fornia, and  none  cared  to  bid,  under  the  conditions.  Two  methods  of 
going  to  bed  rock  were  suggested — one  by  means  of  open  shafts,  and 
the  other  by  the  use  of  the  diamond  core  drill.  Only  one  bid  was 
received  in  reply  to  proposals,  and  that  at  the  rate  of  $15  per  linear 
foot.  This  was  rejected  as  too  high.  It  was  admitted  by  all  that  the 
diamond  core  drill  would  work  accurately  and  easily  in  solid  rock, 
but  when  it  came  to  going  through  bowlders  of  varying  size  it  was 
conceded  to  be  exceedingly  difficult,  if  not  wholly  impracticable. 

As  stated  above,  the  one  bid  was  rejected,  and  the  Geological  Survey 
carried  on  this  work  at  the  points  in  question,  and  succeeded  in 
thoroughly  solving  the  problem,  largely  owing  to  the  experience  which 
Mr.  Arthur  P.  Davis  had  acquired  in  work  in  Nicaragua. 
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DIAMOND  CORE  DRILL.  . 

As  this  work  was  somewhat  unique,  it  will  be  of  int.erest  to  give  its 
progress  in  detail,  together  with  a  description  of  the  tools  employed. 
Id  considering  the  matter  of  going  down  with  a. shaft  the  most  serious 
problems  would  be  the  water  encountered.  In  working  with  a  shaft 
the  river  would  have  to  be  carried  in  a  flume  by  the  works  for  a  long 
distance.  A  large  pump  would  have  to  be  kept  going  constantly  in 
the  shaft,  and  it  is  doubtful  if  under  the  most  favorable  conditions  it 
would  be  able  to  handle  the  amount  of  water  which  would  be  encoun- 
tered. Pumps  with  valves  would  be  barred  on  account  of  the  large 
amount  of  sand  suspended  in  the  water.  It  was  estimated  that  it 
would  cost  $46  per  vertical  foot  to  sink  shafts  under  these  conditions. 
This  would  permit  of ^  putting  down  about  four  holes  at  the  Buttes 
with  the  funds  available,  with  bed  rock  at  from  75  to  123  feet.  The 
actual  cost  of  sinking  170  linear  feet  of  shaft  at  the  mouths  of  one  of 
the  canyons  of  a  southern  California  river,  in  an  attempt  to  determine 
bed  rock,  was  $35.87  per  foot,  the  depths  in  this  case  varying  from  15 
to  30  feet,  and  the  material  through  which  the  shafts  were  sunk  con- 
sisting of  sand  and  bowlders.  This  included  the  labor  of  building  700 
feet  of  flume,  but  not  the  cost  of  the  lumber,  which  was  furnished  by 
the  company  for  all  work.  There  was  pumped  from  these  shafts  with 
a  100-horsepower  boiler  and  engines  over  100,000  gallons  per  hour, 
and  yet  the  water  could  not  be  kept  down,  and  the  deepest  shaft  had 
finally  to  be  abandoned  before  bed  rock  was  reached. 

The  best  estimate  that  could  be  obtained  of  the  cost  of  sinking  by 
means  of  the  diamond  core  drills,  as  furnished  by  San  Francisco  con- 
tractors, was  $12.69  per  linear  foot,  400  feet  to  be  sunk,  but  they 
would  not  offer  a  bid  even  on  these  figures. 

The  following  letter  from  Mr.  T.  F.  Richardson,  department  engi- 
neer, dam  and  aqueduct  department,  metropolitan  water  board,  of 
Boston,  is  of  interest  as  bearing  on  this  subject: 

We  had  two  diamond  drills,  one  manufactured  by  the  M.  C.  Bnllock  Manufao- 
^Qiing  Company,  of  Chicago,  called  the  Badger  drill.  This  drill  was  intended  for 
prospecting  in  tmmels,  but  was  fitted  np  especially  for  us  for  surface  work.  This 
machine  cost  us  $900,  which  included  one  set  of  diamonds  worth  about  $200,  and 
the  noGeasary  fittings  to  put  down  a  If-inch  hole  about  200  feet. 

Our  second  machine  was  bought  from  the  Sullivan  Machinery  Company,  of  Clare- 
mont,  New  Hampshire,  and  was  called  "3-510."  This  cost  was  $1,132.80,  but  no 
diamonds  were  included.  The  two  machines  were  fitted  for  and  were  capable  of 
doing  about  the  same  amount  of  work,  but  the  net  cost  of  the  Sullivan  machine 
was  over  $400  more  than  that  of  the  Bullock  machine. 

Onr  work  here  was  very  difficult,  as  the  bottom  of  our  gorge  was  blocked  up 
with  large  bowlders,  and  we  found  it  necessary  to  use  several  sizes  of  bits,  namely. 
It-inch,  If-inch,  IHnch.  We  also  had  to  fit  up  so  as  to  be  able  to  put  down 
li-inch  casing,  using  diamond  bits  to  bore  it  down,  the  purpose  of  the  casing  being 
to  bore  through  bowlders  and  gravel,  so  as  to  be  able  to  work  a  |jf-inch  bit  inside 
of  it  Altogether  we  had  two  quite  complete  outfits  for  doing  all  kinds  of  work 
up  to  IHnch  bits. 

IRB33 i 
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The  repairs  necessary  to  the  machines  were  not  very  large,  the  principal  cost  of 
repairs  being  for  new  bit  blanks  and  for  core  lifters;  but  in  order  to  do  the  work 
soccessfnlly  it  is  necessary  to  have  quite  a  number  of  appliances  outside  of  the 
actual  machines,  and  these  cost  considerable  money.  Our  total  outlay  for  machines 
was  $2,625.  In  addition  to  this  we  spent  $3,878  for  diamonds,  but  we  have  at  the 
present  time  about  $700  worth  of  diamonds  on  hand,  leaving  the  net  ooet  of  the  dia- 
monds about  $3,178. 

When  we  started  in  on  our  diamond*drill  work  the  cost  of  diamonds  was  $19  per 
carat:  but  at  the  time  we  finished  the  cost  of  diamonds  had  risen  to  $86  per  carat, 
and  I  believe  the  price  is  about  $36  at  the  present  time  (August,  1898). 

The  total  amount  which  we  drilled  was  2,814  feet,  the  deepest  hole  being  286 
feet  deep,  and  the  average  depths  of  holes  about  60  feet.  The  amount  accom- 
plished per  day  was  from  0  to  32  feet,  the  average  amount  being  probably  about  10 
or  12  feet  per  day. 

The  cost  of  drilling  varies  very  largely,  both  with  the  hardness  of  the  rock  and 
the  condition  of  the  rock  as  to  being  seamy. 

Following  is  the  cost  of  labor,  diamonds,  and  coal  for  drilling,  principally  with 
l|-inch  bits,  through  three  different  kinds  of  rock: 

Drilling  824.2  feet  of  rather  hard,  tough  diorite  rock: 

Labor - ^1.25 

Diamonds 74.30 

Coal 17.50 

Total 433.05 

Cost  per  foot 1.34 

(86.6  feet  of  this  was  drilled  with  l§-inch  bit,  and  237.6  feet  was  drilled 
with  If-inch  bit.) 

Drilling  150.7  feet  of  very  hard  syenite  rock: 

Labor 158.00 

Diamonds 298.69 

Coal 10.50 

Total 467.19 

CJostper  foot , 8.10 

(Size  of  drill.  If  inches.) 

Drilling  286.1  feet  of  soft  schist  rock: 

Labor 190.00 

Diamonds 87.75 

Coal 11.50 

Total 289.25 

Cost  per  foot .: 1.01 

(Size  of  drill,  If  inches.) 

You  will  notice  that  there  is  a  large  variation  in  the  cost  of  drilling  through 
different  kinds  of  rock.  The  costs  as  given  do  not  include  more  or  less  lost  time, 
and  the  depreciation  on  diamonds  due  to  their  being  of  smaller  size  after  being 
used.  Finally  they  get  so  small  as  to  be  valueless.  Depreciation  of  plant  is  also 
not  included. 

Regarding  the  best  size  of  hole  for  prospecting  purposes,  this  depends  largely 
on  the  work  which  you  have  in  hand.  If  I  were  fitting  up  for  similar  work  to 
what  we  did  here,  and  only  exi)ected  to  fit  up  one  size  of  hole,  I  should  fit  up  prob- 
ably for  l|-inchbit. 

When  I  speak  of  If-inch  bits,  I  mean  bits  that  give  cores  of  about  this  size, 
though  generally  the  cores  are  somewhat  smaller  than  the  sizes  noted. 
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Diamond-drill  work  is  expensiye  amusement  at  the  best,  and  I  think  yon  will  be 
safe  to  conclnde,  whether  yon  do  the  work  yourself,  buying  the  machines,  or  do  it 
by  contract,  that  the  cost  will  be  somewhere  in  the  neighborhood  of  three  or  four 
dollars  per  running  foot.  , 

It  was  decided  to  attempt  to  explore  for  bed  rock  by  means  of 

diamond  core  drills,  and,  through  Mr.  Arthur  P.  Davis,  who  was  in 

charge  of  the  work,  machines  for  this  purpose  were  obtained  from  the 

Nicaragua  Canal  Commission.    These  machines  had  been  used  in 

Nicaragua  in  exploring  for  bed  rock  along  the  route  of  the  proposed 

canal,  and  had  done  efficient  service.     Two  foremen,  Mr.  P.  Tierney 

and  Mr.  T.  J.  H.  Archambault,  were  employed  to  run  the  machines. 

These  men  had  previously  used  them  in  Nicaragua,  and  were  entirely 

competent  to  do  the  work  efficiently.     The  machinery  is   in  two 

distinct  parts:  First,  a  pile-driving  apparatus  for  putting  pipe  or 

casing  down  through  quicksand  or  earth;   the  pipe  is  afterwards 

washed  out,  and  inside  of  it  the  shaft  with  the  diamond  bits  is  operated. 

The  second  part  is  the  drilling  apparatus  proper.     The  machinery 

is  very  light,  and  made  so  that  it  can  be  knocked  down  to  weights 

that  will  admit  of  the  sections  being  carried  on  the  backs  of  men. 

The  hammer  is  in  sections  and  can  be  increased  or  lessened  in  weight. 

The  bottom  section  is  cored  out  and  filled  with  wood,  so  that  the  blow 

of  the  hammer  will  not  abrade  the  head  of  the  pipe.     It  is  raised  by 

means  of  a  hand  winding  drum,  and  is  tripped  when  it  reaches  the 

tops  of  the  guides,  and  falls  upon  the  pipe.     The  maximum  lift  is 

11^  feet  and  the  maximum  weight  190  pounds.     A  tool-steel  head  is 

screwed  into  the  top  of  the  drive  pipe  for  the  hammer  to  fall  upon. 

The  pipe  is  shod  at  its  lower  end  with  a  tool-steel  shoe,  which  is 

thicker  and  heavier  than  the  pipe,  but  equal  to  it  in  interior  diameter. 

The  size  of  the  pipe  used  is  3^inch,  2^-inch,  and  2-inch  extra  heavy 

screw  pipe,  with  extra  heavy  couplings  which  have  beveled  corners. 

The  smaller  diameter  pipe  is  in  each  case  made  to  fit  into  the  larger 

diameter  if  required.     It,  however,  requires  a  special  make  of  2^inch 

pipe  to  go  inside  of  the  SJ-inch  pipe.     The  pipe  is  driven  through  the 

sand  and  gravel  until  bed  rock  is  reached.     This  is  indicated  by  the 

refusal  of  the  pipe  to  go  any  farther  under  driving.     The  pipe  is  cut 

in  0-foot  sections,  and  as  it  is  driven  into  the  ground  new  sections  ai*e 

put  on  until  the  desired  length  is  reached.     When  the  drive  pipe  has 

reached  bed  rock,  what  is  known  as  a  chopping  bit,  which  is  a  bit 

with  openings  for  water  to  fiow  through  its  point,  and  to  which  is 

screwed  a  f-inch  pipe,  is  worked  into  the  drive  pipe.     The  top  of  this 

}-inch  pipe  is  connected  with  a  small,  double-action  hand  force  pump 

by  a  ho86. 

The  chopping  bit  is  churned  around  in  the  sand  which  is  inside  of 
the  drive  pipe,  and  the  water  which  is  under  pressure  is  discharged 
through  the  x>oint  of  the  chopping  bit,  and  fioats  the  loosened  sand 
out  over  the  top  of  the  drive  pipe.  In  this  manner  a  hole  can  be 
readily  cleaned  to  depths  as  great  as  130  feet  of  sand  and  small  gravel. 


46  STORAGE   OF   WATER   ON   GILA   RIVER,  ARIZONA.  lifo.88. 

The  diamond -drilliiig  maohinery  is  put  to  work  when  the  drive  pipe 
is  cleaned  out,  and  it  is  possible  that  it  may  demonstrate  that,  instead 
of  being  on  bed  rock,  the  drive  pipe  has  stopped  upon  a  bowlder. 
As  Soon  as  the  diamond  bit  passes  through  a  bowlder  it  drops,  which 
is  an  indication  that  bed  rock  has  not  been  reached.  The  diamond 
drill  is  then  drawn  and  four  or  five  sticks  of  giant  powder  are  lowered 
through  the  pipe  to  the  bowlder.  The  drive  pipe  is  then  pulled  up 
four  or  five  feet,  and  the  i)Owder  discharged  by  means  of  an  electric 
firing  battery.  This  shatters  the  rock,  and  the  drive  pipe  may  then 
be  forced  through  the  splintered  bowlder.  In  this  manner  pipe  of 
these  varying  diameters  were  driven  to  bed  rock  at  five  different 
dam  sites,  and  at  every  location  successful  results  were  obtained. 

COST  OP  OPERATING. 

The  diamond-drilling  machine  used  was  built  by  the  American 
Diamond  Rock  Drill  Company,  of  123  Liberty  street.  New  York. 
One-inch  bits  were  usually  employed.  The  diamond  drilling  machin- 
ery is  shown  on  Pis.  I  and  VII,  A,  The  drill  is  operated  by  hand 
power,  six  men  being  economically  employed  on  this  work,  as  well  as 
on  the  driving  of  the  pipe.  The  machine  is  capable  of  going  200  feet 
into  the  rock,  and  will  make  from  6  to  8  feet  a  day  in  hard  rock, 
and  from  10  to  15  feet  a  day  in  softer  rock.  The  cost  of  the  machinery 
complete  is  approximately  $1,000,  including  two  bits,  which  are 
worth  about  $200  each,  set  with  six  diamonds  each.  The  diamonds 
are  known  as  black  diamonds3  and  should  weigh  approximately  1 
carat  each.  Two  machines  were  used  on  work  in  southern  Arizona. 
There  was  paid  for  the  pipe  $590,  including  tools  and  fittings, 
delivered  in  Arizona;  $100  of  this  amount  being  freight  from  New 
York.    This  would  make  a  total  cost  of  outfit  complete  of  $1,590. 

Cost  of  operation  per  month  of  bed-rock  eajptora^ion. 

Foreman $150.00 

6  laborers,  at  $1.50  per  day,  28  days 384.00 

1  cook 45.00 

$429.00 

240  rations,  at  60  cents 144.00 

Total  repairs,  pipe  and  lumber  for  one  party  for  ten  months. . .      500. 00 

Total  commissary  charges  for  team,  feed,  etc... 850.00 

Totalmoving 070.00 

Total  sundry  incidentals 200.00 

Total  supervision. 350.00 

Total,  ten  months 2,070.00 

Sundry  expenses  per  month 280.00 

Total  cost  x>er month 808.00 

Ten  months,  at  1808 8,030.00 

Total  number  of  feet  sunk 8,864.8 

Total  cost $8,060.00 

Ck>et  ixer  f oot d.46 

Cost  per  hole,  7,227+52 1..        154.48 


u.  s. 
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If  the  orignual  cost  of  machinery  be  distributed  over  this  work,  the 
results  would  be  as  follows: 

Operation $8,030.00 

Machinery   1,600.00 

Total  cost 9,630.00 

Or  average  coet  per  foot,  $2.86. 

Both  machines  are  still  in  good  repair  after  ^having  been  used  in 
Nicaragua  and  in  various  localities  in  Arizona  and  Califon^ia. 

The  total  depths  i>enetrated  in  all  materials  at  the  various  dam  sites 
are: 


TheBattes.. 
Queen  Creek 
Riverside  . . . 

Dikee 

San  Carlos.. 

Total  . 


Covering. 


1,621.2 

857.8 

729.8 

80.0 

143.2 


2,982.0 


Bock. 


196.0 

66.6 

40.2 

0.0 

80.4 


822.2 


Total. 


1,817.2 

413.4 

770.0 

80.0 

173.6 


8, 254. 2 


The  work  at  the  Buttes  at  the  last  three  holes  and  at  the  Dikes  was 
very  greatly  delayed,  owing  to  the  loss  of  the  original  drive  pipe  by 
breaking  beneath  the  surface.  The  pipe  that  was  next  obtained  broke 
continually  under  the  hammer,  and  a  month's  time  of  one  party  was 
lost  by  these  interruptions.  The  expense  of  this  work  is  included  in 
the  above  estimate.  Owing  to  the  long  move  by  teams  of  the  outfit 
to  San  Carlos  dam  site  and  the  constant  interruption  by  floods  of  the 
work  at  that  point  and  the  consequent  small  amount  of  driving  done 
there  (173.6  feet),  the  cost  of  that  portion  of  the  work  was  about  86 
per  linear  foot.  If  San  Carlos  is  not-  included  in  the  estimate,  the 
average  cost  per  foot  for  the  remaining  portion  of  the  work  would  l)e 
reduced  about  10  cents. 

The  advantages  of  this  class  of  work  over  the  shaft  method  are 
manifest.  It  is  probable  that  not  over  five  or  six  shafts  could  have 
been  put  down  with  the  total  funds  available  in  case  that  method 
was  practiced,  and  it  is  problematical  even  then  if  it  could  have  been 
accomplished.  By  the  drilling  method  employed  the  location  of  bed 
rock  is  not  only  determined,  but  an  actual  sample  has  been  brought 
up,  which  can  be  test-ed  for  specific  gravity,  crushing  strength,  texture, 
quality,  or  in  any  other  manner  desired.  The  work  was  entirely  suc- 
cessful, except  at  San  Carlos,  where  the  fioods  became  so  violent  during 
the  month  of  August,  1899,  that  the  machinery  could  not  be  kept 


48 


STORAGE   OF   WATER   ON    GILA   RIVER,  ARIZONA.  t»o.33. 


standing  in  the  river,  and  but  two  holes  reached  and  penetrated  the 
bed  rock. 

BUTTES  RESERVOIR. 

EXPLORATION   FOR   FOUNDATIONS   OF   DAM. 

As  recommended  in  the  report  by  Mr.  Arthur  P.  Davis,  made  in 
1896,  explorations  have  been  made  to  determine  the  depth  of  bed  rock 
and  the  quality  of  the  rock  at  the  Buttes  dam  site.  By  this  survey 
of  1899  the  diamond  core  drill  demonstrated  the  fact  that  the  sound- 
ings which  were  made  by  rods  and  which  are  described  in  the  report 
above  mentioned  were  misleading.  There  is  proved  to  be  a  limit 
beyond  which  it  is  impossible  to  drive  rods  in  gravel  and  sand,  and 
this  limit,  which  is  found  to  be  approximately  60  feet  in  the  material 
composing  the  bed  of  the  Gila,  prevented  the  correct  determination  of 
bed  rock  in  1896  by  the  rod  method.  Twenty-four  holes  were  put  down 
by  the  diamond  core  drill  at  various  points  in  the  canyon  at  the  Buttes, 
the  effort  having  been  made  to  find  some  point  where  the  bed  rock 
would  be  shallow.  The  following  table  shows  the  depth  and  charac- 
ter of  the  bed  rock  determined. 


Log  of  borings  at  the  Buttes  dam  site,  ChUa  Eiver,  Arizona, 


Bed-rock 

Line 
No. 

Hole 
No. 

Depth  to 
bedrock. 

Depth  to 
bottom 

of 
boring. 

Depth 

drilled 

in  rock. 

Correct 
elevation 
of  surface 
June,  189a 

Correct 
elevation 

of 
bed  rock. 

elevations 

reduced  to 

datum  of 

contour 

map 

(-  +1^88). 

Feet. 

Feet, 

Feet. 

Feet. 

Feet. 

li^et. 

8 

28 

67.0 

63.0 

6.0 

1,589.00 

1,632.00 

1,546.88 

3 

24 

46.4 

63.5 

7.1 

1,589.00 

1,642.60 

1,555.9S 

2 

8 

21.4 

28.3 

6.9 

1,591.52 

1,670.22 

1,683.60 

2 

4 

70.0 

77.6 

7.6 

1,589.00 

1,519.00 

1,532.38 

2 

5 

122.6 

182.0 

9.4 

1.589.00 

1,466.40 

1,479.78 

1 

65.0 

82.0 

17.0 

1,589.00 

1,624.00 

1,587.88 

2 

80.0 

95.0 

16.0 

1.589.00 

1,509.00 

1,682.88 

6 

105.0 

112.3 

7.8 

1,589.00 

1,484.00 

1,407.88 

7 

70.0 

79.0 

9.0 

1,589.00 

1,61J.00 

1,682.88 

21 

63.0 

64.0 

11.0 

1,589.00 

1,636.00 

1,549.38 

22 

13.6 

20.2 

6.7 

1,589.00 

1,676.60 

1,588.88 

14 

8.0 

12.6 

4.6 

1,589.00 

1,681.00 

1,604.88 

13 

62.1 

68.9 

6.8 

1,589.00 

1,526.90 

1,54a  28 

9 

71.4 

78.7 

7.3 

1,589.00 

1,617.60 

1,630.88 

20 

68.6 

74.5 

5.9 

1,589.00 

1,620.40 

1,688.78 

10 

66.8 

84.1 

17.3 

1,689.00 

1,622.20 

1,585.68 

16 

64.0 

70.7 

6.7 

1,689.00 

1,625.00 

1,688.88 

16 

62.7 

70.7 

8.0 

1,504.00 

1,632.10 

1,546.48 

17 

70.0 

79.0 

9.0 

1,596.02 

1,526.62 

1,640.00 

18 

68.7 

79.1 

11.4 

1,602.12 

1,533.42 

1,648.80 

19 

26.4 

84.0 

7.6 

1,610.62 

1,684.22 

1,607.00 

6 

8 

78.0 

95.0 

17.0 

1,589.00 

1,611.00 

1,524.88 

6 

11 

82.0 

94.0 

12.0 

1,589.00 

1,507.00 

1,620.88 

5 

12 
25 

ISI 

a  Not  reached  at  77  feet. 


■b  Not  reached  at  101  feet. 


The  contour  maps  of  the  Buttes  dam  and  reservoir  sites,  which  were 
surveyed  in  1896,  were  based  upon  a  datum  which  was  taken  from  the 
local  records  of  the  Florence  canal.     Subsequently  a  line  of  levels 
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was  run  from  the  railroad  station  of  Casa  Grande,  on  the  Southern 
Pacific  line,  to  the  Buttes  dam  site,  and  upon  this  datum  the  topo- 
graphic map  of  the  irrigable  lands  in  the  vicinity  of  Florence  was 
made.  Upon  this  corrected  datum  the  canal  surveys  were  made,  and 
a  bench  mark  was  established  at  the  Buttes  dam  site.  The  elevations 
^iven  on  the  lai^e  contour  map  of  the  dam  site,  which  is  on  a  scale  of 
50  feet  to  the  inch,  are  based  upon  the  first  elevation  of  Florence  canal 
datum,  which  the  subsequent  levels  show  to  have  been  13.38  feet  too 
high.  The  elevations  given  on  the  plans  and  sections  of  the  Buttes 
dam  correspond  to  the  elevations  of  the  contour  maps  of  the  dam  and 
reservoir  surveys  and  do  not  correspond  with  corrected  elevations. 
The  elevations  given  in  the  above  table  are  both  the  corrected  ele- 
vations and  the  elevations  on  the  same  datum  as  that  used  for  the 
contour  map  and  plans  of  dam. 

The  holes  whose  surface  elevation  is  given  as  1,589  are  those  bored 
in  the  immediate  bed  of  the  stream.  Those  of  higher  elevations 
started  on  the  alluvial  benches  above  low- water  level  on  either  side. 

QUALITY  OP  BED   ROCK. 

At  each  one  of  these  points  a  core  was  brought  up  showing  the 
quality  of  the  bed  rock.  The  following  table  is  a  description  of  the 
cores  obtained  at  the  Buttes: 

Cores  obtained  from  borings  at  the  Buttes, 


Nnmber 
of  hole. 

Depth 

drilled  in 

rock. 

Length  of 

core 
obtained. 

Quality  of  rock. 

Feet. 

Feet 

23 

6.0 

4.00 

Pearlite. 

24 

7.1 

4.40 

Pearlite  and  ash. 

3 

6.9 

2.40 

Pearlite,  very  solid  and  brittle. 

4 

7.5 

1.80 

Volcanic  aah. 

5 

9.4 

4.25 

Volcanic  ash,  badly  pitted. 
Pearlite,  mingled  wfthjssh. 

1 

17.0 

9.00 

2 

15.0 

1.40 

Porous  ash. 

6 

7.3 

2.40 

Volcanic  ash,  badly  pitted. 

7 

9.0 

6.80 

Hard  ash. 

21 

11.0 

2.40 

Hard,  volcanic  ash. 

22 

6.7 

5.00 

Pearlite. 

14 

4.6 

8.00 

Volcanic  ash. 

13 

6.8 

1.80 

Volcanic  ash,  very  porous. 

9 

7.3 

.       5.20 

Blended  ash  and  pearlite. 

20 

5.9 

4.50 

Volcanic  ash. 

10 

17.8 

4.10 

Volcanic  ash,  quite  hard,  but  badly 
pitted. 

16 

6.7 

.85 

Very  porous  volcanic  ash. 

16 

8.0 

5.00 

Volcanic  ash. 

17 

9.0 

2.50 

Do. 

18 

11.4 

1.66 

Do. 

19 

7.6 

4.00 

Do. 

8 

17.0 

2.25 

Do.  very  porous. 
Hard,  volcanic  ash. 

11 

12.0 

5.00 

12 

Bed  rock  not  reached;  hard  pan  at  40 
feet. 

26 

Bed  rock  not  reached. 

216.5 

81.71 
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The  location  of  these  borings  is  shown  on  PI.  VIII,  5,  these  being 
arranged  in  five  different  rows.  At  the  relative  location  of  each  hole 
a  figure  has  been  placed  on  the  diagram  corresponding  to  the  number 
given  in  the  above  tables.  The  point  marked  "  B.  M."  shows  the  ];)08i- 
tion  of  the  bronze  bench  mark  set  in  the  face  of  the  cliff.  It  is  the 
initial  point  of  the  survey  for  the  location  of  the  borings.  At  the  point 
marked  '^G'Ms  a  steel  gad  seven-eighths  of  an  inch  in  diameter,  set 
in  the  rock. 

In  taking  out  many  of  the  cores  it  was  found  that,  while  the  drill 
had  entered  the  rock  for  distances  of  from  6  to  12  feet,  the  cores 
extracted  were  very  much  less  in  length,  owing  to  the  crumbling  of 
the  rock  as  it  was  cut.  The  bed  rock  varies  between  a  volcanic  glass, 
or  obsidian  called  pearlite,  and  a  porous  ash.  The  obsidian  is  exceed- 
ingly hard,  but  the  ashy  material  is  full  of  holes,  quite  soft,  being 
readily  cut  with  a  knife,  and  of  a  crumbling  nature.  A  total  depth 
of  216.5  feet  was  bored  into  the  bed  rock,  and  but  81.71  feet  of  core 
obtained  therefrom,  or  only  38  per  cent  of  the  total  length  of  the  core 
was  of  such  material  as  would  permit  of  its  extraction  from  the  holes. 
It  is  but  fair  to  assume  that  the  remaining  62  per  cent  is  of  a  poorer 
class  of  material  than  that  which  was  extracted. 

The  following  table  gives  crushing  tests  which  were  made  in  the 
laboratory  of  the  city  engineer's  office  at  Los  Angeles,  California. 
The  crushing  limit  of  the  machine  used  is  2,565  pounds  per  square 
inch.  This  would  be  equivalent  to  184. 7  tons  per  square  foot.  A  good 
many  of  the  samples  could  not  be  crushed  on  the  machine,  but  it  htu^ 
been  considered  that  all  rock  which  could  not  be  crushed  with  this 
pressure  is  reliable  and  could  be  accepted  as  a  satisfactory  founda- 
tion material.  The  poorest  rock  is  undoubtedly  that  portion  of  the 
core  which  has  gone  to  pieces  under  the  action  of  the  diamond  drill, 
and  which  could  not  be  extracted.  Tests  were  obtained  from  the 
samples  as  low  as  79.5  tons  per  square  foot.  It  may  therefore  be 
assumed  that  the  tests  made  are  of  the  better  class  of  rock,  and  that 
if  any  of  the  samples  indicate  a  weakness  below  the  limit  of  safety  it 
would  justify  the  abandonment  of  the  bed  rock  as  a  proper  foundation 
for  a  cement-masonry  dam.  The  assumed  maximum  height  of  the 
dam  being  170  feet  above  the  bed  of  the  stream,  and  123  feet  to  bed 
rock  below  the  same,  or  a  total  height  of  293  feet,  the  base  would  have 
to  be  made  so  wide  in  order  to  keep  the  pressure  at  the  outside  toe 
within  safe  limits  that  the  cost  would  be  prohibitory.  Some  of  the 
cores  having  crushed  with  80  tons  pressure  per  square  foot,  a  rubble- 
masonry  dam  is  abandoned  for  this  site.  Crushing  tests  were  made 
by  J.  W.  Robinette  and  S.  Gr.  Bennett.  Specimens  were  1  inch  long 
and  1  inch  in  diameter. 
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Specific  gravity,  voeight  per  cubic  foot,  and  crushing  tests  of  diamond-drxU  core 

from  bed  rock  at  the  Buttes,  Arizona, 


speci- 
men. 

Weight 
in  air. 

Weight 

in 
water. 

Loss. 

Specific 
gravity. 

Weight 

per 

cubic 

foot. 

Cnwh- 

ing  test, 

pounds 

Iier  cubic 

CruBh- 
ingtest, 

tons 
per  cubic 

Remarks. 

Ounces. 

inch. 

foot 

Ounces. 

Ounces. 

1 

1.10 

0.60 

aso 

1.86 

116.4 

2.666+ 

184.7+ 

Btood  2,000  pounds. . 

2 

0.75 

0.80 

0.45 

1.66 

106.0 

1,086 

79.6 

Crushed    at    807 
pounds.               • 

3 

1.80 

0.75 

ass 

2.80 

149.5 

2,566-f- 

184.7+ 

Stood  2,000  pounds. 

i 

0.06 

0.46 

0.S0 

1.98 

120.6 

2,665-f- 

184.7+ 

Da 

6 

0.90 

0.47 

0.4B 

1.79 

112.0 

2,666-1- 

184.7+ 

Do. 

6 

0.82 

0.40 

0.42 

1.96 

122.0 

2,409 

177.0 

Crushed   at  1.026 
pounds. 

7 

0.70 

0.80 

0.40 

1.76 

109.0 

2,288 

164.7 

Crushed   at  1,7R5 
pounds. 

8 

0.86 

0.40 

0.46 

1.86 

116.4 

2,666 

184.7+ 

Stood  2.000  pounds, 
but  develc^>ed  lon- 
gitudinal   crack 
after  being  taken 
out  of  teenng  ma- 
chine. 

9 

0.90 

0.45 

0.45 

2.0 

126.0 

2,066 

160.0 

Crushed   at  1.629 
pounds. 

10 

0.96 

0.46 

0.40 

1.866 

116.0 

2,666+ 

184.7+ 

Btood  2.000  pounds. 

11 

0.86 

0.45 

0.41 

2.10 

181.0 

2,077 

'   149.5 

Crushed   at  1,620 
];>ound& 

QUARRY  TESTS. 

The  rock  at  the  Buttes  appearing  to  be  of  a  questionable  quality 
for  concrete  or  rubble  masonry  work,  it  was  decided  to  be  necessary 
to  make  quarry  tests  in  order  to  determine  accurately  its  nature. 
Mr.  D.  Anderson,  mason  and  quarr3anan,  of  Los  Angeles,  California, 
made  the  following  quarry  tests: 

At  the  first  cliff  on  the  right  bank  below  the  dam  site  at  the  Buttes, 
12  feet  back  from  the  edge,  two  holes  were  put  down,  5  feet  6  inches 
and  3  feet  in  depth,  respectively.  This  location  is  marked  by  the 
figure  1  on  contour  map  of  the  Buttes  dam  site  (PI.  IX).  Eight 
sticks  of  giant  powder  started  the  rock  and  one  25-pound  keg  of  black 
powder  pushed  it  off.  The  result  was  one  10-ton  rock,  one  2-ton  rock, 
and  numerous  small  rocks  ranging  from  25  to  500  pounds.  The  rock 
is  a  pearlite,  heavy,  close  grained,  and  fairly  free  from  seams.  It 
dropped  from  150  to  175  feet,  to  the  foot  of  the  cliff,  falling  partly  on 
earth  and  partly  on  rock,  without  badly  shattering  it.  It  drills  easily, 
two  strikers  going  18  inches  an  hour  with  1  J-inch  bit,  but  large  quan- 
tities of  powder  are  required  to  start  the  rock. 

The  second  test,  at  figure  2  on  PI.  IX,  was  on  east  face  of  same 
cliff.  Five-foot  holes  were  put  down  in  a  step  series,  2i  sticks  of  giant 
powder  being  used  to  spring  each.  Afterwards  holes  2^  feet  deep 
were  filled  with  black  powder,  3  kegs  being  used  in  five  holes.  The 
result  is  bard  to  estimate — probably  100  to  200  tons  of  rock  were 
thrown  down.  There  were  one  2-ton,  two  1-ton,  and  about  twenty 
quarter-ton  rocks.  The  large  pieces  are  pearlite;  the  smaller  ones 
are  a  hard  ashy  rock. 
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The  i)oint  west  of  the  left  spillway,  at  figure  3  on  PL  IX,  was 
opened  on  June  10, 1899,  and  a  hole  was  put  down  4  feet  4  inches  and 
four  sticks  of  giant  powder  were  exploded  therein.  The  rock  exposed 
seems  to  be  a  partly  solidified  pearlite,  light  and  brittle.  Soft  streaks 
and  spots  are  found  throughout  the  mass,  and  it  does  not  seem  suited 
either  in  weight  or  structure  to  bear  a  rubble-masonry  dam.  About 
oi^e-third  of  it  is  a  white-colored  ash  and  two-thirds  is  a  gray,  hard 
substance,  brittle  and  light.  The  ashy  material  cuts  readily  with  a 
knife,  while  the  gray  is  hard  to  scratch.  These  white  spots  are  often 
eroded  by  wind  action  when  occurring  at  the  surface,  holes  being  thus 
formed  as  large  as  2  feet  in  diameter. 

At  a  point  100  feet  northeast  of  the  left-hand  spillway  (bench 
mark),  at  figure  4  on  PI.  IX,  a  hole  4  feet  6  inches  was  put  down  on 
June  7  and  five  sticks  of  giant  powder  were  used  (three  and  one-half 
sticks  to  the  pound).  The  rock  is  similar  to  that  previously  noted, 
but  harder  and  ashy  white,  and  usually  resists  a  knife,  but  there  are 
spots  that  cut  like  chalk.  In  the  lower  portion  of  the  spillway,  at 
figure  5  on  PL  IX,  a  blast  was  put  off  which  showed  that  the  material 
is  softer  and  more  fragile  in  the  spillway  than  elsewhere  and  of  a  very 
questionable  nature  for  cement-masonry  work.  On  the  southwest  end 
of  the  low  butte,  at  the  left  dam  abutment,  at  figure  6  on  PL  IX,  a 
hole  6  feet  deep  was  put  down  June  10,  and  three  sticks  of  giant  pow- 
der were  used  to  spring  it.  Twelve  pounds  of  black  powder  were  then 
used  to  throw  down  the  rock.  This  revealed  a  high-grade,  heavy, 
volcanic  glass,  resembling  the  first,  tested  across  the  river.  Overljidng 
the  pearlite  is  a  streak  of  ashy  gray,  but  harder  and  darker  than  at  the 
spillway. 

The  prevailing  rock  at  the  dam  site  is  an  indurated  ash.  It  is 
found  in  the  cliffs  of  the  left  bank,  east  of  the  spillway  and  at  the  pro- 
posed upper  i)ortal  of  the  tunnel  on  the  right  bank.  The  lighter  ash 
is  liable  to  crush  and  erode.  Probably  enough  of  the  pearlite  could 
be  selected  to  build  a  concrete  or  rubble  dam,  but  it  would  be  a  mat- 
ter of  selection,  and  much  of  the  lighter  rock  would  have  to  be  moved 
to  get  at  the  better  rock.  This  probably  would  be  50  per  cent  of  the 
mass.  The  rock  in  the  left-hand  spillway  probably  could  not  be  pat 
in  a  concrete  dam.  It  could,  however,  be  used  for  a  core  of  a  rock- 
fill  dam. 

On  the  first  cliff  south  of  the  dam  site,  on  the  right  bank,  facing  the 
river,  two  large  blasts  were  fired  at  the  first  projecting  point,  at  fig- 
ure 7  on  PL  IX.  Three  holes  were  put  down,  14  feet,  16  feet,  and  16 
feet  deep,  18  feet  back  from  the  face  of  the  cliff.  The  rock  was  hard  and 
cut  coarse.  Three  men  could  go  down  10  inches  i>er  hour  with  a  cbium 
drill.  Four  pounds  of  giant  powder  were  used  to  the  hole.  This 
sprung  the  cliff  from  one  side  to  the  other,  about  30  feet  deep.  The 
crack  was  then  charged  with  black  powder,  3}  kegs  being  put  down 
to  each  hole.    The  powder  in  hole  No.  2  went  into  a  crevice  and  did 
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little  good.  The  entire  point  sprung,  bnt  did  not  fall,  but  around  the 
edge  was  revealed  pearlite  of  a  good  quality.  There  were  six  men  in 
all,  including  blacksmith  and  helper,  who  worked  fifty-three  hours  at 
this  point.  The  rock  dips  into  the  cliff,  so  that  while  the  ledge  was 
pushed  off  as  much  as  5  feet  it  did  not  fall. 

On  June  24  about  50  pounds  of  giant  powder  was  placed  in  the  key 
of  this  mass  and  shot.  This  brought  it  d  own  with  the  following  approxi- 
mate results:  Length  of  fallen  mass,  80  feet;  height  above  sand,  10 
feet;  depth  in  sand,  5  feet;  width,  30  feet.  This  is  about  440  cubic 
yards  of  loose  rock.  PI.  X,  -4,  gives  a  view  of  this  test.  There  were 
approximately  one  10-ton  rock,  ten  5-ton  rocks,  and  thirty  1-ton  rocks. 
The  mass  ranges  from  stone  that  would  pass  through  a  3-inch  ring  to 
rocks  150  pounds  in  weight.  It  is  of  a  mixed  ashy  structure,  and  not 
solidified  glass.  There  are  numerous  fiow  lines  or  fissures  which  are 
contorted,  and  the  rock  has  gone  to  pieces  badly.  This  rock  fell  180 
feet  upon  the  sandy  river  bed.  The  pearlite  is  not  so  pure  as  was 
indicated  by  the  first  test;  it  seems  to  be  stratified,  and  changes  often 
from  pearlite  into  an  ash,  or  the  reverse.  •  Numerous  chips  knocked  off 
the  comers  of  base  of  this  cliff  with  a  hammer  show  it  to  be  a  hard, 
volcanic  substance,  such  as  is  frequently  penetrated  by  the  diamond 
drill  as  bed  rock. 

At  the  west  end  of  the  first  bluff  below  dam  site  on  right  bank  at 
figure  8  on  PI.  X  five  men  worked  fifty-three  hours.  The  rock  is 
softer  than  that  at  the  middle  of  bluff,  shown  in  last  tests.  It'  cuts 
very  easily,  but  the  drill  holes  clean  hard  and  the  dust  from  cutting 
forms  paste  when  mixed  with  water.  The  average  rate  of  progress 
with  the  chum  drill  is  10  feet  an  hour.  Three  holes,  8  feet  apart, 
were  put  down  approximately  16  feet  in  depth  and  18  feet  from  the 
face  of  the  cliff.  Pour  pounds  of  giant  powder  were  used  to  the  hole, 
and  the  cliff  was  cracked  across  the  point.  The  crack  was  opened  by  a 
second  charge,  consisting  of  2  pounds  of  giant  and  5  pounds  of  black 
powder  to  the  hole.  This  resulted  in  a  crack  2  inches  wide,  extend- 
ing 38  feet.  There  seems  to  have  been  an  error  in  judgment  on  the 
part  of  the  quarryman  in  springing  the  rock  too  much  before  using 
the  black  jwwder,  which  expended  its  energy,  in  a  large  part,  through 
the  fissures  of  the  rock.  This  crack  was  then  charged  with  ten  kegs 
of  black  i)owder,  and  a  portion  of  the  cliff  in  front  of  one  of  the 
holes  was  thrown  off,  knocking  down  about  300  tons  of  rock.  The 
other  portions  on  the  cliff  were  not  thrown  off,  but  sufficient  material 
was  revealed  to  show  the  nature  of  the  rock.  In  this,  as  in  the  for- 
mer case,  the  rock  fell  180  feet.  There  were  from  8  to  10  large  rocks 
diBfi^laced,  ranging  from  6  to  8  tons  in  weight,  but  a  large  portion  of 
the  fragii&ents  range  from  100  to  200  pounds,  while  much  of  the  rock, 
possibly  S5  per  cent,  is  in  pieces  weighing  less  than  60  pounds. 
There  is  a  large  amount  of  rock  buried  in  the  sand.  This  rock  is  a 
reddish  or  fused  ash,  rather  light  and  brittle,  but  hard,  and  with 
IRR33 5 
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many  seams.  It  ranges  in  a  very  intricate  way  from  glass  to  ash,  and 
back  again  to  volcanic  glass.  Fully  66  per  cent  is  glass.  At  a  point 
25  feet  south  a  smaller  blast  showed  pure  glassy  pearlite,  which  falls 
without  shattering.  The  first  grade  pearlite  is  rather  rare  and  can 
not  be  obtained  in  large  quantities.  The  ashy  material  is  the  pre- 
vailing rock  and  is  of  inferior  grade  for  construction  purposes. 

A  block  of  the  poorer  class  of  the  volcanic  ash  from  the  spillway 
on  the  left  bank,  containing  soft  spots  of  light,  chalk-like  material, 
was  immersed  in  water  in  June,  and  continued  under  water  until  the 
first  of  October,  over  three  months.  At  the  expiration  of  this  time 
the  softer  portions  of  the  rock  indicated,  if  anything,  a  hardening, 
but  still  could  be  cut'  with  a  knife.  It  would  be  between  2  and  3  in 
the  scale  of  hardness. 

In  conclusion,  it  may  be  stated  that  it  would  be  difficult  to  select  a 
sufficient  amount  of  rock  of  first-class  quality  for  concrete  work  or 
rubble  masonry  to  build  a  dam  of  that  tyi)e  of  the  size  required  from 
bed  rock  to  a  line  170  feet  above  the  bed  of  the  stream,  a  total  height 
of  223  feet,  without  large  expense.  The  rock  at  the  Buttes  would  be 
suitable  for  the  construction  of  a  rock-fill  dam,  the  poorer  class  rock 
being  placed  in  the  center  of  the  dam  and  selected  rock  on  the  two 
faces  and  at  the  spillway  weir  on  the  right  bank. 

It  is  probable  that  the  dam  could  be  most  economically  constructed 
from  quarries  at  the  cliffs  on  the  right  bank  of  the  canyon  below  the 
dam,  tramways  being  used  for  delivering  the  rock  to  the  structure. 
The  tramways  would  vary  in  length  from  500  to  1,000  feet.  If  cable- 
ways  were  used  they  could  not  properly  be  placed  on  lines  which  would 
be  near  or  parallel  to  the  axis  of  the  dam,  and  if  they  were  not  so 
located  it  would  require  a  double  system  of  cables  for  handling  the 
rock,  one  to  bring  it  from  the  quarries  to  the  dam  site,  and  a  second 
set  to  distribute  the  rock  at  the  dam.  *^ 

The  conclusion  reached  from  the  investigation  of  bed  rock  with  the 
diamond  core  drills  and  from  the  quarry  tests  leads  to  the  adoption 
of  a  rock-fill  dam  for  the  Buttes  as  the  only  class  of  structure  which  it 
would  be  feasible  to  build  with  the  material  available  and  on  the 
foundation  there  existing.  For  this  reason  the  estimate  of  cost  has 
been  made  solely  upon  this  type  of  dam. 

TYPE    OF   DAM   ADOPTED. 

It  is  evident  that  the  desired  type  of  dam  must  have  a  very  broa<l 
base,  reducing  to  a  minimum  the  pressure  per  square  foot  on  each 
portion  of  its  foundations.  A  dam  with  this  breadth  of  base  would 
call  for  a  heavy  expenditure  for  the  excavation  to  bed  irock  if  the 
entire  section  were  taken  out.  In  order  to  be  stable  and  to  retain  the 
water  impounded  above  it,  the  dam  must  have  an  impervious  connec- 
tion with  bed  rock.  The  style  of  dam  selected  (PI.  XI,  B)  is  of  the  rock- 
fill  type,  with  concrete  retaining  walls  and  with  a  concrote  spillway  weir 
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on  the  right  side.  It  is  proposed  to  put  a  wall  down  to  bed  rock  at  the 
upper  toe  of  the  dam  sufficient  in  thickness  to  withstand  the  pressure 
of  water  against  its  upper  face  when  excavations  are  made  behind  it. 
At  the  lower  toe  of  the  dam  it  is  proposed  that  a  similar  wall  shall  be 
put  down  to  bed  rock  in  order  to  protect  the  structure  from  erosion 
from  the  spillway  on  the  right  bank  and  to  retain  the  inclosed  mass 
of  sand  and  gravel  as  a  foundation  for  the  riprap  or  dry-laid  rock. 

The  section  and  rear  view,  looking  upstream,  of  this  proposed 
structure  are  shown  on  Pis.  XI  and  XII. 

Between  these  two  walls  there  will  be  held  a  mass  of  sand,  gravel, 
and  bowlders,  which  constitute  the  natural  bed  of  the  river  and  which 
will  not  be  excavated.  The  distance  between  these  two  walls  is  234 
feet.  It  is  proposed  that  they  shall  be  carried  up  above  the  bed  of 
the  stream  to  an  elevation  of  58  feet  on  the  lower  wall  and  63  feet  on 
the  upper  wall.  Loose  rock  will  be  deposited  between  them  as  they 
are  raised  in  elevation,  and  the  river  will  be  allowed  to  flow  a  portion 
of  the  time  over  the  masonry  walls  onto  the  mai^s  of  rubble  lying  on 
the  sandy  bed  of  the  stream.  The  churning  action  which  will  result 
therefrom  will  permit  the  heavy  rock  to  settle  into  the  bed  of  the 
river,  it  being  desirable  to  have  this  take  place  as  much  as  possible. 
In  ease  this  does  not  occur  naturally,  it  is  proposed  to  pump  water 
onto  this  rock  and  force  a  settlement  in  that  manner.  The  rock  form- 
ing this  portion  of  the  dam  will  be  as  large  as  can  be  handled. 

An  outlet  tunnel  will  be  constructed  through  the  point  of  rocks  at 
the  right  abutment  of  the  dam  at  the  lowest  possible  elevation,  as 
shown  on  PL  XII.  This  tunnel  (PI.  XIV,  A)  will  be  16  feet  high,  10 
feet  wide,  and  139  square  feet  in  area.  It  will  discharge  under  pressure 
and  with  high  velocity  and  will  carry  the  river  at  all  stages  of  low 
water  and  in  ordinary  floods.  It  will  be  about  1,000  feet  in  length 
and  have  over  1,000  second-feet  capacity.  This  tunnel  will  permit, 
during  all  usual  occasions,  of  the  regulation  of  the  river  as  may  be 
desired  during  construction.  Afterwards  it  can  be  used  to  carry  off 
flood  waters,  and  it  will  not  ordinarily  supply  water  for  the  irrigation 
canals.  On  the  left  bank  the  delivery  tunnel  (see  PI.  XII)  ^vill  be 
located  30  feet  above  the  natural  bed  of  the  stream  and  will  dis- 
charge, if  desirable,  in- o  the  main  irrigation  and  power  conduit. 

A  serious  problem  in  connection  with  the  construction  of  this  dam 
will  be  the  handling  of  the  great  floods  which  possibly  may  occur  in 
the  river  during  its  erection.  If  such  a  flood  should  occur  during 
construction,  and  be  permitted  to  paas  over  the  dam  while  it  is  in 
an  incomplete  condition,  the  loose  rocks  would  probably  give  way 
under  the  violence  of  the  current  and  destroy  the  work  already  per- 
formed. There  would  then  be  added  to  the  flood  the  volume  of  water 
resulting  from  the  bursting  of  the  reservoir,  and  disaster  would  fol- 
low not  only  to  the  structure  itself,  but  to  settlements  and  towns 
along  the  Gila  River  belo^  the  dam.     In  order  to  prevent  this  the 
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two  masonry  retaining  walls  (PL  XI,  B)  are  carried  above  the  bed  of 
the  river  to  the  elevations  named.  If  when  these  walls  have  reached 
their  maximum  height  and  the  intervening  space  is  filled  with  riprap 
a  flood  of  great  magnitude  should  pass  over  the  dam  the  structure 
would  stand,  the  loose  rock  being  held  between  the  two  retaininj^ 
walls  would  settle  down  into  the  sand  bed  between  them.  This 
would  be  exactly  what  would  be  desired.  An  examination  of  Pis. 
V,  A,  and  XII  shows  that  the  bed  rock  has  a  very  flat  slope  on  the 
right  abutment.  It  is  proposed  that  a  wall  (PI.  XI,  A)  should  be  built 
from  this  bed  rock,  as  shown  on  PL  XII,  20  feet  in  thickness,  as  a 
retaining  wall  for  the  right  end  of  the  loose-rock  portion  of  the  dam, 
connecting  the  upper  and  lower  toe  walls.  The  purpose  of  this  wall 
is  to  retain  the  loose  rock  and  to  protect  it  against  the  attacks  of 
floods.  This  end  wall  will  be  made  of  concrete,  and  an  excessive 
thickness  will  not  be  necessary,  because  it  will  be  reenforced  by  the 
secondary  rubble-masonry  weir  to  its  right. 

A  cut  (shown  by  the  crosshatching  on  PL  IX)  will  be  made  into  the 
sloping  rock  at  the  right  abutment  down  to  an  elevation  of  40  feet 
above  the  natural  surface  of  the  river  bed  and  to  a  width  of  100  feet 
at  the  bottom.  This  cut  would  be  carrying  water  at  a  depth  of  30 
feet  when  the  water  reached  the  elevation  of  the  top  of  the  higher  toe 
wall  of  the  dam,  and  a  corresponding  head  on  the  large  tunnel  of  70 
feet  would  then  exist.  This  would  probably  carry  any  ordinary  flood 
which  might  occur  in  the  river. 

The  effort  should  be  made  during  the  first  year  of  construction  to 
complete  the  two  retaining  walls  from  the  bed  rock  to  the  surface  of 
the  stream.  During  the  second  season  these  walls  can  be  completed 
and  as  much  of  the  rock-fill  dam  as  possible  constructed.  In  the 
third  year  the  rock-fill  dam  should  be  completed  and  the  concrete 
weir  constructed. 

As  the  work  on  the  rock-fill  portion  of  the  dam  advances  and  its 
crest  rises  in  elevation,  the  construction  of  the  concrete  weir  on  the 
right  abutment,  which  is  to  act  as  the  spillway  for  the  structure,  can 
be  begun  and  carried  on  with  the  remaining  portion  of  the  work. 
The  two  faces  of  the  central  dam  are  to  be  laid  up  by  hand  in  dry 
wall,  and  the  slopes  which  have  been  accepted  for  the  dam  are  prac- 
tically the  natural  angles  of  rei)ose,  so  that  little  tendency  to  slide  is 
likely  to  exist. 

In  order  to  make  this  structure  water-tight  it  is  proposed  to  cover 
the  upper  face  with  an  apron  of  concrete  5  feet  in  thickness,  which 
will  be  connected  with  the  upper  toe  wall  and  the  two  abutments  of 
the  dam.  In  this  apron  of  concrete  a  continuous  riveted  steel  plate 
will  be  embedded  4  feet  beneath  the  water  face  of  the  dam  and  1  foot 
from  the  dry-laid  rock  wall.  Angle  irons  will  be  riveted  horizontally 
and  vertically  on  both  sides  for  the  purpose  of  stiffening  the  plate 
and  insuring  a  better  connection  with  the  concrete.     The  steel  plate 
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will  make  the  dam  additionally  impervioas  and  lend  stren^h  to  the 
concrete. 

Gates  will  be  placed  at  the  upper  portal  of  the  flood  tunnel  and  will 
be  operated  from  the  surface  of  the  ground.  The  gates  for  the  tun- 
nel which  is  to  dischai^e  into  the  irrigation  conduit  will  be  operated 
from  a  tower  (PI.  XIII) 

Quarry  tests  were  made  of  the  spillway  on  the  left  bank,  and  the 
rock  was  found  to  be  of  such  nature  that  it  would  not  stand  the 
erosion  of  a  great  flood.-  It  is  of  a  volcanic,  ashy  character,  porous 
in  spots,  light  in  weight,  and  portions  of  it  can  be  readily  whittled 
with  a  knife.  A  flood  approaching  100,000  cubic  feet  per  second 
passing  over  this  material  would  tear  it  to  pieces,  it  is  believed,  and 
erode  gi'eat  channels.  It  would  be  exceedingly  expensive  to  cover 
this  spillway  with  concrete  so  as  to  protect  it  or  to  build  a  series  of 
checks  to  mitigate  the  erosive  action  of  the  water. 

On  the  right  abutment,  however,  the  rock  is  of  a  harder  nature.  It 
is,  to  a  large  extent,  an  obsidian,  or  pearlite,  and  it  is  believed  that  it 
will  resist  erosion.  This  bed  rock  on  the  right  abutment  is  practically 
at  the  surface  from  an  elevation  of  20  feet  or  more  above  the  bed  of 
the  stream.  A  concrete  weir  of  the  section  shown  on  PI.  XIV,  B,  will 
be  constructed  on  this  abutment,  the  elevation  of  the  top  l>eing  20  feet 
lower  than  the  top  of  the  loose  rock  dam,  and  of  a  length  of  approxi- 
mately 650  feet.  Any  flood  occurring  will  pass  over  this  portion  of 
the  dam  only.  This  concrete  weir  will  be  built  into  the  excavation 
which  t^as  made  for  the  flood  waters  and  connected  with  the  retaining 
wall  at  the  right  emd  of  the  rock-flll  dam.  Its  section  will  be  such  that 
any  flood  may  pass  over  it  without  injuring  it.  The  dam  will  be  pro- 
tected on  its  flank  and  at  its  lower  toe  with  solid  walls  of  concrete, 
and  the  floods  passing  over  the  weir  will  be  discharged  away  from  the 
main  dam  into  the  canyon  below. 

As  a  further  protection  against  any  churning  action  of  the  water 
which  may  occur,  large  blocks  of  riprap  should  be  laid  against  the 
lower  toe  wall  of  the  dam  to  prevent  the  scouring  of  a  large  cavity  in 
the  bed  of  the  canyon  at  that  point.  The  lower  toe  wall  should  be 
provided  with  weep  holes,  so  that  hydrostatic  pressure  against  the 
wall  can  be  avoided.  It  is  believed  that  the  body  of  sand  and  gravel 
between  the  two  toe  walls  of  the  dam,  which  is  234  feet  in  length  and 
approximately  400  feet  in  width  and  which  is  rigidly  sustained  by  two 
masonry  retaining  walLs,  will  be  a  foundation  of  a  very  substantial 
and  satisfactory  character  for  the  loose  rock  embankment  composing 
the  dam. 

It  is  a  frequent  practice  in  sinking  iron  caissons  for  bridge  piers  to 
build  concrete  upon  a  retained  sand  foundation  of  this  nature.  When 
the  foundations  of  the  retaining  walls  are  uncovered  and  examined, 
if  the  bed  rock  should  prove  unsuited  to  sustain  the  vertical  pressure 
due  to  their  weight,  which  will  amount  to  a  maximum  of  12  tons  per 
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square  foot,  then  the  walls  will  have  to  be  broadened  at  their  base  to 
the  proper  width  to  reduce  the  pressure  to  the  desired  limit. 

It  is  believed  that  a  dam  could  be  constructed  at  the  Buttes  on  the 
plan  outlined  that  would  be  a  reliable  and  creditable  engineering 
structure,  but  the  expense  would  be  great,  as  is  shown  in  the  estimate. 

METHOD    OF    EXCAVATION    FOR   FOUNDATIONS. 

The  most  serious  difficulty  in  connection  with  the  construction  of  a 
dam  at  the  Buttes  will  be  in  the  excavation  for  foundations.  Tho 
plan  suggested  is  the  sinking  of  a  series  of  open  caissons.  These  will 
be  put  down  as  for  bridge  pier  work.  They  would  be  weighted  on 
top,  and  the  excavation  made  probably  below  water  by  means  of 
buckets  on  an  endless  chain  or  some  similar  method.  As  the  excava- 
tion in  the  sand  and  gravel  would  progress,  the  caissons  would  sink 
on  account  of  the  superimposed  weight,  and  new  sections  would  then 
be  fitted  to  the  top  as  it  went  down.  The  borings  with  the  diamond 
core  drill  did  not  indicate  bowlders  of  large  size,  and  it  is  believed 
that  these  caissons  could  be  put  down  without  serious  trouble.  The 
attempt  would  not  be  made  to  keep  them  pumped  out  until  they 
reached  bed  rock,  when  pumping  would  be  resorted  to,  the  bed  rock 
would  be  cleaned  and  examined,  and  after  everything  was  cleai:  they 
would  be  filled  with  concrete. 

A  row  of  these  caissons,  tangent  to  each  other,  would  be  put  down 
at  the  upper  face  of  the  upper  toe  wall,  and  another  at  the  lower  face 
of  the  upper  toe  wall,  each  row  being  braced  against  the  other.*  The 
bed  rock  where  the  upper  toe  wall  would  be  put  down  is  at  a  maxi- 
mum depth  of  71  feet,  and  is  better  than  the  average  bed  rock  which 
intervenes  between  the  two  retaining  walls.  At  the  lower  toe  wall  the 
bed  rock  is  largely  pearlite,  and  is  at  a  maximum  depth  of  122.6  feet. 
The  principal  trouble  in  putting  down  these  foundations  will  be  in 
handling  the  volume  of  water  to  be  encountered.  Bed  rock  is  nearer 
the  surface  at  the  upper  toe  than  elsewhere.  The  w^all  would  be 
naturally  put  down  first  here,  and  this  would  greatly  relieve  the  vol- 
ume of  water  to  be  handled  at  the  lower  toe  wall.  The  two  rows  of 
caissons  having  been  placed,  the  sand  and  gravel  intervening  would 
then  be  excavated.  When  the  excavation  is  completed  for  the  upper 
toe  wall  between  the  cylinders,  the  concrete  to  constitute  the  wall  would 
then  be  placed  in  solid  mass.  A  similar  construction  would  be  followed 
at  the  lower  toe  wall.  With  the  two  toe  walls  completed,  the  riprap 
would  be  placed  between  them  and  allowed  to  sink  to  the  greatest 
depth  possible  into  the  sand. 

BUILDING  MATERIALS,   SAND  AND  GRAVEL. 

A  drainage  line  enters  the  Gila  River  at  a  distance  of  about  2,000 
feet  above  the  dam  site,  which  carries  the  discharge  from  an  area 
lying  south  of  the  reservoir  site.     This  drainage  line  for  a  distance  of 
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3  or  4  miles  varies  in  width  from  100  to  400  feet  and  is  filled  to  an 
unknown  depth  with  a  high-grade,  coarse  building  sand,  the  voids 
constituting  35  Nper  cent  of  the  mass.  This  sand  would  have  to  be 
washed,  and  would  then  be  of  good  quality  for  concrete.  The  cement 
forthedam  must  l>e  shipped,  probably,  from  California  to  Casa  Grande, 
at  a  cost  for  railway  transportation  of  112.20  per  2,000-pound  ton. 
The  wagon  haul  from  the  railroad  to  the  Buttes  is40miles.  Theamount 
of  cement  used  should,  therefore,  be  reduced  as  much  as  possible.  An 
examination  was  made  for  materials  from  which  a  natural  hydraulic 
cement  could  be  made,  without  successful  results.  Limestone  exists 
3  or  4  miles  below  the  Buttes  dam  site,  but  no  good  clay  was  found. 
Fuel  also  would  be  an  expensive  element.  Coal  would  have  to  come 
from  New  Mexico,  if  used,  and  wood  from  the  neighborhood  of  the 
Indian  reservation. 

A  test,  as  noted  on  page  16,  was  made  to  determine  the  possibility 
of  making  a  silica  cement  with  the  Portland  cement,  which  might  be 
brought  in,  and  finely  ground  pearlite.  By  mixing  one  portion  of 
finely  ground  cement  with  an  equal  bulk  of  pearlite,  so  that  no  residue 
would  remain  on  a  200-mesh  sieve,  and  adding  two  parts  of  coarae 
sand,  not  ground,  making  a  mixture  of  one  part  finely  ground  Port- 
land cement  and  five  parts  sand  and  ground  silica,  a  tensile  strength 
of  80  pounds  per  square  inch  was  obtained  at  the  end  of  seven  days 
and  of  300  pounds  at  the  end  of  twenty-eight  days.  When  the  same 
cement  was  mixed  with  sand  on  the  ratio  of  1  to  2,  33  per  cent  being 
left  on  the  200-mesh  sieve,  a  tensile  strength  of  170  pounds  i)er  square 
inch  was  obtained  at  the  end  of  seven  days  and  of  385  pounds  at  the 
end  of  twenty-eight  days.  The  same  pure  cement  mixed  on  a  ratio  of 
1  to  3  has  a  tensile  strength  of  140  and  240  pounds  per  square  inch  at 
the  end  of  seven  and  twenty-eight  days,  respectively.  The  ground 
pearlite  and  finely  ground  cement  mixed  on  the  ratio  of  1  to  7  has  a 
tensile  strength  of  185  pounds  per  square  inch  at  the  end  of  twenty- 
eight  days. 

CAPACITY  AND  COST  OF  THE  BUTTES  RESERVOIR. 

The  basin  of  this  reservoir  site,  shown  on  PL  XV,  embraces  little 
agricultural  land,  and  it  is  estimated  that  $10,000  will  cover  all  the 
damages  that  would  be  incurred  by  appropriating  it  for  reservoir  pur- 
poses. Some  copper  prospects  have  been  discovered  in  the  rcfservoir 
i^ite  at  a  x>oint  known  as  the  Dikes,  but  it  was  subsequent  to  the  filing 
on  all  of  this  land  under  the  United  States  laws  for  reservoir  purposes. 
No  further  antagonistic  interests  can  become  vested  here. 

The  capacity  of  the  Buttes  reservoir  site  is  174,040  acre-feet,  and 
the  estimated  cost  of  constructing  this  dam  is  $2,643,327,  or  an  aver- 
age cost  of  $15.19  per  acre-foot  of  capacity.  The  Buttes  reservoir  site 
has  the  advantage  of  being  closer  to  the  irrigable  lands  than  any  other 
of  the  reservoir  sites  considered  on  this  river. 
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C*Ii«lt7. 
Bectlon. 
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Acm 

18.990 

8eS,BS0 

Estimate  f{rr  Hie  Buttee  dam. 

Bock  exoaTatloii  (or  dam  and  riprap,  S0S,80G  cubic  yards,  at  |1 tSOS,806 

Haaonry  in  walls  above  grooDd,  187,032  cnbic  yards,  at  )6 822,  lOS 

Concrete  tower,  87,828  cabic  feet,  at  50  cents 18,664 

Tower honae...  750 

8  inlets,  at  >500  each 4,000 

4  balance  valvee, at  $1,000 each.. 4.000 

Footbridge,  180  feet,  at  |10  per  foot 1,300 

Masonry  below  water: 

Lower  wall.  478,800  cnbic  feet,  at  90  centa 430,930 

Upper  wall,  798,800  cnbio  feet,  at  70  cents 659.160 

Steel  plates  in  face  wall: 

1,153,000  pounds,  at  7  cents 80.  HO 

Low-water  tnnnel,  1,000  feet,  at  $15 15,000 

Tower  for  flood  gate 18,664 

Tower  house 750 

Bight  of  way - 10,000 

Upper  outlet  tnnnel,  lined,  320  feet,  at  115 4,800 

Bulkhead  for  same,  300  yards  concrete,  at  JIO S.OOO 

Woodcrib  dlTersion  dam  at  head  of  Florence  canal,  500  feet,  at  $40  per 

lineOTfoot 20,000 

2,298,545 

Engineering  and  contingenciea,  15  per  cent 844,782 

Total S,M3,327 

Cost  per  acre-foot  of  water  stored,  $15.10. 
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CONTOUR  MAP  OF  RIVERSIDE  DAM  SITE. 
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DIVERSION  CANAI.  BEIiOW  THE  BUTTE8  DAM. 

A  topographic  map  was  made  on  a  scale  of  100  feet  to  the  inch, 
with  5-foot  contours,  showing  possible  locations  of  a  diversion  canal 
from  the  Buttes  dam  site  to  a  point  near  the  head  of  the  Florence 
canal,  which  is  practically  at  the  head  of  the  irrigable  lands  to  be 
supplied  from  this  reservoir.  This  topography  was  mapped  by  Mr. 
Bradford  Wheeler,  of  Los  Angeles,  California.  A  grade  line  for  the 
proposed  conduit  was  computed.  Flags  were  then  set  with  a  level 
apon  the  10-foot  contour  nearest  the  grade  from  the  dam  through  to 
the  head  of  the  irrigable  lands.  A  transit  stadia  line  was  then  run 
between  these  contour  flags,  transit  points  being  set  at  intervals  not 
to  exceed  500  feet.  This  transit  line  was  then  plotted  upon  plane- 
table  sheets,  which  were  taken  into  the  field,  and  the  toi)ography  was 
filled  in  by  means  of  the  plane  table.  Instructions  were  to  keep  the 
accuracy  of  the  map  within  the  limit  of  the  contour  interval.  The 
elevation  of  the  contour  flags  was  the  vertical  control  for  the  work 
and  the  angular  transit  line  was  the  horizontal  control. 

XJx>on  this  topographic  map  the  canal  location  has  been  studied. 
The  outlet  tunnel,  on  the  west  bank  of  the  reservoir,  is  placed  at  an 
elevation  of  30  feet  above  the  bed  o^the  stream,  the  storage  capacity 
lost  below  this  elevation  being  immaterial.  This  would  afford  a  bed- 
rock diversion  and  no  loss  by  seepage.  The  capacity  of  the  proposed 
canal  is  500  cubic  feet  per  second.  The  grade  of  the  canal  being 
lighter  than  that  of  the  river  permits  of  a  gain  in  relative  elevation 
and  the  possible  development  of  power.  The  principal  point  gained 
by  the  construction  of  a  canal  as  planned  would  be  one  of  power. 

A  drop  of  18.11  feet  could  be  obtained  at  station  79 -(-80,  which,  with 
500  second-feet  in  the  canal,  would  develop  about  800  horsepower. 
If  this  horsepower  could  be  sold  at  $50  per  horsepower  per  annum, 
it  would  pay  5  per  cent  on  a  capital  of  $800,000.  In  a  settlement  such 
as  would  be  built  up  upon  the  irrigation  of  100,000  acres  of  land  this 
power  might  be  sold.  When  the  time  arrives  that  would  make  the 
power  of  sufficient  value  to  justify  the  construction  of  the  canal,  it 
may  then  be  built.  Prior  to  that  time  the  water  from  the  outlet  tun- 
nels can  be  discharged  into  the  bed  of  the  Gila  River  and  diverted  at  the 
present  head  of  the  Florence  canal,  where  projecting  ledges  of  rock  are 
suitable  for  that  purpose.  The  cost  of  the  construction  of  this  canal, 
therefore,  should  not  be  an  element  in  estimating  the  cost  of  the 
Buttes  dam.  The  water  from  either  the  Riverside  or  San  Carlos  reser- 
voirs, which  would  be  discharged  directly  into  the  Gila  River,  would 
necessarily  be  diverted  for  irrigation  purposes  at  the  head  of  the  Flor- 
ence canal,  which  is  the  point  where  water  from  the  Buttes  reservoir 
site  could  also  equally  well  be  diverted. 
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Cost  of  the  Buttea  canal. 

15, 510  lineal  feet  of  lined  canal,  in  rock,  at  $8.80  per  lineal  foot . $136, 488 

400  lineal  feet  of  lined  canal,  in  loose  rock,  at  $6.73  per  lineal  foot 2, 693 

5, 120  lineal  feet  of  earthen  canal,  57  cnbic  yards  excavation,  per  lineal 

foot,  at  30  cents  per  cnbic  yard,  $1.71  per  lineal  foot 8, 755 

580  lineal  feet  of  lined  tnnnel,  at  $10.65  per  lineal  foot 6,177 

610  lineal  feet  of  earthen  canal,  lined,  at  $7.94  per  lineal  foot 4, 843 

1, 960  lineal  feet  of  flume  and  trestle,  at  an  average  cost  of  $17  per  lineal 

foot 88,820 

24, 180  lineal  feet  of  condnit 192,275 

Engineering  and  contingencies 28,840 

Total 221,115 

4,59  miles,  or  abont  $48,000  per  mile. 

* 

EXPIiORATION  AT  THE  DIKES. 

Four  miles  above  the  Buttes  dam  site,  on  the  Gila  River,  a  dike  of 
volcanic  rock,  apparently  of  more  recent  geological  origin  than  the 
remainder  of  the  country,  crosses  the  stream.  After  the  depth  to  bed 
rock  at  the  Buttes  was  determined  to  be  disappointingly  great,  it  was 
thought  possible  that  the  depths  might  be  less  at  the  Dikes.  A  test 
was  therefore  made  to  determine  this.  Pipe  was  driven  to  a  depth  of 
96  feet  and  3  inches  in  the  center  of  the  canyon  without  reaching  bed 
rock.  As  the  width  of  the  canyon  at  this  point  is  459  feet  between 
the  rock  croppings  at  the  two  sides  of  the  canyon,  and  as  the  better 
portion  of  the  Buttes  reservoir  site  in  the  way  of  capacity  lies  between 
the  Buttes  and  the  Dikes,  this  depth  to  bed  rock  is  considered  as  hav- 
ing condemned  that  location  for  the  construction  of  a  dam. 

KIVERSIDE  BESEBTOIB. 

The  Riverside  reservoir  site  is  located  on  the  Gila  River,  in  Pinal 
County,  Arizona,  between  the  mouth  of  the  San  Pedro  and  a  point  one- 
half  mile  below  the  mouth  of  Mineral  Creek  and  12  miles  above  the 
Buttes  (PL  XVIII.)  The  dam  site  is  in  a  canyon  one-half  mile  below 
the  mouth  of  Mineral  Creek.  A  view  of  this  canyon,  looking  down- 
stream, is  shown  on  PL  XVII,  A, 

The  water  supply  at  this  point  will  be  practically  the  same  as  that 
at  the  Buttes.  There  are  no  streams  or  drainage  lines  of  consequence 
entering  the  river  between  the  Buttes  dam  site  and  the  dam  site  of 
the  Riverside  reservoir.  The  discussion  of  the  water  supply  in  the 
previous  pages  of  this  report  will  apply  equally  to  the  Riverside  res- 
ervoir site  and  the  Buttes. 

The  bed  of  the  canyon  between  the  projecting  ledges  at  the  two 
abutments  is  350  feet  in  width.  A  bench  mark  is  located  on  the  right 
bank,  20  feet  above  the  bed  of  the  stream.  It  is  a  bronze  tablet,  set  in 
the  rock,  such  as  is  used  to  designate  elevations  by  the  Geological 
Survey.  It  is  considered  100  feet  above  the  datum  plane  of  the  dam 
and  reservoir  surveys. 
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This  elevation  of  100  feet  is  equivalent  to  1,763.30  feet  above  sea 
level.  The  rock  at  this  location  is  a  granite,  well  suited  for  build- 
ing purposes.  The  topographic  survey  of  the  dam  site  was  made  by 
Gerard  H.  Matthes,  assistant  hydrographer,  United  States  Geological 
Survey,  in  1899,  on  a  scale  of  100  feet  to  the  inch,  and  with  a  contour 
interval  of  10  feet.  A  dam  has  been  projected  upon  this  map  as  a 
basis  for  an  estimate  for  this  report  at  the  point  where  bed  rock  was 
determined  by  the  diamond  core  drill.  The  height  of  the  dam  above 
the  bed  of  the  stream  as  estimated  is  133  feet;  the  maximum  depth 
to  bed  rock  is  78  feet,  or  a  total  height  of  structure  of  211  feet.  Large 
ledges  of  rocks  are  available  for  construction  purposes  at  an  elevation 
above  the  dam  on  either  side  of  the  canyon. 

The  accompanying  map  (PI.  XVI)  shows  by  means  of  contours  the 
walls  of  the  canyon  and  also  the  location  of  the  dam  described  above. 
This  has  been  prepared  from  the  detailed  map  made  by  Mr.  Matthes, 
the  20-foot  contour  lines  only  being  given.  The  dotted  lines  in  the 
center  of  the  map  indicate  the  depth  to  bed  rock  as  shown  by  the 
drill  holes.  The  point  marked  '*  B.  M.  100  "  on  the  map  is  at  an  alti- 
tude of  1,763.3  feet  above  sea  level.  The  surface  elevation  of  the  bed 
of  the  stream  immediately  above  the  proposed  dam  is  76.8  feet,  and 
immediately  below,  76.1  feet.  Five  borings  to  bed  rock  were  made 
along  the  upper  face  of  the  dam  and  six  along  the  lower  side,  the  posi- 
tion of  these  being  shown  on  PI.  XIV,  C. 

PROPOSED  DAM  AT  RIVERSIDE. 

The  dam  at  this  i>oint  should  be  an  overflow  weir,  as  the  topography 
is  not  suited  to  the  artificial  construction  of  spillways  on  either  side. 
The  bed  rock  developed  by  the  borings  is  a  heavy  granite,  suited  to 
withstand  any  pressure  that  may  be  put  upon  it  by  a  dam.  The 
qaality  of  the  building  material,  the  topography,  compelling  an  over- 
flow weir,  and  the  substantial  character  of  the  bed  rock,  determine  a 
masonry  structure  as  the  best  suited  for  this  site.  The  section  of  dam 
proposed  for  San  Carlos  (PI.  XXII),  described  in  detail  under  the  dis- 
<^88ion  of  that  reservoir  site,  is  the  one  selected  as  the  basis  of  the 
^timate  for  the  Riverside  reservoir. 

Eleven  holes  were  put  down  with  the  diamond  drills,  their  position 
l^eing  shown  on  PL  XIV,  (7,  at  the  point  selected  for  the  dam^  and 
cores  of  bed  rock  were  obtained.  These  borings  are  distributed 
across  the  canyon  on  two  lines  150  feet  ax>art,  the  holes  in  each  row 
^ing  between  60  and  60  feet  distant  from  one  another.  The  sx>ecific 
gravity  of  the  rock  is  2.51  and  its  weight  per  cubic  foot  is  157  pounds. 
Its  strength  to  resist  pressure  was  beyond  the  limit  of  the  testing 
machine  used,  2,565  pounds,  which  is  equivalent  to  184  tons  per 
cubic  foot.  This  guarantees  it  to  be  strong  enough  for  the  purpose 
required.  The  following  table  gives  the  log  of  the  holes  at  this  dam 
Bite.  Two  additional  holes  were  put  down  380  feet  above  the  accepted 
IRR  33 6 
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dam  site,  in  order  to  determine  whether  bed  rock  was  aearer  the  sur- 
face at  this  point.  One  hole  went  down  to  an  elevation  of  6  feet 
above  the  datum  plane,  or  76  feet  in  depth,  and  the  other  to  an  ele- 
vation of  11  feet,  or  a  depth  of  68  feet.  Bed  rock  was  not  encoun- 
tered at  either  one  of  these  points,  and  as  the  canyon  is  wider  here 
than  below,  it  is  evidently  inferior  to  the  site  where  the  principal 
borings  were  made.     Hence  no  alternative  selection  was  attempted. 

Log  of  holes  at  Riverside  dam  site. 


Line. 

Hole 

No. 

Depth  to 
bed  rock. 

Depth 

drified 

in  bed 

rock. 

Eleva- 
tion of 
bedrock. 

Quality  of  rock. 

A.... 
A...- 
A.... 
A.... 
A.... 
B.... 
B.... 
B.... 
B.... 

0.... 
C... 
C... 
0.... 

C— 

1 
2 
8 
4 
5 
1 
2 
3 
4 
1 
2 
3 
4 
5 

6 

7 

Feet, 
74.0 
75.6 
27.00 
82.76 
16.00 
48.00+ 
44.38+ 
31.00+ 
78.S0+ 
24.00 
49.00 
69.00 
64.33 
65.00+ 

27.00 
63.00 

Feet. 
1.33 
6.00 
4.00 
4.26 
.66 
2.00 

Feet. 

1,667.3 

1,664.7 

1,718.1 

1,713.8 

1,784.1 

Hard  driviner. 

Hard  driving  at  50  feet;  bowlders. 

Bed  rock  doubtful. 

No  bed  rock;  bowlders 

Very  hard  driving;  no  bed  rock. 

Do. 
Gravel  and  sand. 
Bowlder. 
Bowldeni. 

Ek). 
Bed  rock  doabtfnl;  possible  edge  of 
cliff. 

1 

2.00 

aoo 

8.25 
6.16 

1,716.9 
1.690.4 
1,670.7 
1,678.7 

2.25 
10.75 

1.729.0 
1,682.9 

Note.— Add  1,663.3  to  elevation  on  contour  maps  for  sea  datum. 

METHOD   OF   CONSTRUCTION. 

As  the  quarries  from  which  the  material  for  the  dam  may  be  obtained 
can  be  properly  located  approximately  on  the  axis  of  the  structure, 
cableways  could  probably  be  best  used  for  putting  the  rock  in  place. 
The  method  of  excavating  to  bed  rock  at  this  point  might  be  that  rec- 
ommended at  the  Buttes,  although  it  is  possible  that  further  investi- 
gation may  determine  that  simpler  methods  of  excavation  will  be 
suf&cient.     Sand  suitable  for  concrete  work  may  be  found  in  large 
beds  throughout  the  canyon.     Along  the  wagon  road  from  the  River- 
side stage  station  to  Globe  large  ledges  of  quartzite  occur.    Masses  of 
this  material  have  rolled  down  the  drainage  line  practically  to  Gila 
River  and  at  distances  not  exceeding  4  miles  from  the  dam  site.     This 
quartzite  whon  ground  is  suited  for  mixing  with  finely  ground  Port- 
land cement  for  making  silica  cement.     This  Would  cheapen  the  cost 
of  cement  for  the  construction  of  a  dam.     The  railroad  station  to  which 
material  for  the  dam  will  be  shipped  is  Casa  Grande.    The  freight  on 
cement  from  Los  Angeles  to  Casa  Grande  is  $12.20  per  ton,  or  $2.32 
per  barrel.     There  would  then  be  a  wagon  haul  of  50  miles  over  fairly 
good  roads  from  Casa  Grande  to  the  dam  site.    This  haul  would  cost 
approximately  $1.35  per  barrel.     With  cement  at  $2.85  per  barrel  at 
Los  Angeles,  the  cost  delivered  at  the  dam  would  be  $6.52.     A  dam  133 
feet  in  height  across  the  bed  of  the  stream,  as  described  above,  would 
require  186,147  cubic  yards  of  masonry. 
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CAPACITY  AND  COST  OP  RIVERSIDE  RESERVOIR. 

The  Riverside  reservoir  site  was  surveyed  by  Gerard  H.  Matthes, 
assistant  hydrographer,  U.  S.  Greological  Survey,  and  mapped  on  a 
scale  of  1,000  feet  to  1  inch,  with  contour  intervals  of  10  and  20  feet, 
i-eaching  an  elevation  of  214  feet  above  the  bed  of  the  stream  at  the 
(lam  site,  which  is  the  290-foot  contour  of  the  reservoir  survey.     With  a 
height  of  dam  of  133  feet,  or  to  the  210-foot  contour,  the  length  of  the 
reservoir  would  be  approximately  14  miles,  and  to  the  230-foot  contour, 
or  a  height  of  dam  of  153  feet,  approximately  15^  miles.     The  width 
varies  at  different  points  from  a  half  mile  to  a  mile.     The  principal 
breadth  is  from  3  to  6  miles  above  the  Riverside  stage  station.     A  dam 
130  feet  in  height  to  the  spillway  at  the  Buttes  would  store  206,000 
acre-feet.     A  dam  133  feet  in  height  at  Riverside  will  impound  221,134 
acre-feet,  which  is  almost  double  the  capacity  of  the  Buttes  reservoir 
site.    A  dam  130  feet  high  to  the  spillway  at  San  Carlos  will  impound 
241,396  acre-feet,  which  is  the  best  of  the  three  for  this  size  of  dam. 
With  a  dam  150  feet  high  to  the  spillway  at  the  Buttes,  which  is  the 
height  upon  which  the  estimate  is  based,  174,040  acre-feet  would  be 
impounded.     A  dam  at  Riverside  of  a  height  of  153  feet  would  impound 
344,398  acre-feet,  which  is  double  the  capacity  of  the  Buttes,  and  a 
similar  dam  of  150  feet  at  San  Carlos  would  impound  377,1 76  acre-feet. 
The  Riverside  reservoir  site  is  situated  in  a  mineral  district.     Cop- 
per is  found  in  large  quantities  in  this  neighborhood,  and  in  August, 
1899,  there  were  29  copper  claims  that  would  be  wholly  or  in  part 
flooded  in  case  a  dam  150  feet  in  height  should  be  built.     These  claims 
are  not  being  worked  commercially,  but  are  at  present  "prospects." 
With  a  railroad  built  to  this  mineral  field,  it  is  quite  likely  that  a 
number  of  these  claims  could  be  worked  at  a  profit.     The  Ray  mine, 
which  is  being  actively  worked,  is  a  short  distance  above  the  reser- 
voir site  on  Mineral  Creek.     The  owners  are  making  an  effort  for  the 
construction  of  a  railroad  to  the  mines.     It  would  be  undesirable  to 
interfere  with  mining  operations,  which  might  develop  valuable  prop- 
erties if  interference  could  be  avoided.    The  condemnation  of  right 
of  way  would  be  one  of  the  greatest  expenses  in  connection  with  the 
utilization  of  this  reservoir  site  for  storage  purposes.     It  is  probable 
that  it  would  cost  $200,000  without  court  expenses,  which  would  easily 
amount  to  $50,000  more.     There  are  under  cultivation  at  present  in 
the  reservoir  site  332  acres  of  land.     These  fields  are  irrigated  by  a 
small  ditch.     There  is  held  in  private  ownership  in  the  reservoir  site 
1,800  acres.     This  land  would  probably  cost  $20  an  acre  to  condemn, 
or  a  total  of  $36,000. 
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Capacity  of  proposed  Riverside  reservoir. 


Oontoar 
flow  line. 

Helffht  of 

damabOY* 

bed  of 

stream. 

Area. 

Oapacityof 
section. 

Total  capac- 
ity. 

Feet. 

Acres, 

Acrt'feet. 

Acrefeet 

80 
90 

8 

18 

38 

196 

196 

110 

88 

197 

2,232 

2,447 

130 

68 

600 

7,972 

10, 419 

150 

78 

1,811 

18,005 

28,424 

170 

98 

2,316 

86, 270 

64,694 

190 

118 

8,967 

62,832 

127, 526 

210 

188 

5,395 

98,607 

221,184 

2d0 

158 

6,924 

123, 174 

844,806 

844,808 

Note.— BlaratioDS  based  on  datum  of  dam  snryey;  100  feet  =  1,763.80  sea  datom. 

Estimate  of  cost  of  Riverside  dam. 

MasonfT  (half  large  rock  and  half  concrete),  186,147  cnbic  yards,  at 
$4.10  per  barrel  for  sand  cement,  or  |3.74  per  cubic  yard  for  cement 

(see  Duryee's  report),  at  $5.50  x)er  cubic  yard $1,038,809 

Excavatinff  for  foundations,  90,740  cubic  yards 450.000 

Towers  and  houses 12,000 

Valves 8,500 

Footbridges 6,000 

Wooden  crib  diversion  dam  at  head  of  irrigation  canal. 20,000 

Total 1,515,309 

Contingencies,  lOper  cent $151,581 

Engineering,  5  per  cent 75,765  ^^ 

o»     *-  ; 287,296 

Total  construction  ooet 1,742,605 

Damage  and  condemnation  proceedings 250,000 

1,992,605 
Total  number  of  acre-feet  stored  is  221,134,  at  a  rate  per  acre,  stored,  of  $9.01. 

SAN  CARIX>8  RE8KRVOIR. 

San  Carlos  reservoir  site  is  located  on  Gila  River,  on  the  White 
Mountain  Indian  Reservation,  at  the  San  Carlos  Agency,  in  Gila 
County,  Arizona,  at  a  point  where  San  Carlos  River  joins  the  Gila. 
The  Gila  Valley,  Globe  and  Northern  Railway,  which  leaves  the 
main  line  of  the  Southern  Pacific  at  Bowie  Station  and  runs  to  the 
town  of  Globe,  passes  across  this  reservoir  site.  The  Gila  River  at  this 
point  traverses  some  spurs  of  the  Pinal  range  of  mountains,  and  for  a 
distance  of  31.5  miles  below  the  dam  site  the  river  flows  in  a  narro^v 
box  canyon.  This  canyon  extends  to  Dudleyville,  which  point  is  the 
upper  end  of  the  Riverside  reservoir  site.  The  river  then  passes 
through  the  Riverside  reservoir  site  for  a  distance  of  15.5  miles,  after 
which  it  again  enters  a  canyon,  which  is  the  upper  end  of  the  Buttes 
reservoir  site.  This  latter  canyon  extends  to  the  Dikes,  which  is  4 
miles  above  the  Buttes  dam  site.  The  total  length  of  river  from  S«**n 
Carlos  dam  site  to  the  Buttes  dam  site  is  approximately  60  miles; 
about  40  miles  of  this  distance  being  box  canyon,  and  the  remaining 
portion  being  valley  land,  of  from  1  to  3  miles  in  width. 


SAN  CARLOS  DAM  SITE.  I 
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Six  miles  below  the  San  Carlos  Agency,  where  the  river  enters  the 
box  canyon  and  approximately  a  half  mile  below  the  beginning  of  the 
box,  is  a  point  where  the  canyon  isabont  90  feet  wide  at  the  water  line 
and  where  its  walls  rise  very  abrnptly  directly  from  the  river.  PL 
XIX  shows  a  view  of  the  dam  site  looking  upstream.  The  dam  will 
be  located  at  the  point  where  the  wall  of  the  canyon  is  shown  to  be 
most  abrupt.  '  PI.  XX  shows  the  dam  site  as  surveyed,  with  a  contour 
interval  of  10  feet.  The  dotted  contours  show  bed  rock  as  indicated 
by  the  borings.  At  a  point  approximately  100  feet  above  the  upper 
face  of  the  location  selected  for  the  dam  there  has  apparently  been  a 
fault  in  the  rock  of  the  canyon.  If  the  dam  were  located  above  this 
fault,  there  would  be  the  possibility  of  a  leak  occurring  between  the 
strata  and  of  water  passing  through  the  fault  to  the  channel  of  the 
river  below  the  dam.  If  the  dam  is  built  where  located,  this  ¥dll  be 
obviated. 

The  narrowest  portion  of  the  canyon  is  approximately  400  feet  in 
length,  and  immediately  below  this  narrow  point  it  widens  out  to  300 
feet  at  the  low- water  line.  This  admits  of  a  spillway  provision  as 
shown  in  the  plan  of  the  dam  (PL  XX)  and  described  in  the  account 
of  the  dam  proper.  The  dam  is  located  at  the  point  shown  in  the 
plan,  therefore,  in  order  to  obtain  better  spillway  advantage,  to  secure 
better  foundations  and  abutments,  and  to  avoid  the  leakage  through 
the  strata  above  the  line  of  fault. 

The  question  of  water  supply  available  at  San  Carlos  has  been  fully 
treated  in  preceding  pages  of  this  report  in  the  discussion  of  supply 
available  at  the  Buttes  and  at  San  Carlos,  to  which  reference  is  made. 
The  supply  is  ample  to  fill  the  reservoir  with  a  dam  130  feet  in  height 
to  the  spillway,  as  planned.  The  table  on  the  following  page  shows 
the  amounts  probably  available  at  the  San  Carlos  reservoir  for  each 
month.  In  this  table  the  inflow,  consumption,  and  evaporation  are 
treated  in  the  same  manner  as  in  the  table  on  page  33,  under  the  dis- 
cussion of  water  supply  for  the  Buttes  reservoir  site.  It  has  been 
determined  that  the  difference  between  the  amount  of  water  available 
for  storage  at  San  Carlos  and  the  Buttes  was  10  per  cent,  and  this 
deduction  of  10  per  cent  has  been  made  in  all  estimates  for  the  supply 
at  San  Carlos  as  measured  at  the  Buttes. 

The  water  which  is  released  from  the  San  Carlos  reservoir  site  will 
pass  through  approximately  40  miles  of  box  canyon  on  its  way  to  the 
irrigable  lands  where  it  is  to  be  used.  Comparative  measurements 
made  at  the  Buttes  and  San  Carlos  during  the  dry  season  of  the  year, 
when  less  than  10  second-feet  of  water  was  flowing  in  the  river  at  San 
Carlos,  Indicate  practically  an  equal  amount  of  water  at  San  Carlos 
and  the  Buttes.  There  undoubtedly  is  a  substantial  loss  from  evap- 
oration between  these  points,  but  this  loss  is  compensated  for  by  the 
seepage  water  which  returns  from  the  Riverside  Valley  and  from  the 
valley  above  the  Buttes  dam  site.  In  the  case  of  the  Riverside  Val- 
ley a  few  seeond-feet  of  water  is  used  for  irrigation,  and  the  return 
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from  this  irrigation  augments  the  stream.  In  both  valleys,  however, 
the  high  stages  of  the  river  undoubtedly  charge  the  sand  bars  and 
gravel  beds  with  water,  and  these  are  gradually  drained  off  during 
the  lower  stages  of  the  stream  and,  as  has  been  stated,  give  practi- 
cally an  equal  amount  of  water  at  San  Carlos  and  the  Buttes. 

The  San  Pedro  and  the  other  drainage  lines  entering  the  Gila  above 
the  Buttes  and  below  San  Carlos  will  contribute  their  portion  to  this 
stream,  unregulated  by  a  reservoir  built  at  San  Carlos.  This  water 
can  be  used  for  irrigation  around  Florence  if  diverted  below.  If  this 
volume  of  water  and  the  return  water  from  seepage  is  added  to  the 
water  which  is  discharged  for  irrigation  from  the  San  Carlos  reservoir 
site,  it  is  probable  that  there  will  be  available  for  irrigation  at  the 
point  of  diversion  as  much  water  as  would  be  discharged  from  the  San 
Carlos  reservoir  site. 

If  the  Gila  River  from  the  San  Carlos  dam  site  to  the  Buttes  dam 
site  is  60  miles  in  length  and  200  feet  in  width,  it  will  expose  to  evap- 
oration a  water  area  of  l,4o4  acres.  The  depth  of  evaporation  per 
annum  has  been  previously  determined  as  91  inches,  or  7.58  feet. 
With  an  area  of  1,454  acres  and  a  depth  of  evaporation  of  7.58  feet 
there  will  be  lost  from  this  body  of  water  11,021  acre-feet.  This  would 
be  4.6  per  cent  of  the  total  capacity  of  the  San  Carlos  reservoir  site, 
and,  in  order  to  make  an  allowance  for  all  possible  loss,  5  per  cent  of 
the  water  discharged  from  San  Carlos  is  assumed  as  being  lost  for  irri- 
gation below  the  Buttes.  The  Riverside  Valley  and  the  valley  above 
the  Buttes  are  both  largely  public  domain,  and  there  is  no  reason  why 
the  water  from  the  San  Carlos  reservoir  should  not  be  used  for  irriga- 
tion purposes  at  these  points,  as  well  as  below  Florence.  This  being 
the  case,  there  will  be  but  a  slight  disadvantage  in  storing  water  at  San 
Carlos.  A  loss  of  5  per  cent  in  transmission  is  accepted  in  the  follow- 
ing table  and  added  to  the  amount  to  be  liberated  from  the  reservoir: 

Estimated  amount  of  tvater  available  from  San  Carlos  reservoir, 
[Capacity  of  reservoir  is  241,396  acre-feet;  100,000  feet  assamed  to  be  in  reaervoir  Norembor  1.1 


Month. 


November 
December. 
January . . . 
February, , 

March 

April 

May 

June 

July 

August 

September 
OcTober  ... 

Total.. 


o 


Acre-ft. 

27,117 
36,746 
24,006 
21,405 
18.433 
7,227 
8,665 
69.170 
69,522 
47.25G 
74,800 


422,184 


^  ®  S) 

Q  O.S 


Per  ct. 

2 

2 

2 

5 

7 

9 

14 

14 

13 

13 

11 

8 


100 


s, 


VI  o 

o 
« 

0 

O 


Acre-ft 

4,8& 

4,828 

4,828 

12,071 

16.898 

21,725 

33.795 

33,705 

31,381 

31,381 

26,554 

19,312 


2U,d06 


55g 

»4    CO    fri 

op  fl 

(A  (3*3 


Acre-ft 

241 

241 

241 

604 

845 

1,086 

1,600 

1,600 

1,509 

1,569 

1.328 

966 


12,070 


0  o 


a 
p 
o 


U 

o  ett 

S8  o  U 


a 

eS 


Acre-ft 

5,060 

5,069 

5.060 

12,675 

17,743 

22,811 

35.485 

35.485 

32.950 

32,950 

27,882 

20,278 


253,466 


08 
> 

.d 


5 


li^et. 

0.42 
.33:3 
.25 
.333 
.50 
.58 
.83 
.92 

1.00 

1.08 
.83 
.50 


7.68 


Acres. 
8,650 
4,100 
4,690 
6,180 
6,225 
6,760 
4,680 
3,110 
4,060 
4,870 
4,050 
6,714 


Acre-ft 
.  1*6^ 

hhsa 

1,178 

i,no 

2,612 
8,841 
8,884 
2,861 
4,060 
4,720 
4,109 
2,857 


A  08 

So 

£•2 

*-3 


i 


-^  oS 


Acre-ft 

6,6dB 

6,422 

6,242 

14.886 

20,866 

26,152 


38,816 
87,010 
37,690 
81,981 
23,386 


84,211  287,477 


I- 
I" 

|a 
IS 


Acre-ft. 
126.^ 
146.935 
in,  438 
187,061 
188,109 
180,390 
148.248 
113,567 
136.727 
167,879 
182,838 
284,601 


U.  B. 


•• 
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There  is  still  an  amount  available  for  irrigation  below  the  Buttes, 
on  the  basis  of  the  above  table,  for  a  mean  year,  equal  each  year  to 
the  full  capacity  of  the  San  Carlos  reservoir,  of  241,396  acre-feet,  with 
a  minimum  reserve  in  reservoir  of  113,567  acre-feet,  and  234,507  acre- 
feet  on  November  1,  for  use  during  the  following  season.  The  dis- 
charge of  the  Gila  River  during  1899  was  less  than  during  any  other 
year  of  which  we  have  record.  The  following  table  demonstrates 
that  241,396  acre-feet  of  water  could  have  been  delivered  below  the 
Buttes  from  San  Carlos  from  November  1,  1898,  to  October  31,  1899, 
with  a  minimum  reserve  in  the  reservoir  during  that  period  of  12,269 
acre-feet  and  96,088  acre-feet  in  reservoir  with  which  to  begin  the 
season  of  1899-1900: 

Eitimatied  amount  of  water  available  from  San  Carlos  reservoir  during  1898-99. 

[Capacity  of  reserroir,  241, 896  acre-feet;  100,000  acre-feet  asanmed  to  be  in  reservoir  November  1, 

180B.] 


Month. 


1»8. 
Norember 
December. 

'  1800. 
January... 
February  . 
March..... 
April 

M*y 

June 

July 

August .... 
September 
October ... 

Totals. 


Inflow. 


Acrt- 
feei. 
5,400 
16,878 


17,566 

11,946 

7,194 

3,320 

906 

276 

66,754 

a24,884 

30,260 

674,800 


268,272 


K 

«  ►  5 

8 11 

o  o«w« 

P4 


Per 
cent. 
2 
2 


2 
5 

7 
0 
14 
U 
13 
13 
11 
8 


100 


I 


o 


Acre- 
feet. 
4,828 
4,828 


4,828 
12,071 
16,H98 
21,725 
88,795 
33,795 
31,381 
31,381 
26.564 
19,312 


241,306 


Acre- 
feet. 
241 
241 


241 

604 

845 

1,086 

1,600 

1,690 

1.560 

1,560 

1,828 

966 


"85 

dSd 

31 


I 

oh 


Acre- 
feet. 
5,060 
6,060 


5,060 
12,675 
17,743 
22,811' 
36,485 
35,485 
32,960 
32.950 
27,882 
20,278 


12,070  258,466 


§ 

I 

o 


Feet. 
0.42 
.333 


.26 
.888 

.60 
.58 
.83 
.92 
1.00 
1.06 
.83 
.50 


7.58 


Acres. 

8,460 

3,560 


3,710 
8,700 
8,600 
3,310 
2,650 
1,610 
1,570 
2.060 
2,000 
2,750 


I 

t 


Acre- 
feet^ 
1,458 
1,186 


928 
1,232 
1.800 
1,920' 
2,200 
1,181 
1.570 
2,214 
1,060 
1,373 


18,718 


I       ■ 

«o 

I 

I 


Acre- 
feet. 
6,622 
6,264 


6,997 
18,907 
19,543 
24,731 
37,686 
96,666 
34,520 
36,164 
20,542 
21,653 


272,184 


•s 

d 
a  ® 


s 


Acre- 
feet. 
96.887 
109,611 


121,060 
119,108 
106,750 
85,348 
48,660 
12,200 
43,508 
33,223 
42,041 
96,088 


^Measured  discharge  of  OUa  Basin  at  San  Carlos. 
^Estimated  mean  discharge,  in  acre-feet,  of  Gila  Basin  above  San  Carlos  for  month  of  October, 

PROPOSED  DAM  AT  SAN  CARLOS. 

In  determining  the  height  of  dam  to  be  constructed  at  the  San  Carlos 
<lam  site  two  elements  are  to  be  considered.  First,  the  amount  of 
water  available;  second,  the  amount  of  expenditure  which  can  be 
economically  made.  From  a  study  of  the  water  supply,  shown  on 
page  29,  a  dam  130  feet  in  height,  storing  241,396-acre-feet,  is  justified. 
The  year  of  lowest  run-off  of  which  we  have  a  record  is  1899.  The 
discharge  of  the  river  for  this  year  at  San  Carlos  was  measured  until 
the  Ist  of  October,  and  a  monthly  discharge  for  October,  November, 
and  December,  as  determined,  has  been  added  to  complete  the  year. 
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This  shows  a  surplus  for  the  year  1899  above  the  capacity  of  the  reser- 
voir of  76,879  acre-feet.  The  mean  surplus  above  the  capacity  of  the 
reservoirat  San  Carlos  is  estimated  at  180, 788  acre-feet.  The  maximum 
height  of  the  central  portion  of  the  dam  above  the  bed  of  the  stream 
is  taken  at  142  feet,  and  the  maximum  depth  to  bed  rock  below  the 
surface  of  the  stream  at  74  feet.  This  would  give  a  total  maximum 
hei^t  of  the  central  portion  of  the  dam  from  bed  rock  at  216  feet. 
An  increase  of  this  height  is  considered  unnecessary  and  as  adding 
too  much  to  the  expense  of  the  structure.  The  table  on  page  69  is 
believed  to  justify  a  dam  of  this  size. 

The  San  Cartos  reservoir  site  was  the  last  that  was  discovered  upon 
the  Gila  River,  and  consequently  the  last  point  at  which  investigation 
for  bed  rock  was  made.  After  the  completion  of  the  boirings  at 
Queen  Creek,  the  Buttes,  and  Riverside,  the  drilling  outfit,  in  charge 
of  Mr.  Patrick  Tierney,  was  sent  by  wagon  from  Riverside  to  San 
Carlos.  This  arrived  at  San  Carlos  in  the  latter  part  of  June,  1899, 
and  work  was  immediately  begun  at  the  dam  site.  The  first  flood  on 
the  Gila  River  in  the  summer  of  1899  occurred  on  Julj'  16  and  was 
-about  10,000  cubic  feet  per  second  in  volume.  This  knocked  over 
the  drilling  apparatus.  It  was  restored  to  position,  and  frequent 
other  interrupting  floods  occurred  at  intervals  of  two  or  three  days 
during  the  remaining  portion  of  July.  The  funds  available  for  car- 
rying on  the  work  having  become  nearly  exhausted,  and  the  rive, 
continuing  its  flood  discharges,  it  was  not  considered  practicable  to 
contixiue  the  investigation  for  bed  rock  during  the  present  season. 

Two  holes  were  put  down  approximately  on  the  lower  toe  of  the  dam. 
•Na  1  was  33  feet  to  the  right  of  bench  mark  No.  4,  which  is  located  on 
the  left  abutment,  and  No.  2  was  66  feet  from  the  left  abutment  and 
approximately  30  feet  from  the  right  abutment.  The  depth  to  bed 
rock  at  hole  No.  1  was  23  feet.  The  bed  rock  encountered  is  a  very 
fine-grained  and  flinty  limestone.  It  was  so  hard  that  only  2  feet  9 
inches  a  day  could  be  drilled  into  it  with  the  diamond  drills,  which  is 
about  one-fourth  the  rate  of  progress  in  ordinary  granite.  The  depth 
drilled  into  bed  rock  at  this  point  was  12.5  feet. 

Hole  No.  2  determined  the  depth  to  bed  rock  to  be  74  feet.  Gravel 
was  encountered  at  72  feet.  The  rock  at  this  hole  is  a  blue  lime- 
stone and  is  more  easily  drilled  than  the  rock  in  hole  No.  1.  The 
total  depth  to  the  bottom  of  this  hole  was  81.82  feet,  the  depth  drilled 
into  bed  rock  being  7.82  feet.  A  third  hole  was  put  down  in  the  center 
of  the  bed  of  the  canyon  60  feet  from  the  left  abutment  and  100  feet 
above  line  No.  1.  A  2-inch  pipe  was  driven  to  a  depth  of  56  feet  and 
2  inches,  when  it  was  found  tio  be  bent  2  feet  from  the  bottom.  The 
pipe  was  then  pulled  up  and  2^-inch  pipe  driven  to  a  depth  of  51  feet 
in  the  same  hole.  No  further  progress  could  be  made  on  aooount  of 
the  high  water,  and  this  hole  was  abandoned  and  all  work  stopped  oa 
July  31,  189e. 
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The  information  concerning  bed  rock  is  meager,  but  it  is  considered 
fair  to  estimate  the  maximum  depth  of  bed  rock  at  74  feet.  The  bed- 
rock itself  is  a  very  close-grained  hard  limestone  and  all  that  could 
be  desired  for  foundation  purposes.  The  location  of  the  borings  at 
San  Carlos  dam  site  is  shown  on  PI.  XX. 

MATERIAL  FOR   DAM. 

PL  XXV,  J5,  shows  a  view  of  the  left  abutment  of  the  dam.  The 
strata  dip  downstream.  It  would  be  better  if  the  dip  were  upstream, 
as  there  would  be  less  danger  of  leakage  beneath  the  foundation  of  the 
dam.  The  limestone,  however,  is  exceedingly  dense,  not  easily  eroded, 
and,  as  will  be  seen  on  the  right-hand  side  of  the  illustration,  where 
a  slide  has  occurred,  the  rock  a  few  feet  beneath  the  surface  is  rela- 
tively free  from  seams.  The  abutment  on  the  right  is  of  much  the 
same  nature  as  the  abutment  on  the  left. 

The  rock  for  the  construction  of  the  dam  will  be  obtained  near  the 
top  of  the  two  abutments.  It  will  be  excavated  in  such  manner  as  to 
form  a  channel  for  the  flood  waters  to  discharge  over  the  two  weirs, 
which  are  located  at  the  two  ends  of  the  dam.  Sufficient  rock  will  be 
taken  from  these  two  channels,  as  shown  by  the  plan,  PL  XX,  to 
build  the  entire  structure,  and  this  will  be  enough  to  furnish  flood 
channels  for  the  maximum  flood,  at  this  point,  which  is  estimated  to 
be  within  10  per  cent  of  the  maximum  flood  at  the  Buttes.  These 
quarries  will  be  located  at  the  end  of  the  dam  and  practically  on  its 
axis,  and  in  such  position  that  material  can  readily  be  handled  by 
means  of  cable  for  construction  purposes.  The  haul  of  the  material 
will  be  on  a  down  grade,  and  the  average  distance  will  not  exceed 
200  feet.  This  is  considered  an  ideal  location  for  the  economic  use  of 
cables.  The  quarry  rock  has  a  specific  gravity  of  2.7,  or  a  weight  of 
168  pounds  per  cubic  foot. 

On  the  left  abutment  it  is  an  exceedingly  fine-grained  pink  lime- 
stone, much  resembling  fiint,  but  showing,  by  analysis,  percentages 
asfoUows:  55.92  carbonate  of  lime,  31  carbonate  of  magnesia,  3.70 
silica,  6  alumina  and  ferric  oxide,  and  1  moisture.  The  gray  lime- 
stone from  the  right  abutment  contains  96.65  carbonate  of  lime,  1.40 
silica,  1.30  alumina  and  ferric  oxide,  0.65  moisture.  From  an  engi- 
neering standx)oint  it  has  the  appearance  of  being  a  first-class  build- 
ing rock. 

The  sand  required  for  the  construction  of  the  dam  could  be  obtained 
in  the  canyon  within  a  few  hundred  feet  of  the  dam  site.  It  is  a 
good  building  sand,  but  would  have  to  be  washed  before  its  use  with 
cement.  Gravel  in  varying  sizes  is  found  in  connection  with  the 
Band  and  could  be  separated  from  it  by  screening.  The  quartzite  that 
would  be  used  at  San  Carlos  is  found  in  large  ledges  within  1,000  feet 
of  the  dam  site.     Mr.  Duryee's  report  on  cement  is  given  on  page  82. 
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DETAILS  OP  DAM. 

The  dam  selected  for  this  site  is  shown  in  plan  on  PI.  XX,  Ih  section 
on  PL  XXlI.  The  details  are  shown  on  Pis.  XXI-XXVI.  It  is  pro- 
posed to  construct  it  of  large  irregular  blocks  of  stone,  bedded  in 
concrete.  The  maximum  height  of  this  structure  from  deepest  be<l 
rock  to  the  top  of  the  central  portion  of  the  dam  is  216  feet,  and  the 
maximum  length  is  617  feet.  The  total  number  of  cubic  yards  con- 
tained in  the  dam,  weir,  and  towers  is  94,730.  In  order  to  avoid  the 
erosion  and  shock  which  would  result  from  a  large  flood  passing  over 
the  central  portion  of  the  dam  and  falling  142  feet  on  its  base,  the 
middle  part  of  the  dam,  for  a  length  of  236  feet,  has  been  planned  to 
an  elevation  of  12.5  feet  above  the  elevation  of  the  wasteways  on  the 
sides.  The  section  of  the  central  portion  of  the  dam  (PL  XXII)  shows 
the  line  of  pressure  at  B  with  10  feet  of  water  in  depth  passing  over 
the  crest,  and  also  at  A  the  line  of  pressure  with  an  empty  reservoir. 
Both  these  lines,  for  every  portion  of  the  dam,  lie  within  the  middle 
third,  resulting  in  a  safe  gravity  structure.  The  maximum  pressure 
on  the  upper  toe  is  12  tons  per  square  foot  and  on  the  lower  toe  12i 
tons  per  square  foot.  The  weight  of  the  masonry  is  assumed  to  be 
150  pounds  per  cubic  foot. 

In  addition  to  its  strength  as  a  gravity  dam  it  is  given  an  arched 
form.  Expansion  and  contraction  in  a  curved  dam  are  more  easily 
adjusted  than  in  a  straight  dam.  The  spillway  on  the  right  bank 
(PL  XXIII,  A)  would  be  237  feet  in  length,  and  on  the  left  abutment 
128  feet  in  length.  With  3  feet  of  water  passing  over  the  central 
portion  of  the  dam  and  a  corresponding  depth  of  15.5  feet  discharged 
through  the  spillways  over  the  two  end  weirs,  the  total  discharge  past 
the  structure,  exclusive  of  discharge  through  outlets,  as  estimated  by 
T.  C.  Clarke's  formula,  is  83,620  cubic  feet  per  second.  This  is  con- 
sidered as  the  maximum  flood  discharge  of  the  Gila  River  at  this 
point.  It  is  fair  to  assume  that  the  reservoir  will  not  be  wholly  full  at 
the  time  such  a  maximum  flood  would  occur,  and  that  the  capacity  of 
the  reservoir  will  tend  to  relieve  this  flood  discharge. 

Two  training  walls  have  been  planned  from  the  ends  of  the  central 
portion  of  the  dam  to  protect  its  toe  from  the  erosion  of  water  passing 
over  the  spillways.  This  water  will  be  discharged  into  the  canyon 
below  the  lower  toe  of  the  dam  in  such  manner  as  to  project  the  over- 
flow down  the  canyon  away  from  the  dam.  The  section  of  the  waste 
way  weirs  proposed  for  the  two  spillways  is  shown  in  PL  XXIII,  A, 
These  weirs  are  to  be  built  upon  the  sloping  ledge  rocks,  and  will  have 
a  slop<^  on  their  lower  face  of  3  feet  horizontally  and  2  feet  vertically. 
They  wiU  be  of  an  exceedingly  substantial  nature,  the  surface  being 
protected  by  from  2  to  3  feet  of  extra  strong  concrete.  The  water  in 
passing  over  them  will  never  leave  the  face,  and  consequently  there 
will  be  no  pounding  action. 
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The  outlet  from  the  dam  will  be  through  two  towers  located  near 
the  right  abutment.     These  towers  will  be  semicircular,  a  portion  of 
the  opening  being  recessed  into  the  dam,  as  shown  by  the  details  (PL 
XXIII,  B).    A  series  of  intakes  will  be  placed  in  this  tower  at  varying 
elevations,  the  valve  (PL  XXVI,  A)  consisting  of  a  plain  cap  or  cover, 
as  shown  in  the  detail,  which  will  be  lifted  by  an  ordinary  wheel  and 
screw.    The  intakes  will  be  pipes  3  feet  in  diameter,  and  there  will  be 
six  in  each  tower  (PL  XXVI,  B).     As  the  water  should  be  drawn  from 
near  the  surface  of  the  reservoir  at  all  times  there  will  be  very  slight 
pressure  to  be  overcome  in  lifting  these  valves,  and  this  may  \ye  over- 
come by  closing  the  balanced  valves  inside  the  tower,  allowing  the 
latter  to  fill  with  water  through  small  by-pass  valves,  after  which  the 
pressure  on  the  outer  intake  valves  will  be  relieved.     In  ease  any  one 
of  the  valves  should  become  stuck,  the  water  could  be  drawn  into  the 
tower  from  other  valves,  and  when  the  general  water  plane  fell  below 
the  elevation  of  the  injured  valve  it  could  then  be  repaired.    A  second 
set  of  valves  is  to  be  located  near  the  base  of  the  tower.     These  valves 
will  permit  the  water  to  discharge  through  two  cast.-iron  pii)es  which 
will  pass  through  the  dam  and  which  are  to  be  4  feet  each  in  diameter. 
It  will  be  possible  to  discharge  water  through  four  of  these  pipes, 
two  being  located  in  each  tower,  as  shown  in  the  elevation  of  the  dam. 
The  discharge  through  these  pipes  will  vary  with  the  depth  of  water 
in  the  tower. 

As  the  valves  for  the  discharge  pipes  may  have  to  be  operated 
under  a  considerable  head  of  pressure,  a  balance  valve  Jias  been 
decided  upon  as  preferable.  This  valve  is  shown  on  PL  XXIII,  B. 
The  action  of  this  balance  valve  is  in  the  nature  of  a  double  piston  head, 
which  is  driven  by  a  screw  gear  from  above.  One  of  these  valves,  or 
piston  heads,  is  seated  on  each  side  of  the  valve  box.  The}'  are  ec^ual 
ill  area,  consequently  the  downward  pressure  on  the  upper  valve  is 
balanced  by  the  upward  pressure  on  the  lower  valve.  When  the 
valve  is  wide  open  one  of  these  piston  heads  will  be  2^  feet  below  it« 
seat,  and  the  upper  piston  head  will  be  in  the  center  of  the  boxing. 
The  water  will  therefore  enter  through  both  openings  and  discharge 
through  the  main  pipe. 

The  towers  were  considered  necessary  in  order  to  prevent  the 
deposit  of  silt  around  the  valves,  or  their  clogging  with  drift.  In 
ease  the  inner  valves  become  out  of  order  the  outer  valves  can  be 
closed  and  the  inner  valves  then  repaired.  Two  towers  have  l)een 
designed,  so  that  one  complete  set  of  valves  can  get  out  of  order  and 
the  second  set  be  used  during  the  repair  of  the  first.  A  bridge  from 
each  abutment  to  the  towers  has  been  planned,  so  that  the  <iam  may 
l>e  crossed  and  all  point^s  on  the  top  of  the  dam  visited,  even  during 
niaximuni  floods.  Alternate  designs  for  this  crossing  are  shown  on 
the  elevation  of  dam  and  wasteways,  one  for  an  iron  bridge  and  the 
other  for  a  combination  iron  and  concrete  span. 
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The  safety  of  this  structure,  considering  the  remarkably  hard  bed 
rock  on  which  it  is  to  rest,  the  fine  character  of  the  building  stone 
that  may  be  used,  the  heavy  gravity  section  of  the  dam  and  the  weirs 
that  have  been  planned,  the  solidity  of  the  abutments  and  the  nar- 
i*owne88  of  the  canyon,  would  be  beyond  question. 

At  a  point  180  feet  above  the  upper  face  of  the  dam,  marked  '^  B.  M. 
No.  1 "  on  the  plan  (PI.  XX),  the  canyon  is  but  88  feet  in  width 
between  the  abutment  walls.  This  is  apparently  an  ideal  place  to  put 
down  sheet  piling  to  bed  rock  to  intercept  the  underflow.  The  surface 
flow  of  the  stream  would  then  be  diverted  in  a  flume  to  a  point  below 
the  dam.  It  is  believed  that  the  sand  and  gravel  of  the  river  bed 
could  be  solidified  by  injecting  cement  grouting  through  pipes  into 
the  voids  of  the  sand  between  the  sheet  piling  and  the  foundation 
excavation.  This  could  be  injected  at  various  points  and  elevations 
and  the  mass  sufficiently  solidifled  to  admit  of  the  excavation  to  bed 
rock  at  the  site  of  the  dam. 

CAPACITY  AND  COST. 

The  capacity  of  the  San  Carlos  reservoir  with  the  height  of  dam 
proposed  is  the  greatest  of  any  of  the  reservoir  sites  that  were  found 
on  the  Gila  River  by  this  survey.  The  elevation  of  the  bed  of  the 
canyon  at  the  dam  site  is  assumed  by  the  surveys  as  100  feet  and  is 
equivalent  to  a  sea  elevation  of  2,307  feet,  as  determined  from  the  San 
Carlos  railroad  station.  A  United  States  Greological  Survey  brass 
bench-mark  tablet  has  been  placed  at  the  dam  site.  The  capacity  of 
the  San  Carlos  reservoir  site  is  shown  in  the  following  table: 

Capacity  of  San  Carlos  reservoir  site. 


Con- 
tour. 

Area. 

Contents 
between 
contonrs. 

Acre-feet. 

Total 
contentn. 

Acre-feet. 

Mean 
depth. 

Percent 

of  maxi- 

mnm 

depth. 

100 

no 

1^ 

lao 

140 

150 

160 

170 

180 

190 

20O 

210 

2S0 

230 

260 

a260 

a  270 

a280 

a290 

aaoo 

Acres. 
0 

17.2 

40.8 

88.8 

200.6 

488.8 

034.4 

1,548.8 

2.105.2 

2,624.0 

8,475.2 

4,148.8 

5,191.0 

6,2W.0 

7.848.0 

Feet. 

"86.6' 

290.0 

623.0 

1.467.0 

3,489.5 

7,118.6 

12.416.0 

10,220.0 

24,096.0 

80,496.0 

88,117.5 

46,876.5 

57,105.0 

135,780.0 

86.0 

876. 0 

000. 0 

2,466.0 

5,055.5 

13,009.0 

25,485.0 

44,705.0 

68.801.0 

99,207.0 

137,414.5 

184,291.0 

241,396.0 

877,176.0 

444.000.0 

512,000.0 

580.000.0 

650,000.0 

700,000.0 

5.G 
9.2 
12.0 
11.8 
12.2 
14.0 
16.4 
20.8 
26.0 
28.6 
38.1 
35.6 
39.2 
42.1 

60.0 
46.0 
40.0 
20.6 
24.4 
28.8 
23.4 
25.4 
28.9 
28.6 
28.3 
29.7 
80.6 
28.0 

a  Estimated. 
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The  area  that  will  be  flooded  by  the  construction  of  a  dam  at  the 
Narrows  will  be  on  the  Apache  Indian  Reservation.  The  question  of 
right  of  way  would  be  the  obtaining  of  the  use  of  these  •reservation 
lands.  A  plane-table  survey  of  the  reservoir  site  was  made  by  Mr. 
Cyrus  C.  Babb,  on  a  scale  of  2i  inches  to  the  mile  and  with  a  contour 
interval  of  10  feet.  From  this  survey  it  was  found  that  587  acres  of 
lands  that  have  been  irrigated  and  farmed  by  the  Indians  would  be 
flooded;  that  of  the  remaining  area,  4,405  acres  are  irrigable,  the 
remainder,  3,360  acres,  being  nonirrigable.  No  improvements  have 
been  made  by  the  Indians  other  than  the  building  of  brush  fences 
and  houses.  The  Apache  Indian  is  of  a  roving  nature  and  does  not 
like  to  live  for  a  long  period  of  time  upon  one  spot.  It  is  said  that 
when  a  death  occurs  in  a  family  the  house  is  abandoned  and  a  new 
location  is  selected. 

In  order  to  provide  for  the  damage  which  would  be  done  to  these 
Indian  farms,  the  estimate  includes  $20,000  for  the  construction  of  a 
new  irrigation  system  for  the  Indians  above  the  reservoir  site.  There 
is  as  much  water  available  from  the  Gila  River  at  points  between  San 
Carlos  and  Geronimo  as  near  the  agency.  Lands  in  that  locality  are 
unoccupied,  are  of  equal  fertility,  could  be  irrigated  with  equal  ease, 
and  are  on  the  reservation.  If,  therefore,  a  substantial  irrigation 
system  should  be  built  for  these  Indians  higher  up  on  the  river,  and 
this  should  be  given  to  them  in  lieu  of  their  primitive  and  deficient 
systems  that  now  exist,  it  is  considered  that  the  treatment  would  be 
fair. 

When  the  Gila  Valley,  Globe  and  Northern  Railway  built  through 
the  reservation  they  paid  the  Indians  at  the  rate  of  $40  an  acre  for 
Ihe  irrigated  lands  that  were  used  for  right  of  way  and  in  addition 
fi:ave  the  tribe  in  general  (8,000.  These  Indians  are  industrious  and 
anxious  to  work  for  wages  whenever  opportunity  is  offered.  They 
built  the  greater  portion  of  the  railroad  through  their  agency.  The 
work  on  the  dam  would  extend  over  a  period  of  two  years  or  more, 
and  the  Indians  may  be  given  much  employment  in  connection  with 
this  construction.  It  has  been  found  in  Mexico  that  as  the  water  is 
nin  off  from  a  reservoir  crops  may  be  raised  upon  the  uncovered 
lands,  which  have  been  completely  saturated  by  the  retiring  water. 
These  lands  are  found  to  be  most  productive.  The  Indians  of  San 
Carlos  would  have  the  opportunity  of  raising  crops  upon  marginal 
lands  and  would  doubtless  avail  themselves  of  this  opportunity. 

The  agency  grounds  and  military  post  were  surveyed  in  detail  on  a 
scale  of  200  feet  to  the  inch,  with  5-foot  contours.  The  essential  fea- 
tures of  this  map  have  been  reproduced  on  PI.  XXVIII. 

While  the  elevation  of  the  spillway  at  the  dam  is  130  feet  above  the 
bed  of  the  stream,  the  flood  line  of  the  i^eservoir  must  be  considered 
as  being  at  the  maximum  elevation  of  the  water  passing  over  the  weirs, 
or.  approximately  145  feet  above  the  bed  of  the  stream,  or  245  feet 
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al)ove  the  datum  of  the  contour  surveys.  This  contour,  whik 
would  not  include  all  the  buildings  of  the  military  post  and  of  ' 
Indian  agency,  would  cover  so  great  a  portion  of  the  grounds  that; 
remainder  would  be  practically  useless.  '; 

The  agency  and  the  post  are  both  exceedingly  dilapidated  and 
It  has  been  proposed  that  the  entire  agency  be  moved  to  a 
desirable  location  about  8  miles  above,  on  the  San  Carlos  Ri 
where,  in  fact,  the  greater  number  of  the  Indians  are  located, 
handsome  new  school  building,  which  has  been  provided  for  in  n 
appropriations,  will  not  be  located  at  the  old  agency,  but  at  this 
higher  up  on  the  San  Carlos.     There  is  a  stone  school  building,  i 
house,  and  blacksmith  shop  at  the  agency.     The  officer's  quarte 
adobe,  the  post  trader's  building  is  a  frame  structure,  and  ther 
twenty  frame  barracks.     The  quartermaster's  department  is  a 
of  sheds,  and  the  remaining  buildings  are  either  adobe  or  of 
lumber.     They  are  all  one-story  structures  except  the  schoolh 
and  are  of  a  very  ordinary  type.    Inhere  is  a  military  ice  and  p 
ing  plant  and  an  agency  flour  mill,  which  would  be  flooded  b 
reservoir. 

After  a  careful  consideration  of  all  the  buildings,  and  a  disc 
of  the  situation  on  the  ground  with  officers  in  charge  and 
familiar  with  the  value  of  the  property,  a  total  price  of  $60, 
considered  as  sufficient  to  provide  for  all  damages  done.    This 
has  been  included  in  the  estimate.     In  view  of  the  probable  m 
of  the  agency  to  another  location  and  the  possible  abandonme 
the  military  post,  and  considering  the  general  state  ^f  dilapid 
which  prevails,  this  flgure  of  $60,000  for  the  building  of  a  new 
is  considered  as  liberal. 

As  will  be  seen  by  reference  to  the  map  of  the  San  Carlos  res 
site,  the  Gila  Valley,  Globe  and  Northern  Railway  enters  the 
basin  near  its  head,  on  the  Gila  River,  and  passes  up  the  valley  ol 
San  Carlos  River,  a  total  distance  of  5.75  miles  in  the  reservoir 
This  railroad  was  built  in  the  fall  of  1898.    A  better  location  fo 
road,  away  from  the  river,  was  recommended  by  the  locating 
neer.    It  provided  for  the  crossing  of  the  neck  of  land  betwee 
Gila  and  the  San  Carlos.     The  location  of  this  line  is  indicated  I 
topography  on  the  reservoir  map  (PI.  XXYII).     I'he  railroad  ecu 
changed  from  its  present  location,  beginning  at  a  point  2  miles 
the  Gila  River  bridge  and  crossing  the  Gila  at  that  point,  passing 
a  divide  on  the  point  of  land  mentioned  above  at  an  elevation  o 
than  200  feet  above  the  bed  of  the  stream,  crossing  the  San  Carl 
miles  above  the  San  Carlos  station,  and  joining  the  present  line  a' 
last-named  point.     The  length  of  new  construction  would  be  5 
The  roadway  would  cost  about  $8,000  per  mile,  or  a  total  of  $40!] 
The  material  for  the  roadbed  would  cost,  approximately,  $4, 
mile,  but  could  be  moved  from  the  old  location.     There  would 
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CONTOUR  MAP  OF  THE  GROUNDS  OF  THE  SAN  CARLOS  INDIAN  AGENCY  AND 
MILITARY   POST.  SHOWING  LOCATION  OF  BUILDINGS. 

A,  hospital;  building  of  adobe  and  military  tank  above  it-  B,  adobe  buildings  occupied  by  the  officer*.  C,  frame 
bu  -dingB  used  jbs  barracks.  D,  adobe  buildings  used  as  stables.  E,  school  grounds;  buildings  mainly  of  adobe. 
F.  huts  or  wigwams  used  by  the  Indian  police.  O,  guardhouse.  H,  trader's  store.  /,  stone  warehouses.  J,  offices 
of  the  United  States  Indian  agency;  built  of  adobe.    K,  shops  and  stables  built  of  stone. 
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saving  of  4  miles  in  distance  in  the  new  line  over  the  old,  which  should 
eoinpensHte  for  the  moving.  There  would  l)e  two  bridges  to  move,  at 
an  approximate  cost  of  *1(),0(K). 

The  Gila  bridge  contains  thirty-three  10-foot  bents  and  three  small 
spans.  The  San  Carlos  bridge  has  thirty-four  16-foot  bents.  The  total 
cost  of  moving  this  railroad  has  l)een  estimated  at  $5(),(XK).  As  all  the 
material  for  the  construction  of  the  dam  that  will  be  shippe<l  to  San 
Carlos  will  have  to  pass  over  this  railroad,  including  about  25,000 
barrels  of  cement,  and  as  the  railroad  will  be  shortened  5  miles  without 
any  serioiis  additional  grade  and  removed  from  a  valley  of  two  ton*ential 
streams,  it  would  seem  that  this  change  of  location  might  be  readily 
arranged.  The  reason  the  railroad  was  placed  in  its  present  location 
was  to  enable  it  to  reach  the  post  and  agency  and  secure  that  trade. 
With  the  agency  removed,  there  would  no  longer  be  the  occasion  for 
its  present  location. 

Estimate^  San  Carlos  dam. 

Rnbble  masonry,  laid  in  concrete,  94,730  cabic  yards,  at  $6 $568, 380. 00 

NoTR.— With  sand  cement,  at  $4.68  per  barrel,  or  $4.28  per 

cubic  yard.     (See  Dnryee*s  report.)    This  figure  is  based  on  half 

of  the  mass  being  large  rock  and  half  concrete. 

Excavation  fonndation,  pnmping,  etc 150,000.00 

1  semicircnlar  tower,  of  concrete,  13,632  cubic  feet,  at  50  cents 6, 816. 00 

1  tower,  same  diameter  inside,  60  feet  high,  4,238  cubic  feet,  at  50  cents.  2, 119. 00 

2  tower  houses,  including  the  semicircular  base  of  concrete,  at 

$750each 1,500.00 

10  inlets  for  towers,  at  $500  each 5,000.00 

2  balance  valves,  at  $1,000  each 2,000.00 

2 balance  valves,  at  $750  each 1,500.00 

610 linear  feet  of  footbridge,  at  $10 ..  6,100.00 

5 miles  of  railway,  moved,  at  $10,000  per  mile 50,000.00 

New  irrigation  system  above  the  Indian  agency 20, 000. 00 

Damage  to  agency  and  poet  buildings 60,000.00 

Low  water  diversion  tunnel  - 10,000.00 

Wooden  crib  diversion  dam  at  head  of  irrigation  canal .  20, 000. 00 

903,415.00 

Contingencies,  10  per  cent 90,341.00 

Engineering,  5  per  cent 45,170.00 

Total.  1,038,926.00 

Total  number  of  acre-feet  stored  is  241,396,  at  a  rate  of  $4.30  per  acre-foot. 

GUTHRIE  RESERVOIR. 

The  Guthrie  reservoir  site  is  situated  in  Graham  County,  Arizona, 
alK)ut  30  miles  northeast  of  the  town  of  Solonionville,  on  the  Gila 
River.  The  dam  site  shown  on  PI.  XXX  is  about  1  mile  above  the 
Coronado  Ranch  House,  in  what  is  known  as  York  Canyon.  This 
is  approximately  4  miles  above  Guthrie  and  13  miles  below  Duncan. 
The  canyon  is  about  2,000  feet  long,  open  in  j?  both  above  and  below  into 
broad  valleys.     The  sui'vey  was  made  for  a  14()-foot  dam,  as  a  natural 
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spillway  occurs  one-half  mile  east  of  the  dam  site,  the  lowest  elevation 
of  which  is  130  feet.    The  main  wagon  road  through  the  valley  passes 
directly  through  this  spillway.    The  opening  varies  from  200  to  300 
feet  in  the  bed  of  the  canyon  and  from  800  to  900  feet  in  width  at  an 
elevation  of  140  feet  above  the  stream.     The  cliffs  of  the  canyon  are 
composed  of  volcanic  rock,  and  quarries  could  be  located  at  an  eleva- 
tion above  the  dam  site.     No  borings  for  bed  rock  have  been  made  at 
this  point,  because  of  the  lack  of  funds,  and  also  on  account  of  its 
remoteness  from  other  portions  of  the  work.     The  walls  of  the  canyon 
indicate  varying  conditions  of  lava  flow.     They  are  shattered,  and  in 
some  instances  there  are  strata  of  hard  rock  overl3dng  cobbles  and 
clay.    It  is  not  probable  that  the  rock  could  be  quarried  in  great 
quantities  or  in  blocks,  and  it  would  be  difficult  to  get  good  abutments. 
It  has  been  exceedingly  contorted  and  crushed  at  an  eleyation  of  about 
40  feet  above  the  bed  of  the  river. 

The  survey  of  the  reservoir  site  was  made  by  Mr.  Cyrus  C.  Babb, 
hydrographer,  on  a  scale  of  1  mile  to  2^  inches  (PI.  XXIX).    The  140- 
foot  contour  runs  within  three-quarters  of  a  mile  of  the  town  of  Duncan. 
It  is  probable  that  the  type  of  dam  which  would  be  constructed  at  this 
point,  if  one  should  be  built,  would  be  of  a  rock-fill  type  or  possibly 
of  earth.     The  basin  of  the  reservoir  contains  no  irrigated  agricul- 
tural land,  but  it  would  appear  to  be  possible  to  irrigate  a  portion  of 
this  valley.     The  New  Mexico  and  Arizona  Railroad,  which  is  a  nar- 
row-gage road  running  to  Morenci,  Arizona,  passes  through  the  entire 
length  of  this  reservoir  site  and  through  the  dam  site.     The  side  of 
the  reservoir  site  on  which  the  railroad  would  have  to  be  built  is 
rough,  and  the  cost  of  construction  would  be  at  least  $20,000  per  mile. 
Three  large  tributaries  of  the  Gila — the  San  Carlos,  the  Gila  Bonita, 
and  the  San  Francisco — ^join  the  river  below  this  point,  so  that  the 
water  supply  would  be  considerably  reduced.     It  was  not  necessary 
to  prepare  estimates  on  this  dam  site,  but  owing  to  its  probable  future 
value  for  irrigation  purx)oses  near  Solomonville  and  Florence,  it  is 
recommended  that  the  site  be  reserved  for  irrigation  purposes.     The 
capacities  of  this  reservoir,  with  varying  intervals,  above  the  bed  of 
the  streams  at  the  dam  site  are  given  in  the  following  table: 

Table  of  capacities^  Outhrie  reservoir, 

[Capacities  calculated  by  averaging  each  two  sections  and  mnltiplTing  by  10.] 


Con- 
tour. 

Area. 

Capacity 
of  each 
section. 

Total  ca- 
pacity. 

Con- 
tour. 

Area. 

Capacity 
oi  each 
section. 

Total  ca- 
IMMsity. 

10 
SO 
80 
40 
60 
00 
70 

Acres. 

14 

45 

164 

890 

099 

1,000 

1,431 

Acre-feet. 

70 

296 

095 

2,720 

5,445 

8,405 

12,156 

Acre-feet. 
70 
965 

i,a(» 

4,080 

0,525 

18.020 

80,175 

80 
90 
100 
110 
120 
130 
140 

Acres. 
1,875 
2,383 
2,844 
3,811 
8,602 
4,606 
5,652 

Acre-feet. 
16,530 
21,290 
28,135 
80,775 
86,865 
43,290 
51,240 

Acre -feet. 

46,705 

07,995 

94,180 

124.905 

161,270 

204,560 

266,800 

NO.  tS     PI..  JOQX 
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Queen  Creek  rises  in  the  mountains  to  the  westwanl  of  the  Silver 
King  mining  camp,  in  Pinal  County,  Arizona,  and  flows  in  a  general 
southwe8t.eriy  direction,  leaving  the  mountains  below  a  point  known 
as  Whitlow's  ranch,  approximately  18  miles  north  of  the  Buttes.  In 
ordinary  years  it  loses  itself  in  the  desert  north  of  the  (iila  River 
Indian  Reservation.  The  reservoir  site  was  surveyed  with  a  plane 
table  to  a  height  of  140  feet  above  the  bed  of  the  stream  at  the  dam 
site  and  contoured  in  l6-foot  intervals  (PL  XXXI).  The  following 
table  gives  the  capacity  of  this  reservoir  with  varying  heights  of  dam: 

Area  and  capacity  of  Queen  Creek  reaervoir. 


'Contour. 


2.080... 

2,oro... 
2,oeo.. 

2,000.. 
2,1U0... 


Xtpa      GaP«c-    I  Con-  i   a„^      Capat:- 
'^"**'       ity.       '  tour.     ^■^*-        ity. 


^^;     Area.  1  Capacity. 


Acre9. 

Acrt-ft. 

Acrftt. 

Acre-ft. 

8 

40 

2.110 

279 

5.425 

23 

190 

2,120 

356 

8,600 

S3  , 

680    ; 

2,180, 

445 

12.605 

112 

1,380 

2,140  ' 

538 

17,5ai> 

200 

2.085 

2,150  1 

630 

23,380 

2,160 
2,1T0 
3,180 
2,190 


AcreB. 

757 

894 

1,019 

1.091 


Acre-ft. 
:)0,fi96 
39.050 
48.615 
50.665 


A  dam  of  the  rock-ftU  type  was  estimated  upon  in  1895  to  cost 
*i'21,000.     The  total  area  of  the  drainage  is  142.5  square  miles. 

Observations  on  the  discharge  of  Queen  Creek  were  commenced  in 
1895,  at  the  time  of  the  firat  investigation  for  a  water  supply  for  the 
Gila  River  Indian  Reservation.     A  gage  rod  was  then  placed  and  a 
gaging  station  established  at  Whitlow's  ranch,  at  the  dam  site  of  the 
Queen  Creek  reservoir  site.     During  the  year  1896  an  observer  was 
employed  and  located  at  this  station.     At  the  time  of  the  establish- 
ment of  the  station  there  was  a  slight  permanent  flow,  averaging 
about  2  second-feet,  which  next  year  failed.     The  principal  water 
supply  of  this  creek  consists  of  floods  of  one  or  two  days'  duration, 
occurring  immediately  after  a  rainfall  in  the  basin.    On  this  account, 
in  order  to  obtain  an  accurate  determination  of  the  discharge,  an 
obser\'er  has  to  be  constantly  located  at  the  station  to  measure  the 
discharge,  and  to  record  its  duration  of  flow.     Such  a  system  was 
employed  during  1896  and  until  April,  1897. 

The  monthly  discharge  at  this  station  for  1896  is  published  in  the 
Eighteenth  Annual  Report  of  the  United  States  (Tcological  Survey, 
Part  IV,  page  295.  The  total  discharge  for  the  year  was  10,887  acre- 
feet.  The  daily  observations  for  1897  are  i)ublished  in  the  Nineteenth 
Annual  Report,  Part  IV,  page  417.  The  floods  were  measured  as  they 
occurred,  and  it  is  assumed  that  they  lasted  twelve  hours  each.  On 
this  basis  the  total  discharge  to  April  6,  1897,  was  8,020  acre-feet. 

The  total  discharge  for  the  year  has  been  estimated  in  the  following 
manner,  and  is  only  roughly  ai)proximate.  A  rainfall  record  has  been 
kept  at  Pinal  ranch,  within  the  drainage  area,  from  1895  to  the  pres- 
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ent  date,  inclusiva.  The  total  precipitation  for  1897  was  23.23  inches. 
For  the  period  from  January  to  March,  inclusive,  during  the  time  in 
which  measurements  of  discharge  on  the  creek  were  made,  the  pre- 
cipitation was  14. 21  inches.  A  proportion  was,  therefore,  made — 14.21 
is  to  23.23  as  8,020  is  to  total  discharge  for  the  year.  Working  out 
this  proportion  gives  a  total  discharge  of  13,110  acre-feet. 

An  observer  was  employed  at  this  station  for  July,  August,  and 
September,  1898.  He  recorded  the  heights  of  floods  on  the  gage  rod 
as  they  occurred.  From  this  record,  in  connection  with  the  cross 
sections  which  were  measured,  an  estimate  of  the  discharge  of  the 
creek  was  made.  These  observations  are  reported  in  Water-Supply 
and  Irrigation  Paper  No.  28  of  the  United  States  Geological  Survey, 
page  132.  The  discharge  for  these  three  months  has  been  computed 
as  5,140  acre-feet,  including  the  one  flood  occurring  in  December  of 
that  year.  The  creek  was  reported  dry  from  the  1st  of  March  until 
the  time  the  observer  assumed  his  duties,  and  from  September  to  the 
measured  flood,  December  18.  One  flood  occurred,  however,  in  Jan- 
uary or  February,  1898,  of  which  no  record  was  kept,  but  the  quan- 
tity was  not  notably  large.  It  is  rei)orted  by  people  located  io  the 
basin  that  the  year  1898  was  characterized  by  an  exceedingly  small 
flow  of  the  creek.  The  total  discharge  for  the  year  is  assumed  as 
6,000  acre-feet.     It  is  probable  this  amount  was  not  exceeded. 

The  old  gaging  station  was  reestablished  in  December,  1898,  and  an 
observer  employed  to  record  any  floods  occurring.  Meter  measure- 
ments were  not  made,  but  gage  records  were  taken  on  both  the  origi- 
nal gage  and  a  slope  gage  placed  431  feet  above  and  referred  to  the 
same  datum.  Cross  seqtions  of  each  flood  were  measured.  From  this 
data  the  discharges  of  the  creek  were  computed  by  means  of  the 
Eutter  formula.  From  these  computations  for  the  period  from  Janu- 
ary 1  to  August  11,  1899,  the  discharge  is  found  to  be  12, 527  acre-feet. 

Summary,  total  annual  discharge  of  Queen  Creek  at  Whitlow's  ranch,  Arizcma, 


Tear. 


1896 

1897 

1898 

1899,  Jan.  1  to  Aug.  11 


Acre-feet, 


10,887 

13, 110 

6,000 

12,627 


As  it  has  been  shown  that  10,875  acres,  requiring  20,000  acre-feet  of 
water,  are  needed  at  once  for  the  Indians  who  are  on  or  near  the  GiU 
River  Indian  Reservation,  and  as  an  ultimate  consumption  of  4O,0^X' 
acre-feet  is  estimated  as  a  possible  future  need  and  this  amount 
accepted  as  the  basis  of  this  report,  it  is  obvious  that  Queen  Creek  is 
not  able  to  supply  the  full  demand,  either  present  or  prospective. 
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BED  ROCK  AT  DAM  SITE. 

A  diamond  core  drilling  outfit  was  sent  to  Qneen  Creek  on  April 
17, 18d9,  &nd  the  work  was  completed  on  May  20,  1899.     It  was  found 
difficult  to  drive  the  pipe  at  this  point,  owing  to  the  presence  of  numer- 
ous bowlders  in  the  covering  of  the  bed  rock.     The  pipe  was  frequently 
bent  and  it  was  often  found  necessary  to  place  dynamite  in  the  hole, 
raise  the  pipe  a  few  feet,  and  explode  the  powder  before  the  pipe  could 
be  driven  to  bed  rock.     There  were  11  holes  put  down,  their  relative 
location  being  shown  on  PL  XXXII,  A,     The  elevations  at  each  of 
these  is  given  in  the  list  below.     At  a  point  on  the  figure  marked 
"Gage"  is  the  upper  gage  rod,  its  zero  being  at  an  elevation  of  2,041.7 
feet.    At  the  point  near  this,  marked  "Iron,"  is  the  northwesterly 
iron  gad,  put  at  an  elevation  of  2,049.9  feet.     Opposite  this  is  the 
northeastern  iron  gad,  at  an  elevation  of  2,060.6  feet.     At  the  point 
marked  '*  B.  M."  is  one  of  the  bronze  tablets  of  the  Geological  Survey, 
placed  at  an  elevation  of  2,055.1  feet. 

Borings  at  Queen  Creek. 


Depth 

Hole. 

Sorfaoe 

Bed-rock 

Depth. 

bored 

elevation. 

elevation. 

Into 

1 

rock. 

Eeet 

JF^et. 

Feet. 

Feet. 

1 

2,060.0 

,     2,018.0 

37.0 

7.5 

2 

2,051.4 

i     2,017.4 

34.0 

8.0 

3 

2,063.4 

2,027.4 

20.0 

6.0 

i 

2,060.6 

2,018.6 

82.0 

4.0 

6 

2,040.7 

2,021.4 

28.3 

6.2 

6 

2,050.5 

2,011.0 

80. 5 

4.2 

7 

2.040.5 

2,017.6 

82.5 

7.0 

8 

2,060.2 

2,015.2 

35.0 

7.0 

9 

2,060.5 

2,022.3 

28.2 

8.0 

10 

•  2,060.2 

2,007.7 

42.5 

1.5 

11 

2,047.3 

2,083.8 

23.5 

5.5 

1 

There  is  a  United  States  Geological  Survey  bronze  bench-mark  tablet  on  the 
left  bank,  in  line  with  the  npper  row  of  holes,  set  in  the  rock  about  5  feet  above 
bed  of  stream.    Elevation,  2,055.7  feet. 


The  bed  rock  was  found  to  be  a  uniform,  heavy,  volcanic  product, 
having  a  specific  gravity  of  2.49,  or  a  weight  of  156.5  pounds  per  cubic 
foot.  Its  strength  to  resist  crushing  was  greater  than  the  capacity  of 
the  testing  machine.  A  core  three-fourths  of  an  inch  in  diameter 
would  not  crush  under  a  pressure  of  1  ton.  Further  description  of 
the  Queen  Creek  dam  and  reservoir  site  may  be  found  between  pages 
43  and  52  of  the  report  on  the  irrigation  investigation  for  the  benefit 
of  the  Pimas  and  other  Indians  on  the  Gila  River  Indian  Reservation, 
Arizona,  by  Mr.  Arthur  P.  Davis,  hydrographer,  in  Senate  Document 
No.  27,  Fifty-fourth  Congress,  second  session. 
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CEMENT. 

By  Edward  Durtee. 

Investigations  were  made  under  instructions  from  Mr.  J.  "B.  Lippin- 
cott,  in  order  to  ascertain  means  of  lessening  the  cost  of  Portland 
cement  in  the  construction  of  dams  on  the  Gila  River  in  Arizona. 
Owing  to  the  remoteness  of  these  proposed  dams  from  lines  of  trans- 
portation, the  expense  of  bringing  cement  to  the  sites  makes  a  notable 
addition  to  the  cost  over  construction  elsewhere,  and  it  is  therefore 
of  great  importance  to  reduce  the  quantity  of  cement  to  the  smallest 
allowable  amount. 

Portland  cement  is  considered  an  essential  element  in  the  construc- 
tion of  dams  subject  to  severe  and  sudden  strains  due  to  floods.  It  is 
valuable  not  only  in  giving  great  strength  and  homogeneity  to  the 
structure,  but  also  because  of  the  fact  that  exposure  to  moisture, 
which  deteriorates  many  materials,  serves  to  increase  the  strength  of 
Portland-cement  mortars.  It  is  thus  being  largely  used  for  this  pur- 
pose. For  example,  the  new  dam  under  construction  on  the  Nile  at 
Assuan  will  require  3,000,000  barrels  of  Portland  cement,  costing,  in 
round  numbers,  $12,000,000. 

The  investigation  of  cement  for  the  Gila  River  dams  has  been 
along  three  lines:  (1)  To  ascertain  whether  by  unusually  fine  grind- 
ing of  the  cement  its  strength  can  be  appreciably  enhanced  and  the 
quantity  correspondingly  reduced;  (2)  whether  it  is  feasible  to  use 
the  rocks  found  at  the  dam  sites  for  making  a  sand  cement;  (3) 
whether  Portland  cement  can  be  economically  made  at  these  sites. 

SAND    CEMENT. 

Sand  cement  is  a  term  applied  to  a  mixture  of  cement  and  sand  ground 
together  in  a  dry  state  to  an  impalpable  powder.  As  a  rule  Portland 
cement  and  quartz  sand  are  the  materials  thus  used.  This  mixture  is 
then  used  with  ordinary  sand  and  gravel,  as  in  the  customary  prarCtiee. 
The  proportion  of  pure  cement  is  thus  considerably  reduced,  but  the 
strength  and  durability  of  the  concrete  has  been  found  to  be  nearly  as 
great  as  that  made  with  the  undiluted  cement.  The  explanation  offered 
for  the  remarkably  good  results  obtained  with  sand  cement  when  used 
with  ordinary  coarse  sand  is  that  the  voids  in  the  coarse  sand  are 
nearly  filled  with  the  finely  ground  sand.  The  grains  are  thus  bonded 
together  and  to  the  coarse  sand  by  the  uniformly  diffused  particles  of 
the  fine  cement.  The  amount  of  voids  in  the  ordinary  sand,  in  other 
words,  is  greatly  reduced  by  the  fine  sand,  fulfilling  the  requirement 
for  a  strong  mortar  that  it  is  necessary  to  be  of  dense  character,  the 
grains  being  of  such  graduated  size  and  so  well  mingled  as  to  afford 
the  maximum  contact  of  the  surfaces  of  the  particles. 

In  sand-cement  mortar  the  grains  of  sand  are  extremely  minute, 
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the  mixture  being  so  fine  that  only  o  per  cent  residue  is  left  on  a 
screen  of  200  meshes  to  the  linear  inch  or  40,000  meshes  to  the  square 
inch.  The  great  density  thus  obtained  contributes  to  the  imperme- 
ability to  water  and  increases  the  compressive  strength  and  load- 
bearing  capacity,  thus  rendering  the  mass  of  value  for  constructing 
foandations,  dams,  and  sea  walls. 

In  the  tests  made  in  this  investigation  a  rock  known  as  pearlite,  an 
acidic  lava  or  rhyolite  from  the  Buttes  dam  site,  was  used,  and  also 
samples  of  quartzite  from  the  San  Carlos  dam  site.     These  were  chosen 
because  of  the  abundance  of  these  rocks  at  the  localities  named  and 
their  superior  hardness.     The  Portland  cement  used  was  that  manu- 
factured at  Colton,  California,  this  being  made  nearest  to  the  place 
where  it  will  be  used  and  being  sold  at  a  lower  price  than  other  Portland 
cement  in  the  local  market.    All  of  the  tests  were  made  with  the  same 
sample  of  cement,  portions  of  this  being  taken  for  the  several  mix- 
tures with  crushed  pearlite  and  quartzite.     The  sand  used  with  the 
foreign  cement  in  making  sand  cement  was  clean  beach  sand  from 
dunes  along  the  coast. 

TESTS  OF  SAND  CEMENTS. 

Results  of  the  tests  of  the  sand  cements  and  comparisons  with  otner 
mixtures  are  given  in  the  following  table.  In  each  case  the  crushed 
pearlite  was  mixed  with  an  equal  weight  of  cement,  and  the  mixture 
was  ground  in  a  mortar  until  it  all  passed  through  a  screen  having 
200  meshes  to  the  linear  inch.  The  same  method  was  pursued  with 
the  quartzite  from  San  Carlos,  thus  making  sand  cements  composed 
of  equal  parts  of  Portland  cement  and  pulverized  rock  ground  to  an 
exceedingly  fine  condition. 

The  coarse  sand  used  in  making  the  mortar  with  the  sand  cement 
and  with  the  pure  (Portland)  Colton  cement  was  of  the  ordinary  grade 
of  fineness  used  for  making  cement  tests.  It  was  screened  from  ordi- 
nary gravel,  all  residue  on  the  20-mesh  screen  being  rejected  and  all 
left  on  the  30-mesh  screen  being  retained. 

The  briquettes  for  testing  were  made  according  to  the  specifications 
recommended  by  the  American  Society  of  Civil  Engineers.     After  the 
briquettes  were  made  they  were  kept  under  a  damp  cloth  for  twenty- 
four  hours,  then  placed  in  vats  of  water,  where  they  were  left  until 
the  time  for  breaking  arrived,  namely,  seven  days  or  twenty-eight 
days.      The  fine  grinding  and  diluting  of  the  Portland  cement  with 
fine  sand  did  not  materially  affect  the  time  of  hardening  or  setting. 
The  beginning  of  the  setting  process  of  the  ordinary  Colton  cement 
mortar,  or  initial  setting,  was  thirty-three  minutes,  and  the  time  of 
final   setting  was  eighty-five  minutes.     This  applies  to  samples  Nos. 
3,  4,  and.  9  of  the  following  list.     The  corresponding  periods  for  the 
sand  cement  were  thirty  and  eighty  minutes.     The  cement  mortar 
continues  to  harden  and  increase  in  firmness  for  a  year  or  longer. 
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Results  of  tests  of  Pofiland  sand  cements. 
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No. 

Material. 

Sand. 

2 

2 
2 
3 
2 
3 

3 

8 
0 
0 

2 
2 
3 
3 
2 
3 

Port- 
land 
cement 

to 
sand. 

lto5 

lto5 
lto2 
lto3 
1  to2 
lto3 

lto7 

lto7 
ItoO 
ItoO 

lto5 
lto5 
lto7 
lto7 
lto2 
lto3 

Finenem. 

Water. 

Strength. 

60 
mesh. 

Perct. 
0.00 

.00 
.42 
.42 
.00 
.00 

.00 

.00 
.42 
.80 

.00 
.00 
.00 
.00 
.80 
.80 

100 
mesh. 

200 
mesh. 

Perct. 
0.00 

.00 
33.20 
83.20 

(a). 
{a) 

.00 

.00 
38.20 
29.38 

.00 
(a) 
(a) 

.00 
29.33 
29.38 

7  days. 

28 
days. 

Lbs, 

300 

345 

240 

m 

280 

155 

185 
060 
5« 

190 

185 

90 

140 

1 
2 

3 

4 
6 
6 

7 

8 

9 
10 
11 

12 
13 
14 
15 
16 

Col  ton  and  Bntte  T>earl- 
ite.ltol 

Perct. 
0.00 

.00 

7.2U 

7.20 

.00 

.00 

.00 

.00 
7.20 
7.80 

.00 
.00 
.00 
.00 
7.80 
7.80 

Perct. 
10 

10 
10 
10 
12 
12 

10 

10 
18 
18 

10 
10 
10 
10 
10 
10 

80 

90 
170 
140 
870 
170 

75 

56 
615 
345 

115 
125 
55 
90 
210 
120 

'  Colton  and  San  Carlos 

qnartzite,  1  tol 

Colton.  reffalar 

do 

Colton,  fine  ground  .... 
do 

Colton  and  Bntte  pearl- 
ite,l  to  1 

Colton  and  San  Carlos 

quartzite,  1  to  1 

Colton,  reffnlar 

Imported 

Imported  and  sand,  1 

tol 

do 

do 

do 

Imported,  regular 

do 

270 
1      175 

a  Some  left  on  200-me8h  screen. 

Note.— Tho  above  cement  stood  the  boiling  test  for  free  lime  satisfactorily. 

Comparison  of  test  No.  3  with  No.  5,  and  of  No.  4  with  No.  6,  shows 
that  increased  fineness  of  grinding  very  materially  increases  the 
strength  and  sand-carrying  capacity  of  cements.  The  ordinary  Col- 
ton cement  of  tests  No.  3  and  No.  4  was  ground  finer  than  commercial 
Portland  is  usually  ground.  Recent  improvements  in  mills  for  grind- 
ing render  possible  a  reduction  in  size  of  cement  grains  at  a  cost 
which  is  small  when  compared  with  the  great  increase  in  the  value  of 
the  resulting  material.  Where  the  freight  charges  are  high,  as  is 
the  case  at  the  locations  under  consideration,  it  is  especially  impor- 
tant to  take  advantage  of  this  improvement,  and  there  is  no  doubt 
that  if  the  specifications  call  for  a  fineness  such  that  only  1  per  cent 
is  to  be  left  on  a  lOO-mesh  screen,  the  manufacturers  will  respond  to 
the  requirements.  Engineering  specifications  have  ordinarily  allowed 
a  residue  of  5  per  cent  on  a  50-mesh  screen,  although  manufacturers 
have  for  some  years  permitted  a  residue  of  only  1  or  2  per  cent  on  a 
50-me8h  screen. 

CRUSHING  TESTS. 

In  order  to  obtain  the  crushing  strength  of  the  various  cements  and 
concrete  considered,  two  1-inch  cubes  of  each  were  broken.  The 
results  given  are  the  averages  of  the  crushing  strength  of  the  two 
cubes.  The  cubes  were  allowed  to  I'emain  thirty  days  in  water  and 
then  thirty  days  in  the  air. 
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Crushing  testa  of  l-inch  cubes. 


Character  of  mixture. 


Standard  Golton  cement 

ColtoD  cement,  1  part,  and  ordinary  testing  sand, 
2  parte 

Golton  cement,  1  part,  and  marble  sand,  2  parts.. 


Water. 

Average 
crushing 
strength. 

Per  cent. 

Tons. 

18 

3.25 

8 

1.75 

8 

2.88 

J 


Cmshing  tests  were  also  made  of  6-inch  cubes  of  concrete  after  these 
had  been  immersed  for  thirty  days  in  water.  The  portions  of  the  mix- 
tare  and  the  breaking  strain  in  tons  are  given  in  the  following  table. 
In  the  mixture  the  proportions  are  given  by  volume  and  not  by  weight. 

Crushing  tests  of  6-inch  cubes. 


Character  of  mixture. 


Golton  cement,  1  part;  ordinary  sand,  3  parts;  pebbles  from 
gravel,  6  parts 

Golton  cement,  1  part;  sand,  3  parts;  crashed  marble,  6  parts. 

Golton  cement,  1  part;  sand,  2  parts;  crashed  marble,  5  parts. 


Breaking 
strength. 


It  is  believed  that  concretes  of  approximately  equal  value  can  be 
obtained  by  using  cements  in  the  following  proportions,  measured  by 
volume: 

Portland  cement,  1;  sand,  8;  broken  stone,  7. 
Sand  cement,  1;  sand,  2;  broken  stone,  6. 


COST  OF  SAND  CEMENTS. 

In  the  Portland-cement  concrete  made  in  the  proportion  of  cement 
1  part,  sand  3  parts,  and  broken  stone  7  parts,  it  has  been  found  that 
270  pounds  of  cement  will  be  required  for  a  cubic  yard  of  concrete. 
This,  at  2.12  cents  per  pound,  will  cost  $5.72  per  cubic  yard. 

In  the  sand-cement  concrete  of  the  proportions  1  cement,  2  sand, 
and  6  stone,  340  i)ounds  of  cement  would  be  required  for  each  cubic 
yard  of  concrete.    This,  at  1.2  cents  per  x)ound,  would  cost  $4.08. 

The  saving  in  the  cost  of  cement  to  be  effected  by  using  sand  cement 
instead  of  the  Colton  Portland  will  be  the  difference  between  $5.72 
rtnd  $4.08,  or  $1.64  per  cubic  yard  of  this  concrete  entering  into  the 
construction  of  the  dam.  From  the  total  saving  thus  realized  should, 
however,  be  deducted  the  cost  of  the  plant  required  for  grinding  the 
sand  cement. 
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Concrete  blocks  composed  of  the  above  proportions  were  crushed  at 
McGill  University  in  1898,  with  the  following  results:* 

Sand  cement,  1;  sand,  2;  broken  stone,  6;  water,  20  per  cent. 
Weight  per  cubic  foot,  154  pounds.    Crashing  load,  in  pounds  per  square  inch: 
Seven  d&ys,  521  pounds;  twenty-eight  days,  689  pounds;  sixty  days,  670  pounds. 

A  concrete  of  German  Portland  of  the  proportions  of  1  cement,  2 
sand,  6  broken  stone,  and  20  per  cent  water  stood  a  load  of  728  pounds 
per  square  inch  in  twenty-eight  days,  and  one  of  the  same  proportions 
made  from  English  Portland  stood  p98  pounds  in  twenty-eight  days. 

Tests  for  crushing  strength  on  6-inch  cubes  of  concrete,  made  of  1 
part  sand  cement,  2  sand,  and  3  parts  gravel,  were  made  on  concrete 
that  was  taken  from  the  bucket  just  as  it  was  ready  to  be  laid  in  the 
foundation  of  the  Cathedral  of  St.  John  the  Divine,  in  New  York 
City.  Each  result  is  the  average  of  the  crushing  strength  of  four 
separate  cubes,  made  under  exactly  the  same  conditions  at  different 
periods: 

Poands. 

7  days  old  crushed  at 77.162 

14  days  old  crushed  at 83, 225 

80  days  old  crushed  at 92,4&^ 

Approximate  cost  of  plant  for  making  sand  cement;  capacity,  S40  barrels  per 

tti?enty-fotir  hours. 

Crusher  (required  also  for  crushing  rock  for  concrete) $2, 000. 00 

Mill  for  coarse  grinding 2, 000. 00 

Tube  mill  for  finishing 3,500.00 

Engine  and  boiler 1,500.00 

Setting  up  machinery 1,000.00 

Buildings  and  bins 1,000.00 

Total 10,000.00 

Cost  of  mill,  per  barrel  of  cement.. .20 

Add  for  concrete  making  a  power  mixing  machine 1, 500.00 

In  making  concrete,  if  a  good  quality  of  stone  be  used,  and  the  rock 
be  crushed  so  as  to  be  well  graduated  as  to  sizes,  thus  securing  a  min- 
imum of  voids,  the  compressive  strength  of  the  concrete  increases  as 
the  proportion  of  stone  increases  and  as  the  volume  of  voids  between 
the  stone  decreases,  and  decreases  as  the  proportion  of  sand  in  the 
mortar  increases.     The  rule,  therefore,  holds  that,  to  secure  the  great- 
est strength,  mix  the  maximum  quantity  of  stone  with  a  minimnni  of 
sand  mortar  sufficient  to  bond  the  stone  together,  the  sand  mortar 
being  rich  in  cement.     An  extensive  bed  of  exceptionally  good  sand 
for  mortar  was  found  near  the  Buttes,  the  grains  graduating  in  size 
from  very  small  to  large  sizes.     It  shows  only  35  i)er  cent  of  voids, 
while  the  standard  cement-testing  sand  used  in  laboratories  lias  4o 
per  cent  of  voids. 
'  » —  • 
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A  ]arge  tube  mill  will  grind  10  barrels  of  sand  cement  per  hoar  to 
the  reqaisite  degree  of  fineness,  at  an  estimated  cost  of  20  cents  per 
barrel.  The  cost  of  power  for  grinding  is  calculated  at*  3  cents  per 
horsepower  per  hour  at  the  dam  site. 

Cost  of  sand  cement  ufith  Portland  cement  at  $8  per  barrel. 

One-half  barrel  Portland $4.00 

One-hiUf  barrel  crushed  and  coarse-ground  quartzite 18 

Grinding  same  in  a  tube  mill 20 

Royalty  on  account  of  sand-cement  patent 05 

Total  ooet  of  sand  cement  per  barrel  (875  pounds) 4.48 

• 

The  cost  of  sand  cement  per  pound,  quartzite  being  used  as  the 
source  of  the  sand  cement,  would  therefore  be  1.2  cents. 

The  cost  of  the  mill  per  barrel  of  cement,  20  cents,  is  not  included 
in  the  above. 

It  is  estimated  that  the  cost  per  barrel  of  Colton  Portland  cement, 
delivered  at  the  dam  site  will  be  $8.  Thjs,  for  375  pounds  weight 
cement,  would  make  the  cement  cost  2.12  cents  per  pound. 

USB  OP  ROCKS  AT  THE  DAM  SITES. 

For  the  purpose  of  ascertaining  whether  the  rocks  at  the  dam  sites 
could  be  used  in  the  manufacture  of  Portland  cement  the  localities 
were  visited  and  samples  were  obtained  of  those  rocks  which  occurred 
in  sufficient  quantities  to  furnish  a  supply  necessary  for  manufactur- 
ing the  large  amounts  of  cement  needed.     In  looking  for  the  raw 
materials  it  must  be  l)orne  in  mind  that,  chemically  considered,  Port- 
land cement  consLsts  of  a  compound  of  tricalcium  silicate  and  di cal- 
cium aluminate,  accompanied  by  small  percentages  of  ferrate  and 
sulphate  of  lime  and  traces  of  alkalies.     It  is  made  by  gi'inding  and 
burning  together  either  natural  or  artificial  mixtures  of  carbonate  of 
lime  and  silicate  of  alumina.     Limestones,  chalks,  or  marls  usually 
furnish  the  carbonate  of  lime,  and  clays  are  the  ordinary'  source  of 
the  alumina  and  silica.     The  mixtures  are  burned  at  a  high  tempera- 
tui-e  to  a  blackish  clinker  of  a  semivitrified  character.     After  cooling, 
this  clinker  is  reduced  by  grinding  to  an  impalpable  powder,  in  which 
iorm  it  is  known  by  the  generic  name  of  Portland  cement. 

ROCKS  AT  RIVERSIDE  DAM  SITE. 

Limestone  (No.  3  in  the  following  table)  was  obtained  near  River- 
side, on  the  road  to.  the  Pioneer  mill,  where  it  is  found  in  large  quan- 
tities along  the  roadside.  The  rhyolite  (No.  4  in  the  following  table) 
wa.s  found  2  miles  south  of  the  Riverside  site.  It  offered  the  closest 
approach  to  a  suitable  silicate  of  alumina  that  could  ])e  found. 
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The  source  of  elements  of  silica  and  alumina  in  the  crude  materials 
should,  however,  be  sedimentary  in  character,  not  igneous  or  meta- 
morphic.  The  analysis  justified  a  trial  mixture,  and  therefore  one 
was  calculated  and  made,  but  on  burning  the  materials  failed  to 
effect  the  requisite  combination  for  a  Portland  cement.  Too  large  a 
percentage  of  the  silica  was  in  the  free  or  uncombined  condition. 
Fuel  was  not  to  be  found  near  the  Riverside  site,  and  the  manufac- 
ture of  cement  at  this  place  is  considered  impracticable. 

ROCKS  AT  SAN   CARLOS  DAM  SITE. 

The  limestone  from  San  Carlos  site  (No.  2  in  the  following  tAble) 
was  found  to  be  admirably  adapted  to  the  purpose  of  the  dam  con- 
struction on  account  of  its  good  specific  gravity  (which  was  2.7), 
freedom  from  flaws,  and  siliceous  character.  It  occurs  in  vast  quan- 
tities, forming  the  abutments  at  the  dam  site.  It  forms  bluffs, 
extending  for  several  hundred  feet, well  located  for  quarrying.  Large 
masses  may  be  embedded  in  the  concrete,  care  being  taken  that  they 
be  laid  irregularly  in  the  mass  of  the  dam,  and  are  well  placed  so  as 
to  bond  into  a  monolith. 

Analyses  of  rocks  from  the  vicinity  of  the  dam  sites, 
[Chemical  composition,  in  percentages.] 


No. 

1 
2 
8 

4 
5 
6 
7 

Name. 

Color. 

Locality. 

Sp.  gr. 

Car- 
bonate 
of  lime, 
CaCO,. 

Car- 
bonate 
of  mag- 
nesia. 

Silica 
(SiO,). 

Alu- 
mina 
and 
ferric 
oxide. 

Mois- 
ture. 

Lime 

per 
cent  in 

the 

car-    1 
bonate, 
of  lime,  i 

( 

Tiimestone . 

do 

Rhyolite... 
do 

Limestone . 
do 

Gray... 
Pink  ... 
Blue.... 
White.. 
Pearl... 
Blue... 
Gray... 

San  Carlos 

96.66 

A5.92 

98.10 

9.60 

0.00 

31.00 

0.00 

1.4 

8.7 

4.7 

60.9 

1.3 

6.0 

1.4 

12.6 

0.65 
1.00 

16.00 

54.124    , 

...  do    

2.709 

i'sii' 

2.361 

2.81 
2.678 

31. 3U 

Riverside 

do....: 

Buttes 

SS.I3B 
6.376 

Queen  Creek  a. 
do 

90.10 
56.50 

0.00 
0.00 

4.1 
84.6 

5.8 
1.8 

3i.06 

a  From  about  1^  mile  above  dam  site. 

The  analysis  of  the  gray  or  bluish  limestone  (No.  1  in  the  above 
table)  shows  from  its  freedom  from  magnesia  and  the  small  percent- 
age of  free  silica  that  it  is  possible  to  make  a  Portland  cement  w^ith 
it,  provided  a  suitable  clay  can  be  found  to  furnish  the  requisite 
elements  of  silica,  alumina,  and  ferric  oxide. 


FUEL. 


An  extensive  but  undeveloped  deposit  of  bituminous  coal  is  located 
about  17  miles  from  the  San  Carlos  dam  site.  There  is  a  wagon  trail 
to  within  about  6  miles  of  the  coal  beds,  but  after  leaving  the  wa^on 
trail  the  only  means  of  access  was  found  to  be  a  bridle  path  over  the 
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hills.    About  tien  years  ago  numerous  prospectors'  locations  were 
made  in  the  district,  and  shafts  were  sunk  at  a  sufficient  number  of 
localities  to  prove  the  deposit  to  be  of  considerable  extent.     Most  of 
the  shafts  have  become  filled  with  debris,  but  several  were  entered  to 
depths  of  15  to  30  feet.    They  showed  the  body  of  coal  to  be  in  beds 
having  a  dip  of  about  60°,  the  beds  being  from  5  to  10  feet  in  thick- 
ness, not  of  solid  fuel,  but  showing  seams  of  good  coal  interlaid  with 
seams  of  slate  and  waste.     In  the  bottom  of  the  deepest  shafts  was 
found  a  good  body  of  coal  in  a  solid  bed  perhaps  5  feet  thick.    It 
was  reported  that  at  the  time  the  prospecting  was  done  on  the  claims 
some  30  tons  were  transported  by  wagons  to  the  Southern  Pacific 
Railroad  and  used  in  the  locomotives,  but  that  the  cost  of  mining  and 
transporting  it  to  the  railroad,  with  the  crude  means  available  at  the 
time,  was  about  $20  per  ton.   * 

Cement  could  be  burned  with  the  coal.  The  right  to  mine  the  coal 
for  the  use  of  the  Government  in  this  work  could  be  secured  readily 
and  at  a  nominal  cost.  The  cost  of  mining  and  transportation  to  San 
Carlos  would,  however,  be  high.  In  general  practice  120  x)ounds  of 
coal  dust  are  used  in  burning  1  barrel  of  Portland  cement. 

Taking  as  a  basis  coal  delivered  at  the  dam  site  at  110  per  ton, 
limestone  at  40  cents  per  ton,  and  clay  at  $1.25  per  ton,  the  cost  of 
manufacturing  Portland  cement  at  the  dam  site  would  approximate 
♦2.75  per  barrel.  The  cost  of  erecting  a  plant  with  an  output  of  300 
barrels  of  cement  every  twenty-four  hours  would  be  $75,000.  Sup- 
posing the  amount  of  cement  to  be  required  in  the  construction  of  the 
dam  to  be  50,000  barrels,  the  cost  per  barrel,  if  made  at  the  site,  would 
be  approximately  as  follows:  First  cost  of  plant,  $75,000;  cost  of 
manufacturing  50,000  barrels,  at  $2.75,  $137,500;  total  cost,  $212,500; 
cost  per  barrel,  $4.25. 

With  reference  to  the  degree  of  reliability  to  be  placed  upon  Port- 
land cement  made  in  new  localities,  it  may  l)e  said  that  the  manufac- 
ture of  this  material  has  been  put  upon  a  scientific  basis,  such  that 
the  manufacturing  chemist  can  predict  the  grade  of  cement  to  be 
made  from  the  given  mat^erials  and,  b}'^  means  of  analy^s  of  various 
rocks,  can  calculate  suitable  mixtures  to  produce  the  required  result. 
The  uniform  system  of  testing  cements  recommended  by  the  Ameri- 
can Society  of  Civil  Engineers  affords  a  reliable  means  of  determining 
the   intrinsic  merits  of  the  product.      The  old  method  of  buying 
cements  on  the  reputation  of  the  maker  has  been  succeeded  by  tests 
for  determining  the  actual  value.     Portland  cements  of  American 
make  are  being  extensively  manufactured  and  are  of  equal  or  even 
superior  quality  to  the  foreign-made  cements.     During  the  year  1899 
it  is  estimated  that  6,000,000  barrels  of  Portland  cement  have  been 
used,  of  which  four-fifths  were  of  home  manufacture.     In  spite  of 
this  fact,  on  account  of  the  failure  to  find  suitable  clays  at  the  various 
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localities  and  also  the  difficulty  of  obtaining  fuel,  it  is  impracticable 
to  manufacture  Portland  cement  at  the  dam  sites. 

It  is  important,  if  Portland  cement  is  used  at  the  localities  under 
consideration,  that  the  specifications  should  require  it  to  be  ground  so 
fine  that  not  over  1  per  cent  residue  shall  i*emain  on  a  100-mesh  screen. 

Reliable  sand  cement  can  be  made  from  the  quartzite  at  San  Carlos 
or  the  pearlite  at  the  Buttes  dam  site  by  grinding  with  Ck)lton  (Port- 
land) cement.  A  saving  will  result  at  the  San  Carlos  dam  site  of  $1.64 
per  cubic  yard  by  making  sand  cement  on  the  ground,  this  being 
exclusive  of  the  cost  of  the  plant  for  grinding. 

IRRIGABIiE   I.AND8. 

The  location  where  the  water  which  is  impounded  in  the  reservoir 
sites  on  the  Gila  River  would  be  used  is  primarily  on  the  Gila  River 
Indian  Reservation,  which  has  been  described  in  previous  pages  of 
this  report,  and  which  contains  357,12(7  acres  of  land,  the  greater 
portion  being  irrigable.  South  of  this  Indian  reservation,  intervening 
between  the  Southern  Pacific  Company's  railroad  and  the  point  where 
the  Gila  River  leaves  the  mountains,  there  are  many  thousand  acres 
of  high-grade  agricultural  land  suitable  for  irrigation.  The  climate 
is  adapted  to  the  raising  of  diversified  crops,  the  grade  of  the  country 
is  uniform  and  suitable  for  the  application  of  water,  and  the  soil  is 
exceedingly  fertile.  The  river,  which  carries  a  large  amount  of  sedi- 
ment containing  many  fertilising  materials,  will  keep  these  lands  in 
a  state  of  continuous  productiveness.  Without  water  this  land  is  a 
desert  and  has  no  value.  That  it  is  of  no  tangible  value  in  its  present 
condition  is  proved  by  the  fact  that  many  thousands  of  acres  which 
have  been  taken  up  at  previous  times  under  the  desert-land  act  and 
homestead  laws  have  been  permitted  to  revert  to  the  Government 
before  title  was  perfected  by  the  settler,  even  after  expenditures  had 
been  made  on  the  land. 

An  examination  was  made  of  the  records  .of  the  United  States  land 
office  at  Tucson  to  determine  what  portion  of  this  area  outside  of  the 
reservation  remains  public  domain.  The  area  in  the  valley  of  the 
Gila  between  Dudleyville  and  Riverside  was  also  inspected,  as  this 
valley  should  be  segregated  for  reservoir  purposes,  and  in  case  of  the 
construction  of  a  reservoir  at  San  Carlos  a  portion  of  its  water  could 
be  used  for  irrigation  in  this  valley.  Nineteen  townships  were  exam- 
ined, and  it  was  found  that  389,211  acres  therein  are  still  public 
domain  and  that  52,162  acres,  lying  mostly  under  the  Florence 
canal — which  canal  has  a  very  deficientwater  right — is  held  in  private 
ownership.  There  is,  therefore,  three  times  the  area  of  irrigable  land 
that  can  be  served  on  the  Indian  reservation  alone  and  three  times 
the  area  of  public  land  off  the  reservation  that  can  be  supplied. 
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Public  and  private  lands  in  the  vicinity  of  Florence,  Arizona, 


Location. 


T.  48.,R.  lOB 

T.48.,B.  HE 

T.  4S,,B.14B 

T.5S.,R.5E 

X.  5 8. •  B.  6S  ....  —  .........V 

T.58.,B.7B 

Tl.  5 S*t  R>  8B  .................. 

T.5S.,B.9B 

T.5S.,R.10B 

T.58.,B.14B 

T.5S.,B.15B 

T.6S.,B.6B 

T.  6  3.«  B.  6B  ......  — ........ 

T.68.,B.7B--  - 

X,  o  S«t  B>  8E  .... ........ 

T.  68.,  B.  9E -. .... 

T.  7  S..  B.  0E  .................. 

T.78.,B.7B 

T.78.,B.8E - 

Totol 


Acres. 


Government. 


18.400 

2S,T80 

21,600 

23,040 

23,040 

28.880 

15.760 

13,080 

23,040 

22,960 

21,000 

17,840« 

12,800 

19,440 

21.732.06 

24,360.26 

19.800 

22,680 

23.040 


880,211.32 


Private. 


4,640 

380 

1,440 


160 
7,280 
9,960 


80 
2,040 
5,200 
10,240 
8,600 
3,116 

486.26 
8,240 
860 


52,162.26 


DISTRIBUTION  CANAIiS. 

'  It  is  not  the  purpose  of  this  report  to  definitely  locate  any  canal  line 
across  these  lands.  The  construction  would  be  entirely  in  earth  and 
exceedingly  simple.  The  building  of  these  canals  could  be  readily 
undertaken  by  the  settlers  and  by  the  Indians.  The  canal  line  to  the 
Indian  reservation  would  be  uniformly  in  smooth  country  and  with 
an  earth  section.  A  topographic  map  on  a  scale  of  2  inches  to  the 
mile,  with  contour  intervals  of  10  feet,  has  been  made  of  a  portion  of 
these  valley  lands.  This  map  demonstrates  the  feasibility  of  building 
these  canals.  The  Florence  Canal,  which  diverts  its  water  at  practi- 
cally the  same  point  where  diversions  of  reservoir  water  would  occur, 
runs  through  the  irrigable  area  under  consideration  and  still  further 
demonstrates  the  feasibility  and  the  practicability  of  the  building  of 
the  canals  wherever  circumstances  may  require. 


ORGANIZATION  OF  IRRIGATION  DISTRICT. 

It  is  recommended,  in  case  of  the  construction  of  any  of  these 
reservoirs,  that  there  be  appointed  a  Federal  commission  to  consider 
the  organization  under  Federal  laws  of  an  irrigation  district  which 
will  include  the  lands  that  would  be  irrigated  under  this  system.  This 
district  should  be  organized  with  proper  officials  to  handle  locally  the 
division  and  the  distribution  of  the  water  and  for  the  construction  of 
the  delivery  canals.  The  preparation  of  a  code  of  laws  for  the  opera- 
tion of  this  district  would  be  of  great  importance  and  should  be  under- 
taken jointly  by  members  of  the  engineering  and  legal  professions. 
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SUMMART. 

1.  The  available  records  of  the  discharge  of  Queen  Creek  at  Whit- 
low's ranch  indicates  that  this  stream  would  not  afford  a  sufficient 
and  reliable  water  supply  for  the  irrigation  of  an  area  as  large  as 
is  required  for  the  relief  of  the  Indians  on  the  Gila  River  Indian 
Reservation. 

2.  Because  of  the  large  amount  of  annual  discharge  of  water  by  the 
Gila  River  and  the  high  percentage  of  silt  which  it  contains,  it  is  not 
advisable  to  construct  a  reservoir  of  small  capacity  on  this  stream  on 
account  of  the  rapidity  with  which  it  would  fill  with  silt. 

3.  In  case  of  the-  construction  of  any  of  the  dams  on  the  Gila  River 
the  cost  of  putting  the  foundations  down  to  bed  rock  is  one  of  the 
principal  elements  of  expense.  This  cost  would  be  almost  as  large  if 
a  small  dam  was  built  as  in  the  case  of  a  large  one. 

4.  The  greatest  economy  to  the  Government,  whether  the  relief  of 
the  Indian  alone  is  considered,  or  the  general  development  of  the  arid 
lands  in  the  neighborhood  of  the  reservation  is  taken  as  a  basis,  lies 
in  the  construction  of  a  large  reservoir.  It  is  shown  that  the  Grovern- 
ment  can  build  such  a  large  reservoir,  give  wat-er  to  the  Indians  with- 
out charging  them  for  it,  and  sell  the  remainder  of  the  water 
impounded  at  such  figure  as  would  rapidly  return  all  the  original 
investment  made  by  the  Federal  authorities. 

5.  In  the  event  of  the  construction  of  a  large  dam  there  will  be 
built  up  in  the  valley  of  the  Gila,  River,  where  a  desert  now  exists, 
a  community  of  fully  40,000  souls,  and  the  creation  of  many  million 
dollars  of  taxable  wealth  without  permanent  outlay  on  the  part  of  the 
Government. 

6.  The  cost  i)er  acre-foot  of  storage  capacity  of  the  dams  as  planned 
in  this  report  at  the  three  principal  reservoir  sites  upon  which  esti- 
mates have  been  made  is  as  follows: 

Cost  per  acre-foot  of  water  stored. 


Location. 


The  Bnttes 
Riverside . 
San  Carlos 


Amount. 


Acre-feet. 
174, 040 
221,138 
241,396 


Cost  per 
acre-foot^ 


$15. 19 
9.01 
4.30 


From  this  it  will  be  seen  that  the  cost  of  storing  wat>er  at  the  Buttes 
per  acre-foot  is  3.5  times  the  cost  at  San  Carlos,  and  that  the  cost  at 
Riverside  is  2.1  times  the  cost  at  San  Carlos. 

The  capacity  of  the  reservoir,  the  character  of  the  foundations  at 
the  dam  site,  the  conservative  and  well-known  type  of  dam  planned, 
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and  the  economy  of  construction  all  point  to  the  selection  of  the  San 
Carlos  reservoir  site  as  the  place  for  the  construction  of  the  dam. 

Perhaps  the  most  notable  result  of  this  investigation  of  the  water 
supply  of  the  Gila  River  has  been  the  discovery  of  three  large  reser- 
voir sites  the  existence  of  which  heretofore  has  been  unknown.  They 
are  the  Riverside,  the  San  Carlos,  and  the  Guthrie  sites.  The  rela- 
tive capacities  of  these  are  shown  graphically  on  PI.  XXXII,  B. 

The  argument  in  favor  of  the  construction  of  a  reservoir  for  the 
storage  of  the  waters  of  the  Gila  River  by  the  United  States  Govern- 
ment is  stronger,  x>erhaps,  than  for  any  other  project  in  the  country. 
1.  -The  Government  has  expended  large  sums  of  money  for  the 
introduction  of  irrigation  on  the  Indian  reservations  where  it  is 
desired  to  educate  the  Indian  into  agricultural  habits  as  a  means  of 
his  civilization.     This  is  a  well-established  and  wise  public  policy, 
and  has  already  been  productive  of  much  good,  but  is  always  in  the 
nature  of  an  experiment,  and  more  or  less  difficulty  and  uncertainty 
is  attendant  upon  the  attempt  to  induce  the  Indians  to  accept  this 
mode  of  livelihood.    In  the  present  case  we  have  a  tribe  of  Indians 
who  have  for  centuries  been  engaged  in  agriculture  by  irrigation,  and 
who  were  until  recently  the  only  successful  irrigators  in  Arizona. 
These  Indians  have  been  deprived  of  their  water  supply  through  the 
agency  of  the  white  man,  directly  encouraged  by  the  United  States 
Government.     It  is  an  imperative  obligation  of  honor  that  their  sup- 
ply should  be  restored  to  them,  and  the  only  practical  means  of  this 
restoration  is  by  storage  on  the  Gila  River.     In  addition  to  this,  there 
is  held  out  the  certainty  that  unless  this  is  done  these  Indians  wiU 
retrograde  from  a  condition  of  industry  and  prosperity  to  one  of  men- 
dicancy and  vice.     Instead  of  an  uncertain  possibility  of  elevating  a 
savage  tribe,  we  are  confronted  with  the  necessity  of  preventing  the 
destruction  of  a  civilization  already  attained. 

2.  It  is  practically  certain  that  the  storage  of  the  Gila  waters  will 
never  be  accomplished  by  private  or  corporate  enterprise  for  three 
reasons:  (1)  The  direct  financial  returns  are  not  sufficient  to  induce 
so  large  an  investment  of  private  capital;  (2)  the  unquestionable 
legal  right  of  the  Indians  to  a  large  quantity  of  the  water  of  the  Gila  River 
would  be  a  jperpetual  cloud  upon  the  title  to  the  water  in  the  hands 
of  a  private  corporation;  and  (3)  the  land  to  be  benefited  being 
mainly  in  public  ownership,  there  is  no  means  under  present  laws  by 
which  a  private  company  could  realize  the  full  benefit  of  their 
improvements. '  • 

3.  Arizona  being  a  Territory,  the  water  right  is  entirely  under  na- 
tional jurisdiction;  the  only  material  private  lien  on  the  right  is  the 
right  of  the  Indians,  who  are  wards  of  the  Government,  and  this  is 
essentially  a  Government  right.  The  objection  applicable  in  some  of 
the  States,  that  the  jurisdiction  of  water  rights  is  entirely  in  the  hands 
of  the  State  and  would  produce  a  conflict  of  authority,  does  not  apply 
here. 
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4.  The  Government,  being  the  owner  of  more  land  undelr  the  canal 
than  can  ever  be  watered  b}'  it,  can  entirely  control  the  appropriation 
of  the  values  which  will  be  created  by  the  construction  of  a  reservoir 
and  can  entirely  recoup  itself  for  all  expenses  incurred,  and  thus  dis- 
charge its  obligations  of  honor  with  no  expenditure  except  the  utili- 
zation of  its  own  natural  resources.  It  is  not  a  proposition  for  the 
Government  to  expend  money  for  the  benefit  of  private  individuals 
nor  of  any  particular  section,  and  hence  is  not  comparable  with  river 
and  harbor  improvements,  although  the  general  benefits  are  so  com- 
parable, as  homes  will  be  furnished  at  low  rates  to  thousands  of  Indus* 
trious  people,  who  will  come  from  all  parts  of  the  country,  and  a  for- 
bidding desert  will  be  transformed  into  a  rich  oasis  and  a  large  com- 
munity will  be  thus  practicaUy  added  to  the  domain  of  the  United 
States. 

6.  Gila  River  rises  in  New  Mexico.  As  the  main  body  of  the  basin 
is  in  Arizona,  inter-State  complications  might  arise  in  the  future  in 
case  the  reservoir  were  constructed  by  private  or  local  enterprise. 
With  these  questions  the  National  Government  only  is  Competent  to 
cope.  Thus,  from  all  x>ointfi  of  view  there  is  every  reason  why  this 
reservoir  should  be  constructed  by  the  National  Government  and  no 
reason  why  it  should  not,  while  it  is  not  only  impracticable  but  emi- 
nently inadvisable  for  private  enterprise  to  carry  out  the  project. 

6.  Owing  to  the  erratic  nature  of  the  Gila  River  less  than  3  per  cent 
of  its  water  near  Florence  is  now  being  used  for  irrigation,  and  the 
areas  now  irrigated  suffer  intensely  from  summer  droughts. 

Financial  summary  of  results. 

Total  water  snpply  to  be  delivered  to  the  point  of  diversion  from  San 

Carlos  reservoir  for  irrigation  each  year acre-feet. .        24i ,  396 

Ultimate  requirement  for  Indians do —  40.000 

Remainder  available  for  irrigation  of  public  domain  or  private 
lands acre-feet..        201,396 

Assume  a  duty  of  water  of  2  acre-feet  or  24  inches  in  depth  used  each 
year  on  each  irrigated  acre;  this  would  permit  the  irrigation  of  lands 
outside  the  reservation  to  the  extent  of acres..        100,698 

There  are  389,211  acres  of  arid  public  land  in  ther  district  to  be  supplied 
from  this  system.  Assume  that  the  water  is  given  to  the  Indians 
without  cost  to  the  Government  and  that  these  100,698  acres  must 
pay  the  total  cost  of  the  works,  then  the  necessary  charge  per  acre 

for  the  remaining  water  rights  to  be  sold  would  be $10. 24 

It  is  believed  that  the  public  lands  with  this  water  right  could,  at 
this  rate,  be  sold  within  a  year. 

If  3,000  Indians  have  to  be  fed  by  the  Government  at  a  cost  per  ration 
per  day  of  10  cents,  the  annual  expenses  would  be $109,500 

The  capitalization  of  $109,500  at  4  per  cent  would  represent  the  practical 
permanent  expense  of  feeding  these  tribes.  This  is  equivalent  to  a 
permanent  Government  debt,  which  would  be  liquidated  by  this  con- 
struction, of ^.--  $2,737,500 
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The  value  of  the  100,608  acres  of  irrigated  public  lands  that  would  be 
taxable  would  be  $50  per  acre,  oratotalof $5,034,900 

The  saving,  without  expense  to  the  Gtovernment,  by  irrigation  of  20,000 
acres  of  lands  belonging  to  the  Indians  has  been  shown  tobe 2,787, 500 

Total  increase  in  value,  without  public  expense 7, 772. 400 

There  will  also  be  a  large  increase  in  value  of  taxable  town  property,  not  esti- 
niated  upon. 

REC0MMKNDAT10N8. 

1.  Immediately  withdraw  from  entry  all  the  lands  that  may  be  irri- 
gated from  this  source  of  supply  pending  further  action  by  Congress 
on  this  matter. 

2.  Segregate  all  the  reservoir  sites  on  the  Gila  River  that  may  be 
used  for  the  irrigation  of  these  lands.  The  Butt/CS  and  Queen  Creek 
reservoir  sites  have  already  been  segregated  for  this  pur])ose.  The 
Riverside,  San  Carlos,  and  Guthrie  reservoirs  should  also  be  set  aside. 

3.  Maintain  observations  on  the  Gila  River 

4.  Construct  the  San  Carlos  dam. 

5.  Give  the  Indians  the  water  which  they  require  without  charge, 
the  Government  to  recoup  itself  for  all  expenditures  from  the  sale 
of  the  remaining  water  rights. 

6.  Form  a  Federal  irrigation  district  for  the  division  of  the  water, 
which  is  to  be  delivered  to  the  head  of  the  irrigation  canals,  for  the 
construction  of  these  canals,  and  for  the  general  administration  of  the 
district. 

IKR  33 ^9 


INDEX. 


Page. 

Alma,  rainfall  at  18 

Analyses  of  rocks  from  vicinity  of  dam 

sites 88 

Ander8on,D.,rock  test«by 51 

Archambault,  T.  J.  H. ,  mentioned 45 

Babb,C.  C,  workof 13,15.26,78 

Bed  rock    at  Queen  Creek,  depth   and 

quality  of 81 

Bed  rock  at  San  Carlos,  quality  of 70-71 

Bed  rock  at  the  Buttes,  quality  of 49-51 

Bennett,  S.  G.,  rock  tests  made  by 50 

Benson,  rainfall  at 19 

rainfall  at,  diagram  show in^    20 

Bisbee,  rainfall  at 19 

rain  fall  at,  diagram  showing 20 

Brash,  W.  J.,  work  of 25 

Buttes,  analysis  of  rock  from  near  the. . .       88 

bed  rock  at  the,  quality  of 49-51 

borings  at  dam  site  at  the 48 

borings  at  dam  site  at  the,  map  show- 
ing location  of 44 

dam  at  the,  description  of  proposed. .  54-58 

dam  site  at  the,  map  of 40 

dam  site  at  the,  plate  showing  views 

of 24 

diversion  canal  ^low  the  dam  at  the.  61-62 
plates  showing  plans  for  dam  at  the.  .50, 52, 

54,56 

quarry  tests  at  .the 51-54 

rainfall  at  the 19 

reservoir  at  the,  capacity  and  cost  of.  50-60 
reservoir  at  the,  hypothetical  table 
showing  amount  of  water  in,  for 

each  month JS 

reservoir  site  at  the,  map  of 58 

reservoir  site  at  the,  plate  showing 

view  of .' 42 

water  available  at  the,  table  showing.       «*)() 

work  at  the 14 

Canal,  diversion,  below  Buttes  dam,  de- 
scription of 61-62 

Casa  Grande,  rainfallat 19 

rainfall  at,  diagram  showing 20 

Cedar  Springs,  rainfall  at 18 

Cemen t,  investigation  of 82-90 

manufacture  of,  at  dam  sites,  discus- 
sion of 87-90 

Cements,  cost  of 85-87 

tests  of 83-85 

Coal  near  San  Carlos,  prospects  of 89 

Col  ton,  A.  T.,  observations  by 25,36 

Davis,  A.  P.,  quoted  on  necessity  of  spill- 
way at  the  Buttes 34-35 

quoted  on  silt  carried  by  Gila  River. .  35-38 

reference  to 81 

workof 7,13,16 


Page. 
Diamond  core  drill,  plates  showing 

method  of  driving  pipe  for 9, 42 

use  and  cost  of 48-48 

Discharge  of  Gila  River,  diagram  show- 
ing   .- 'M 

tables  showing 23,26,27-29,30 

Dragoon,  rainfallat 19 

Dudleyville,  rainfall  at 19 

rainfall  at,  diagram  showing 20 

Duryee,  E. ,  article  on  cement  by 82-90 

work  of 16 

Evaporation  in  Arizona , 32-34 

Florence,  public  and  private  lands  in  the 

vicinity  of 91 

rainfallat 19 

rainfall  at,  diagram  showing 20 

Fort  Apache,  rainfall  at 18 

rainfall  at,  diagram  showing 20 

Fort  Bayard,  rainfall  at 18 

rainfall  at,  diagram  showi ng 20 

Fort  Grant,  rainfall  at 18 

rainfall  at,  diagram  showing 20 

Fort  Huachnca,  rainfall  at 19 

rainfall  at,  diagram  showing 20 

Fort  McDowell,  rainfall  at : 19 

rainfall  at,  diagram  showing 20 

Fort  Thomas,  rainfall  at 18 

rainfall  at,  diagram  showing 20 

Foundations,  method  of  excavation  for. .       58 

Gila,  rainfall  at 18 

Gila  River,  borings  at  Buttes  dam  site  on .       48 

discharge  of,  at  the  Buttes,  diagram 

showing 26 

drainage  areaof 21 

explorations  along 15-16 

measnrei#BQt8  of  flow  of :22-32 

rainfall  in  liasin  of 18-21 

rainfall  and  run-off  in  basin  of,  dia- 
gram showing 18 

rainfall  at  stations  in  basin  of,   dia- 
gram showing  20 

rainfall  stations   in    basin   of,  plate 

showing  location  of 18 

silt  carried  by 35-43 

views  in  canyon  of,  plate  showing 16 

Gila  River  Indian  Reservation,  location 

and  climate  of 9 

Guthrie,  dam  site  at,  map  of 78 

dam  site  at,  plate  showing  view  of . ..       90 

reser voi  r  at,  description  of 77-78 

reservoir  site  at,  map  of 78 

Hadley,  E.,  description  of  conditions  of 

Indians  by 12-13 

statement  by,  as  to  amount  of  water 

required  for  irrigation 17 

Huachuca  Mountains,  rainfall  in 19 

97 


98 


INDEX. 


Page. 
Indian  tribe.')  of  the  Gila  Biver  Reserva- 
tion      9-10 

Irrigation  district,  recommendation  for 

organization  of 91 

Lemon,  C.  W.,  observations  by ."W 

Lochiel,  rainfall  at 19 

Matthes,  G.  H.,  work  of 68 

Oracle,  rainfall  at 19 

Oro,  rainfallat 18 

Pantano,  rainfall  at 19 

rainfall  at,  diagram  showing ^ 

Pheniz,  rainfall  at 19 

rainfall  at,  diagram  showing 30 

Pima  Agency,  population  of 17 

Precipitation.    See  Rainfall. 

Qnarry  tests  at  the  Buttes 51-54 

Qnarry  test  below  Buttes  dam  site,  plate 

showing  result  of 48 

Queen  Creek,  analyses  of  rocks  from  near .  88 
bed  rock  at,  depth  to  and  quality  of.  81 
borings  at  dam  site  at,  plate  showing 

locationof 82 

dam  site  on,  plate  showing  view  of . . .       48 

discharge  of 80 

reservoir  at,  description  of 79-81 

reservoir  site  at,  map  of 80 

Quinton,  J.  H.,  work  of 16 

Rainfall  in  Qlla  Basin 18-21 

Rainfall  at  stations  in  Gila  River  Basin, 

diagram  showing 20 

Rainfall,  table  showing  increase  of,  with 

each  100  feet  of  elevation 20 

Rainfall  and  run- off  in  Gila  Basin,  dia- 
gram showing 1« 

Rainfall  stations  in  basin  of  Gila  River, 

plate  showing  location  of 18 

Rating  curve  for  Gila  River  at  the  Buttes, 

diagrams  showing 3e,44 

Rating  table  for  Gila  River  at  the  Buttes .       26 
Reservoirs,  diagram  showing  capacity  of 

proposed 82 

Richardson,  T.  F.,  quoted  on  use  of  dia- 
mond core  drill 43-45 

Richins,  W.,  work  of 25,;» 

Riverside,  analyses  of  rooks  from  near  . .  88 
l>orings  at  dam  site  at,  plate  showing 

locations  of * 58 

capacity  and  cost  of  reservoir  at 66-ett 

dam  at,  description  of  proposed 6&-ft4 

dam  site  at,  map  of flO 

dam  at,  method  of  construction  of  —  64-65 
dam  site  at,  plate  showing  vie w  of  —       62 


Page. 
Riverside,  reservoir  site  at,  description 

'  of ...  6^^ 

reservoir  site  at,  map  of 64 

reservoir  site  at,  plate  showing  view 

of ffi 

work  at 15 

Robinette,  J.  W.,  tests  made  by 5li 

St.  Helena  ranch,  rainfall  at 19 

San  Carlos,  analyses  of  rocks  from  near  .       8!< 

dam  at,  descriptions  of 89-71. 72-74 

dam  at,  material  for 71 

dam  at,  plates  showing  plans  for . .  70. 72M 

dam  site  at,  map  of 6h 

dam  site  at,  plates  showing  views  of.  66,74 

rainfallat IS 

rainfall  at,  d iagram  showing 8(i 

reservoir  at,  capacity  and  cost  of 74-77 

reservoir  site  at 66-6W 

reservoir  site  at,  map  of 76 

water  available  at,  table  showing ^D' 

workat l-> 

San  Carlos  Indian  agency  and  military 

post,  map  of 7< 

San  Pedro  River ,  drainage  area  of 21 

measurements  of  flow  of 23 

rainfall  in  basin  of 19 

San  Simon,  rainfallat 18 

rainfall  at,  diagram  showing 3* 

Schuyler,  J.  D.,  reconomendations  of 7-'* 

work  of 1»'> 

Seepage  water,  estimate  of  amount  of 24-25 

Silt  carried  by  Gila  River :iMi 

Silver  King,  rainfall  at l» 

Spillway,  provisions  for,  at  Buttos  dam 

site 34-15 

Tests  of  cements. i5^-^5 

Tests,  quarry,  at  the  Buttes 51-^ 

Tiemey,  P.,  mentioned 45 

Tombstone,  rainfall  at l^ 

Tribes  of  the  Gila  River  Indian  Reserva- 
tions     9  ly 

Tucson,  rainfallat 1^ 

rainfall  at,  diagram  showing •)' 

Water,  amount  required  for  irrigation  17 
Water  supply  of  Gila  River  Indian  Res- 
ervation, decrease  of l'»  li 

Water  supply  in  Gila  Basin Ij^jj 

Wheeler,  B.,  work  of 61 

Willcox,  rainfallat l^ 

rainfall  at,  diagram  showing 3> 

York  Canyon,  plat«  showing  view  of W 

Young,  J.  R.,  reoommendatiou{4  of \i 


o 


I 


DEPARTMENT    OF    THE    IlfTEBIOE 


WATER-SUPPLY 


lERIGATION   PAPEES 


DNITED  STATES  GEOLOGICAL  SURVEY 


ISTo.  34 


WASHIKGTOS 

OOTBBNHENT    PBINTING    OFPIOB 

1900 


UITITED   STATES   GEOLOGICAL  SURVEY 

CHAKLBS  D.  WALCOTX,  DlRECl-OR 


GEOLOGY  AND  WATER  RESOURCES 


or  A  puKTioM  or 


SOUTHEASTERN   SOUTH    DAKOTA 


JAMES    EDW^ARD    TODD 


WASHINGTON 

GOVERNMENT   PRINTINO   OFFICE 

1900 


CONTENTS. 


Page. 

Letter  of  transmittal 9 

Location  of  region ^ 11 

General  geology 11 

Algonkian , .  12 

Sioux  quartzite 12 

The  Paleozoic  gap 12 

Cretaceous 13 

Dakota  sandstone 13 

Colorado  formation 15 

Pierre  shale 17 

Tertiary  deposits 17 

Pleistocene  deposits 17 

Preglacial  or  circumglaeial  deposits 17 

Till  or  bowlder  clay 18 

Moraines 21 

Ancient  drainage  systems 22 

Water  supply 22 

Surface  waters 22 

Lakes 22 

Springs 23 

Streams 24 

Underground  waters 24 

Water  from  the  older  strata - 26 

Main  artesian  supply - - 26 

Pressure 28 

Variation  of  pressure 28 

Hints  on  the  construction  of  wells 30 

m 

Permanenoeof  artesian  supply 30 

5 


.  ILLUSTRATIONS. 


Page. 
Plate  I.  Index  map  of  eastern  South  Dakota,  showing  area  under  considera- 
tion           1 1 

II.  Preliminary  map  of  a  part  of  southeastern  South  Dakota,  comprising 
portions  of  Hutchinson,  Yankton,  and  Bonhomme  counties,  show- 
ing depths  to  artesian  waters Pocket. 

III.  Geological  map  of  a  portion  of  eastern  South  Dakota 12 

IV.  Map  of  a  portion  of  eastern  South  Dakota,  showing  depth  to  bed  rock .        14 
V.  Map  of  a  portion  of  eastern  South  Dakota,  showing  depths  to  waters 

at  base  of  the  till 16 

VI.  Logs  of  wells  in  Hutchinson  County,  South  Dakota 18 

VII.  Logs  of  wells  in  Hutchinson  County  and  in  northeastern  portion  of 

Bonhomme  County,  South  Dakota 20 

VIII.  Logs  of  wells  in  Yankton  and  Clay  counties.  South  Dakota 22 

IX.  Ay  Dakota  sandstone  on  Firesteol  Creek,  in  Township  104  North, 
Range  61  West;  B^  Artesian  spring.  Township  104  North,  Range 

60  West 24 

j^.  Ay  Sherrill  Spring,  on  Lower  Enemy  Creek;  B,  Kilbum  Run,  fed  by 

Kilbum  well,  north  of  Mount  Vernon,  South  Dakota 26 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Wmhington^  Fdmmry  15^  1900. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  giving  the 
results  of  investigations  of  underground  waters  of  a  portion  of  south- 
eastern South  Dakota,  prepared  by  Prof.  James  E.  Todd,  and  to 
recommend  that  it  be  printed  in  the  series  of  Water-Supply  and 
Irrigation  Papers.  % 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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GEOLOGY  AND  WATER  RESOURCES  OF  A  PORTION 
OF  SOUTHEASTERN  SOUTH  DAKOTA. 


By  James  E.  Todd. 


liOCATION  OF  REGION, 

The  area  to  which  this  paper  relates  is  represented  on  the  Olivet 
and  Parker  sheets  of  the  Topographic  Atlas  of  the  United  States,  pub- 
lished by  the  United  States  Geological  Survey.^  It  occupies  large 
portions  of  Turner  and  Hutchinson  counties,  and  small  portions 
of  Bonhomme,  Yankton,  and  Clay  counties,  South  Dakota.  It  is 
especially  instructive  from  the  fact  that  it  includes  typical  areas  of 
the  valleys  of  James  and  Vermilion  rivers,  and  Turkey  Ridge,  which 
forms  a  portion  of  the  divide  between  the  two  streams.  More- 
over, it  exhibits  chai-acteristic  features  of  two  kinds  of  artesian  sup- 
ply, viz,  that  from  the  Dakota  sandstone,  and  that  from  the  sands 
underlying  the  drift.  It  also  exhibits  plainly  the  typical  conditions 
of  most  forms  of  shallow  wells,  as  well  as  the  tubular  wells  common 
to  the  eastern  portion  of  South  Dakota.  The  region  for  the  greater 
part  is  prairie  and  rarely  so  rough  as  to  be  unfavoi'able  for  ordinary 
agriculture.  It  includes  wider  ranges  of  altitude  than  most  areas  of 
similar  extent  in  the  Mississippi  Valley;  in  the  immediate  valleys  of 
Vermilion  River,  Clay  Creek,  and  James  River  the  surface  is  not  over 
1,180  feet  above  the  sea,  while  in  the  northern  culmination  of  Turkey 
Ridge  it  reaches  1,750  feet,  and  in  the  southwestern  portion  of  the 
region  it  attains  an  altitude  of  1,650  feet,  which  is  considerably  below 
the  higher  points  of  the  Choteau  Creek  Hills  a  little  farther  west: 

GENEBAIi  GBOIiOGY. 

Nearly  the  whole  surface  of  the  area  is  covered  with  glacial  drift. 
The  exceptions  are  the  alluvial  flats  in  the  larger  valleys,  and  scattered 
exposures  of  older  rocks  occurring  mainly  along  the  sides  of  the  can- 
yons in  the  southern  part  of  Turkey  Ridge  and  in  the  bottoms  of  the 

1  These  aheete  may  be  procured  at  5  cents  each  by  addressing  The  Director,  United  States  Geological 
Survey,  Washington,  D.  C. 
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river  channels.  The  strata  lie  nearly  horizontal  everywhere.  No 
folds,  faults,  or  igneous  outflows  have  been  discovered.  Frequent 
borings  have  been  made  to  a  depth  of  200  or  300  feet  in  obtaining 
wells,  and  a  few  have  been  sunk  to  600  or  700  feet.  These  have  fur- 
nished important  facts  concerning  the  position  of  strata  below  the 
surface. 

ALGONKIAN. 
SIOUX  QUABTZITE. 

The  oldest  rock  exposed  in  natural  outcrops  or  by  borings  is  the 
Sioux  quartzite,  a  name  given  by  Dr.  C.  A.  White,  when*  State  geolo- 
gist of  Iowa.  Exposures  are  found  at-  a  number  of  points  along  the 
East  Fork  of  Vermilion  River  from  the  north  line  of  Turner  County 
to  the  vicinity  of  Parker,  their  location  being  indicated  on  PL  III. 
Borings  some  distance  from  these  exposures  have  shown  that  this  for- 
mation is  *'bed  rock,"  and  the  depth  to  its  surface  is  indicated  upon 
the  map  (PL  IV).  The  rock  is  frequently  called  Sioux  Falls  "granite," 
from  the  extensive  exposures  and  numerous  quarries  in  the  vicinity  of 
Sioux  Falls.  It  is  for  the  most  part  a  red  or  purplish  quartzite  of 
intensely  compact  and  durable  character,  and  is  susceptible  of  a  fine 
polish.  It  lies  in  strata  which  dip  generally  to  the  north  at  an  angle 
of  3°  to  5^.  In  sec.  8,  T.  100  N.,  R.  53  W.,  it  is  in  layers  which  are 
generally  not  more  than  6  inches  in  thickness.  East  of  Parker  it  is 
more  massive,  and  the  layers  are  2  or  3  feet  in  thickness.  No  trace  of 
slate  or  pipestone  has  been  found  in  any  of  these  exposures.  No  fos- 
sils have  been  noted  in  the  formation  anywhere,  except  some  small 
lingulse  found  by  Prof.  N.  H.  Winchell  near  Pipestone,  Minnesota.* 
This  formation  is  generally  referred  to  the  Algonkian.  Its  thickness 
has  not  been  determined.  At  Sioux  Falls  a  boring  600  feet  deep 
revealed  no  important  difference  in  the  character  of  the  rock. 

THE  PALEOZOIC  GAP. 

In  this  region  there  are  no  traces  of  Paleozoic  formations  nor  of  the 
Triassic  and  Jurassic  of  Mesozoic  time.  The  surface  of  the  Sioui 
quartzite  shows  marks  of  long  erosion  at  an  elevation  of  several  hun- 
dred feet  above  sea  level.  The  nearest  occurrence  of  Paleozoic  rock 
that  has  been  discovered  is  in  the  borings  at  Ponca,  Nebraska,  and 
Sioux  City,  Iowa.  While  the  mountain  masses  of  the  Appalachian 
region  and  the  extensive  coal  fields  of  the  eastern  part  of  the  Missis- 
sippi Valley  were  forming  this  area  was  probably  a  barren  mountain- 
ous region.  It  is  possible  that  soils  and  vegetations  which  may  have 
extended  over  it  were  removed  by  the  advance  of  the  sea  during 
Cretaceous  tune.     At  any  rate,  no  traces  of  soil  are  now  found  upon 

1  sixteenth  Ann.  Bept  Qeol.  Nat.  Hist.  Survey  Minnesota. 
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the  surface  of  the  quartzite.  Since  several  hundred  feet  of  strata 
of  marine  ori^n,  representing  all  the  ages  of  Paleozoic  time,  are 
found  in  the  Black  Hills,  the  ishore  of  the  Paleozoic  sea  must  have 
extended  across  South  Dakota  somewhere  west  of  the  present  course 
of  the  Missouri  River.  Moreover,  as  the  Triassic  formations  of  the 
Black  Hills  testify  to  an  inclosed  sea,  barren  of  life,  we  must  believe 
that  during  that  epoch  this  inland  sea  was  detached  from  the  ocean. 

CRETACEOUS. 

Besting  upon  the  Sioux  quartzite,  as  revealed  by  borings,  there  are 
sands,  chalk,  and  clays  belonging  to  the  Cretaceous.  We  have  no 
trace  of  the  earlier  beds  which  represent  this  age  elsewhere,  but  sev- 
eral hundred  feet  of  the  later  Cretaceous  deposits  underlie  much  of 
the  area. 

DAKOTA  SANDSTONE. 

Besting  upon  the  quartzite,  as  shown  by  many  borings,  there  is  a 
series  of  sandstone  and  shale  which  Dr.  F.  V.  Hayden,  the  first  United 
States  geologist  who  examined  this  region,  named  the  Dakota  forma- 
tion, from  extensive  outcrops  near  the  town  of  Dakota,  in  Nebraska. 
This  formation  is  only  exposed  in  this  area  along  James  Biver  and 
Twelvemile  Creek  above  Milltown,  and  about  the  junction  of  Wolf 
Creek  and  James  Biver.  Its  general  distribution  underground  is,  how- 
ever, well  shown  by  the  borings  of  the  deeper  artesian  wells.  From 
these  data  the  formation  is  known  to  underlie  the  area,  except  in 
the  region  about  Parker  and  northeastward.  As  the  surface  of  the 
quartzite  is  uneven  and  the  upper  portion  of  the  Dakota  sandstone  is 
more  or  less  eroded,  the  margin  is  quite  ragged  and  uneven.  In  the 
southern  part  of  the  area,  the  Dakota  deposits  probably  have  a  thick- 
ness of  300  or  400  feet,  but  as  deep  borings  in  that  region  are  few,  and 
none  are  known  to  have  penetrated  to  bed  rock,  this  is  only  an  esti- 
mate. From  borings  in  this  area  and  from  exposures  elsewhere,  it  is 
known  that  the  formation  is  composed  of  sheets  of  sand  or  sandstone 
more  or  less  completely  separated  by  thick  beds  of  clay  and  shale. 
The  sandstone  strata  are  usually  of  fine-grained,  well- washed  materials, 
and  vary  in  thickness  from  10  to  100  feet.  The  clay  deposits  are  in 
general  thick,  and  very  often  form  a  hard  shale;  locally  they  include 
compact  limestone,  plastic  clay,  and  iron  pyrites.  The  last  is  very 
hard  and  forms  a  serious  obstacle  in  drilling.  The  number  of  sand 
strata  which  are  water  bearing  increases  toward  the  south,  where  the 
formation  thickens. 

In  eastern  South  Dakota  the  upper  part  of  the  sandstone  is  a  stratum 
generally  presenting  harder  layers  often  spoken  of  as  "cap  rock." 
They  are  sometimes  so  hard  as  to  give  the  impression  that  the  red 
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quartzite  has  been  struck,  but  in  all  cases,  so  far  as  known,  the  cement 
is  calcareous  or  ferruginous  rather  than  siliceous,  &s  in  the  quartzite. 
Its  calcareous  character  is  revealed  by  use  of  an  acid,  which  causes 
effervescence;  the  ferruginous  cement  is  shown  by  its  dark  color. 

The  Dakota  sandstone  underlies  all  the  area  except  a  small  district 
near  Parker.  It  is  exposed  extensively  along  the  James  River  and 
Twelvemile  Creek  above  Milltown,  and  also  near  the  mouth  of  Wolf 
Creek.  At  the  latter  place  it  seems  to  be  in  a  low  arch  or  anticline 
lifted  to  a  height  of  25  or  30  feet  above  the  level  of  the  James  River. 
The  principal  exposures  are  upon  the  west  side  of  the  river,  in  sec.  6, 
T.  98  N.,  R.  67  W.  The  material  here  is  a  soft,  irregularly  stratified 
sandstone  scarcely  hard  enough  for  building  purposes.  Exposures  on 
the  James  River  above  Milltown  begin  about  a  mile  above  that  point 
in  the  form  of  low  barren  slopes  on  both  sides  of  the  river,  which 
gradually  rise  until  south  of  Elmspring  the  upper  portion  of  the  f  or- 
nmtion  is  about  60  feet  above  the  level  of  the  James  River.  Here  it 
exhibits  a  few  castellated  cliffs.  About  li  miles  south  of  Elmspring, 
upon  the  east  side  of  the  valley,  the  following  section  is  exposd: 

Section  li  miles  south  of  Elmspring^  SovJIh  Dakota, 

Feet. 

Slope  of  till 60 

Soft  brown  sandstone,  some  pebbles  above;  irregularly  stratified,  springs  below..  35 
Slope  mostly  clay,  evidently  Dakota,  to  the  level  of  the  James  River 20 

Farther  south,  about  a  mile  above  Milltown,  the  sandstone  is  more 
perfectly  consolidated  and  shows  much  oblique  lamination,  and  it  has 
been  quarried  to  some  extent  for  building  purposes.  The  sandstone 
appears  on  both  sides  of  Twelvemile  Creek,  following  the  main  stream 
for  3  or  4  miles.  North  of  the  northeast  comer  of  sec.  34,  T.  100  N-, 
R.  69  W.,  it  has  been  quarried  considerably.  The  following  section 
of  a  well  near  Elmspring  exhibits  this  formation  more  completely: 

Section  in  well  at  Elmspring^  South  Dakota, 

Feet. 

(1)  Yellow  and  blue  clay  (till)  with  water  at  60  feet 83 

(2)  Sandstone 8 

(3)  Sand 20 

(4)  Sandstone  and  clay,  irregularly  stratified 20 

(6)   ** Blue  clay  '*  (shale) ,  with  one  or  two  strata  of  sandstone 116 

(6)  Red  quartzite 70 

All  except  No.  1  and  No.  6  belong  to  the  Dakota  formation. 

The  formation  thickens  by  the  intercalation  of  other  strata,  both 
toward  the  west  and  south.  Near  the  James  River,  at  the  southern 
portion  of  the  area,  wells  indicate  that  the  Dakota  formation  may  be 
from  300  to  400  feet  in  thickness.  A  characteristic  view  of  the  upper 
portion  of  the  formation,  as  shown  on  the  Firesteel  northwest  of 
Mitchell,  is  given  on  PL  IX,  A, 
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COLORADO  FOBMATIOK. 

This  includes  two  series  of  deposits,  which  were  first  separated  by 
Dr.  F.  V.  Hay  den.  The  lower  ^eries,  composed  mostly  of  shale  and 
clay,  was  named  Benton,  from. its  great  development  near  Fort  Benton, 
Montana,  and  the  upper  series,  composed  largely  of  chalkstone,  was 
called  Niobrara.  These  two  subdivisions,  though  usually  diflfering  con- 
siderably in  lithologic  character,  are  often  grouped  together  because 
of  the  similarity  of  the  fossils  which  appear  in  them.  Moreover,  the 
line  between  them  is  not  easHy  established,  because  in  many  places  the 
chalk  grades  into  the  clay  and  shale;  and  even  when  fairly  pure, 
enough  protoxide  of  iron  is  present  tp  give  it  a  bluish  tint  resembling 
the  shale.  It  has  been  found  very  difficult  to  separate  them  in  this 
area  by  means  of  the  reports  of  well-borers.  One  well-borer  will  say 
that  within  a  given  region  he  has  struck  no  chalk,  but  has  struck  shale 
and  clay.  Another  will  distinguish  between  the  chalk  and  the  clay, 
recognizing  the  fact  that  the  former  differs  from  blue  shale  or  "  soap- 
stone,"  while  a  third  may  speak  of  the  chalk  as  a  fine  sand.  Practi- 
cally, the  distinction  which  is  most  obvious  to  the  well-borer  is  that 
chalk  does  not  become  plaatic  by  becoming  wet,  but  acts  more  like  fine 
sand.  On  the  other  hand,  the  shale,  or  "  soapstone,"  as  it  is  frequently 
called,  becomes  plastic  and  sticky,  and  not  easily  distinguished  from 
the  clay  except  by  its  hardness. 

The  Colorado  formation  is  exposed  in  this  region  only  at  a  few  locali- 
ties, which  are  indicated  upon  the  map,  viz:  Along  the  South  Fork  of 
Twelvemile  Creek;  on  Wolf  Creek,  about  6  miles  above  its  mouth;  2 
or  3  miles  south  and  east  of  the  latter  point,  and  still  more  promi- 
nently in  the  vicinity  of  Scotland.  It  also  appears  conspicuously 
along  Turkey  Creek  between  Irene  and  Volin,  and  also  along  Clay 
Creek  north  of  the  latter  place.  From  a  study  of  the  formations 
along  the  Missouri  River  it  is  inferred  that  the  Niobrara  chalkstone  is 
quite  evenly  stratified,  compact,  with  some  of  its  layers  forming  a  hard 
limestone,  but  more  frequently  the  clayey  material  is  more  promi- 
nent. From  the  exposures  along  the  river  it  would  seem  that  it  has  a 
thickness  of  150  to  200  feet.  Its  original  thickness  was  probably  not 
uniform,  but  it  was  accumulated  in  large  lenticular  masses. 

At  Scotland  and  near  Milltown  the  stone  has  been  quarried  and  used 
for  building.  When  first  taken  out  it  is  easily  cut  with  a  knife  and 
shaped  to  any  form  desired.  When  thoroughly  seasoned  it  resists  the 
weather  so  that  buildings  formed  of  it  have  stood  for  twenty-five  or 
thirty  years.  When  exposed  upon  a  slope  it  crumbles  under  the  action 
of  frost  and  becomes  a  white  earthy  mass.  The  protoxide  of  iron, 
which  colors  it  blue  or  light  gray  when  exposed  to  the  weather,  becomes 
a  yellow  oxide  or  a  carbonate,  so  that  where  it  is  near  the  surface  the 
chalk  soon  becomes  a  light  yellow  or  pure  white  color.     It  contains 
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fossils  that  characterize  it  elsewhere  in  the  Missouri  River  Vallev, 
includiDg  Ostrea  congesta,  different  species  of  Inocerarmis^  some  of  them 
of  large  size,  but  usually  much  broken;  a  large  shell  apparently  a 
Pinna^  and  numerous  scales  and  teeth  of  fishes,  both  of  sharks  and 
common  bony  fishes.  Elsewhere  the  bones  of  large  reptiles  have  been 
found  in  this  formation,  but  as  yet  none  have  been  found  in  it  in  this 
area.  The  chalk  rarely  shows  noticeable  shells  of  Foraminifera,  but 
the  mass  of  the  deposit  is  found  by  microscopic  examination  to  be  com- 
posed of  coccoliths  and  other  minute  organisms  found  in  the  chalk  else- 
where. At  some  points  the  chalk  is  found  to  pass  laterally  into  a  light- 
gray  clay,  and  it  would  seem  that  chalk  and  clay  might  have  been 
formed  contemporaneously  in  neighboring  parts  of  the  sea  bottom. 
The  difficulty  of  determining  the  real  thickness  of  the  chalk  in  this 
region  arises  from  the  fact  that  well-borers  do  not  readily  distinguish 
between  it  and  the  overlying  and  underlying  clays  and  shales.  In  no 
case  has  it  been  reported  thicker  than  100  feet  except  at  Tripp,  where 
it  is  stated  to  be  nearly  300  feet  thick.  It  is  probable  that  it  varies 
greatly  in  different  localities,  though  in  general  it  appears  to  thicken 
toward  the  southwest,  like  the  other  formations  which  we  have  con- 
sidered.   It  has  not  been  so  much  removed  by  erosion  in  that  direction. 

The  Benton  shale  is  not  clearly  exposed  at  any  point  in  this  area. 
From  the  study  of  it  along  the  Missouri  River  it  is  found  usually  to  be 
composed  of  a  dark  clay,  easily  absorbing-water  and  quickly  becom- 
ing very  plastic.  At  a  locality  southwest  of  Mitchell  it  is  excavated 
for  making  brick,  and  one  quite  striking  feature  is  that  the  sides  of 
the  pit  are  constantly  sliding  in,  and  even  in  the  adjoining  prairie  the 
slope  is  marked  with  crevasses  or  cracks,  indicating  its  creeping  nature. 
Similar  features  have  been  noted  in  sec.  33,  T.  100  N.,  R.  59  W.,  on 
a  slope  above  the  Dakota  sandstone  and  below  the  level  of  the  chalk- 
stone.  It  is  impossible  to  estimate  the  thickness  of  the  formation 
with  any  accuracy,  but  there  is  clear  evidence  that  the  clayey  member 
corresponding  to  the  Benton  is  found  here  in  considerable  quantity. 
It  is  probably  60  feet  thick.  Elsewhere  it  has  been  reported  in  bor- 
ings as  underlying  the  chalkstone  and  lying  on  the  sandstones  of  the 
Dakota. 

Before  the  deposition  of  the  Colorado  f oimation  the  Dakota  sand- 
stone seems  to  have  been  somewhat  eroded,  especially  in  the  highest 
portions  adjoining  the  quartzite.  Possibly  this  was  due  to  * '  contempo- 
raneous erosion"  rather  than  to  true  unconformity;  that  is,  it  was  due 
to  the  action  of  tidal  currents  or  waves  cutting  out  channels  without 
any  exposure  to  the  action  of  streams  upon  a  land  surface.  Moreover, 
the  Colorado  overlaps  considerably  beyond  the  edge  of  the  Dakota 
sandstone.  ' 
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PIERRE   SHALH. 

Pierre  shale  follows  next  in  succession  to  the  Colorado  formation, 
and  is  very  thickly  developed  along  the  Missouri  River  above  the 
Niobrara  chalk.  It  undoubtedly  overlies  that  formation  also  in  the 
Choteau  Creek  Hills,  though  it  has  not  been  distinctly  recognized  there 
in  exposures  or  in  wells.  Upon  Turkey  Creek,  on  the  east  side  of  sec. 
11,  T.  95  N.,  R.  54  W.,  a  few  feet  of  dark,  plastic  clay  overlies  the 
chalkstone,  which  doubtless  is  Pierre.  Careful  examination  will 
probably  reveal  other  similar  exposures.  It  is  a  formation  which  often 
contains  remains  of  marine  reptiles  and  many  cephalopod  shells.  The 
shales  are  quite  calcareous  and  their  fossils  are  frequently  embedded 
in  large  concretions  of  limestone. 

<  TERTIARY    DEPOSITS. 

The  only  natural  exposures  in  the  area  under  consideration  which 
may  possibly  belong  to  the  Tertiary  are  beds  of  a  yellow  loam  resem- 
bling loess,  which  occur  overlying  the  Cretaceous  at  several  points  on 
Turkey  Creek,  also  southeast  of  the  mouth  of  Wolf  Creek.  These 
are  underneath  the  glacial  drift  and  may  possibly  belong  to  the  Plio- 
cene. Borings  in  the  higher  portions  of  Turkey  Ridge  and  the  Choteau 
Creek  Hills  reveal  thick  deposits  of  sand  underneath  the  till.  These 
also  may  belong  to  the  Tertiary,  and  may  be  even  as  old  as  the  Loup 
Fork.  On  the  other  hand,  it  is  possible  that  they  are  accumulations 
preceding  the  deposition  of  the  drift  during  the  Pleistocene.  No  fos- 
sils have  been  discovered,  so  no  conclusion  can  be  confidently  expressed 
as  to  their  age. 

PLEISTOCENE   DEPOSITS. 

In  this  region  the  Pleistocene  deposits  are  very  prominent  and  cover 
very  nearly  the  entire  surface.  All  the  exposures  of  older  rock  do 
not  occupy  more  than  4  or  5  square  miles.  The  deposits  of  this  epoch 
may  be  enumerated  in  chronological  order,  as  follows:  (1)  The  pre- 
glacial  or  circumglacial  sands  and  gravels;  (2)  the  glacial  till  or 
bowlder  clay,  separable  into  the  upper  or  yellow  bowlder  clay  and  the 
lower  or  blue  bowlder  clay;  (3)  the  moraines,  which  include  those  of 
two  distinct  epochs,  with  minor  subdivisions;  (4)  terraces  and  ancient 
channels,  which  may  be  referred  to  three  or  four  different  stages  of 
the  glacial  occupation  of  the  country;  (5)  alluvium. 

FREGLAGIAL  OR  CIRCUMGLACIAL   DEPOSITS. 

The  preglacial  surface  was  probably  covered  with  silt  and  clays 

resembling  those  of  the  region  now  found  west  of  the  Missouri.     The 

surface  there,  however,  is  probably  now  eroding  faster  than  at  that 

time,  for  the  base-level  of  drainage  was  probably  much  higher  relatively 
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and  of  gentler  grade.  The  hillside  wash  and  alluvium  was  perhaps  more 
marked  thaA  is  now  found  in  the  trans-Missouri  region,  but  as  the  ice 
sheet,  which  resembled  that  of  Greenland  at  the  present  time,  slowly 
advanced  from  the  north  there  was  spread  before  it  almost  everywhere 
a  fringe  or  apron  of  torrential  deposits.  Heavy  sand  and  gravel  bars 
accumulated  along  the  channels  of  the  principal  streams  leading  from 
the  ice  sheet.  A  less  amount  of  similar  deposit  was  accumulated  in 
all  water  courses  as  their  upper  portions  began  to  be  supplied  from 
the  melting  ice.  Hence,  most  of  the  surface  became  covered  with  a 
nearly  continuous  but  uneven  layer  of  sand  and  gravel,  and  as  the 
result  of  the  process  we  find  to-day  nearly  everywhere  below  the  tiU, 
or  blue  clay,  of  this  region  a  stratum  of  sand  and  gravel,  containing 
in  most  cases  abundant  water.  The  finer  portions  of  preglacial  soil 
and  surficial  deposits  of  that  time  seem  to  have  been  washed  away, 
leaving  the  sand  clean  and  porous.  This  deposit  of  sand,  which  may 
be  compared  to  a  blanket,  lies  over  the  uneven  surface  of  the  Creta- 
ceous clays,  mantling  the  upland  as  well  as  the  lowland.  It  appears 
to  be  generally  thicker  upon  the  higher  points,  where  its  accumulation 
may  have  been  due  in  part  to  the  action  of  winds.  It  is  needless,  per- 
haps, to  remark  that  the  sands  of  this  deposit,  like  the  bowlder  clay 
above,  contain  pebbles  of  granite,  greenstone,  and  limestone.  This 
deposit  is  rarely  exposed,  but  there  are  a  few  places  along  the  base  of 
the  bluflPs  of  the  James  River  where  it  appears.  The  more  notable 
ones  are  about  a  mile  below  Milltown,  and  at  intervals  for  2  or  3  miles 
above  the  mouth  of  Wolf  Creek.  It  may  be  recognized  at  other 
points  by  the  appearance  of  springs  near  the  level  of  the  stratum.  It 
appears,  usually  with  less  thickness,  above  the  older  rocks  wherever 
they  are  exposed.  There,  however,  it  is  less  frequently  the  source  of 
springs,  because  such  points  are  more  elevated,  and  because  the  bowl- 
der clay  has  crept  down  and  covered  it  more  often  than  where  it  has 
been  more  recently  exposed  by  tiie  action  of  the  streams.  Sometimes 
this  deposit  attains  a  thickness  of  100  feet,  but  generally  it  is  very 
much  thinner.  In  some  cases  it  may  be  entirely  wanting,  so  that  the 
well-borer  passes  from  the  bowlder  clay  into  the  Cretaceous  beds 
without  noticing  the  transition.  This  formation  plays  an  important 
part  in  the  water  supply  of  the  region  and  will  be  further  described 
under  that  head. 

TILL  OR  BOWLDER  CLAY. 

This  formation  presents  the  same  features  that  are  found  in  corre- 
sponding regions  elsewhere,  as  in  central  Minnesota,  Iowa,  and  Illi- 
nois. It  is  an  unstratified  mixture  of  clay,  sand,  and  worn  pebbles 
and  bowlders,  the  last  mentioned  sometimes  attaining  a  diameter  of 
several  feet.  In  this  formation  are  found  local  developments  of 
stratified  sand,  commonly  spoken  of  as  pockets,  though  they   are 
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sometimes  known  to  be  portions  of  channels  of  considerable  length, 
and  also  of  sheets  that  may  locally  separate  the  bowlder  clay  into  two 
or  more  members.  The  till  of  this  region  is  much  more  clayey  than 
at  points  farther  east  because  for  some  distance  the  ice  had  moved 
over  and  deeply  eroded  the  dark-colored  clays  of  the  Cretaceous. 
For  this  reason  the  erratics  are  perhaps  less  frequently  striated  and 
planed.  The  bowlders  most  widely  distributed  are  gray  and  reddish 
granites,  and  peculiarly  compact  and  fine-grained  limestones  of  a 
straw  color  or  clear  white.  The  latter  contain  Fa/oosites  and  cup- 
corals,  with  occasional  Brachiopods,  indicating  their  Paleozoic  origin. 
Next  in  prominence  are  bowlders  of  a  fine-grained  trap  or  green- 
stone. Besides  these,  in  some  portions  of  the  area,  a  large  percen- 
tage of  the  erratics,  usually  those  of  smaller  size,  came  from  a  red 
quartzite  ridge  lying  to  the  north.  The  distribution  of  these  is  so 
remarkable  about  Turkey  Ridge  as  to  attract  popular  attention.  In 
the  main  part  of  this  ridge  they  form  about  90  per  cent  of  all 
bowlders,  but  outside  of  or  across  the  valleys  of  Clay  and  Turkey 
Ridge  creeks  they  are  very  rare.  The  till  varies  in  thickness  from  80 
to  250  feet.  In  general  it  is  thickest  upon  the  higher  elevations — ^as, 
for  example,  the  Choteau  Creek  Hills  and  James  Ridge.  Near  the 
exposures  of  the  older  rocks,  which  we  may  suppose  to*  represent 
points  that  have  resisted  preglacial  erosion  so  that  they  are  relatively 
more  elevated,  a  thickness  of  less  than  50  feet  is  found,  as  in  the 
vicinity  of  Scotland  and  Elmspring,  but  over  the  even  surface 
between  Parkston  and  Olivet  it  amounts  to  125  or  150  feet.  Between 
the  Choteau  Creek  Hills  and  James  Ridge  the  thickness  is  frequently 
300  feet.  It  is  probable  that  the  thickness  is  not  very  uniform  and 
may  vary  greatly  within  short  intervals.  •  Apparently  the  surest 
evidence  of  reaching  the  bottom  of  the  till  is  that  the  water  when 
struck  rises  promptly  and  to  a  considerable  height.  This  is  a  fact 
which  well-borers  remember  and  recognize  more  distinctly  than  any 
discrimination  of  material,  for  pebbles  and  bowlders  are  found  in 
both  the  till  and  the  sand  below.  It  is  not  uncommon  for  two  neigh- 
bors to  sink  wells,  one  having  to  go  to  a  depth  of  250  or  300  feet, 
while  the  other  may  obtain  water  within  150  or  200  feet.  This 
evidence  is  not  always  decisive,  for  there  are  sometimes  within  the  till 
local  developments  of  sand  which  yield  abundant  water.  However, 
in  many  cases  the  wells  have  gone  farther  and  demonstrated  that  in 
such  cases,  no  till  is  found  below  the  sand. 

It  has  been  noted  in  other  regions  that  the  till  consists  of  two  or 
more  ntunbers  belonging  to  different  epochs,  and  it  would  seem  not 
improbable  that  such  occurrences  may  be  discovered  in  this  area,  but 
thus  far  we  have  been  unable  to  ascertain  that  this  is  the  case.  This  is 
the  more  remarkable  when  we  consider  the  number  of  borings  which 
have  extended  not  only  through  the  till,  but  to  the  Dakota  sandstone 
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below.  However,  since  well-borers  are  not  discriminating  in  this 
matter,  more  careful  observations  may  eventually  reveal  the  fact  that 
such  a  division  of  the  till  really  exists,  at  least  in  the  vicinity  of 
moraines.  We  may  mention  in  this  connection  a  singular  phenome- 
non which  occurs  about  6  miles  east  of  Wolf  Creek  colony.  -  In  the 
extreme  northeastern  comer  of  T.  98  N.,  R.  57  W.,  and  in  the  sections 
adjoining,  are  three  or  four  flowing  wells  obtaining  water  from  a  depth 
of  from  55  to  65  feet,  while  li  miles  farther  west  no  water  is  obtained 
until  a  depth  of  about  150  feet  is  reached,  and  then  it  has  not  sufficient 
head  to  flow.  This  would  suggest  a  division  of  the  till  into  two  mem- 
bers, separated  by  a  sand  deposit  which  does  not  extend  to  the  second 
locality  mentioned  above.  This  may  prove  to  be  a  separation  of  the 
earlier  and  older  deposit  of  till,  and  may  extend  farther  east,  and  may  be 
caused  by  the  recession  and  readvance  of  the  ice,  corresponding  to  the 
interval  between  the  Altamont  and  Grary  moraines.  Another  explana- 
tion may  be  equally  satisfactory,  viz,  that  at  one  time  there  existed 
in  the  region  of  flowing  wells  a  subglacial  channel  which  deposited  a 
sheet  of  sand,  which  would  be  strictly  subglacial,  upon  the  formation 
of  till  already  laid  down  by  the  glaciers  while  the  till  above  was  of 
englacial  origin  and  was  deposited  above  the  sand  deposits  of  said 
stream  duting  the  final  melting  of  the  ice  sheet.  Similar  suppositions 
may  explain  similar  flowing  wells  both  north  and  south  of  the  area 
named  and  also  east  of  Parkston. 

As  elsewhere,  the  upper  part  of  the  till  has,  when  weathered,  a  light 
buff  or  yellowish  color.  This  is  so  prevalent  that  it  is  only  at  unusu- 
ally recent  natural  exix>sures,  or  in  the  digging  of  deep  wells,  that  the 
blue  character  of  the  unweathered  till  appears.  An  impression  pre- 
vails that  it  differs  materially  in  character  from  the  yellow  till,  since 
the  yellow  till  contains  water,  often  in  considerable  quantity,  which 
supplies  the  shallow  or  surface  wells  of  the  country.  It  is  a  general 
rule  that  if  sufficient  water  is  not  struck  before  the  blue  clay  is  reached, 
no  more  can  be  expected  until  that  formation  is  completely  pene- 
trated. The  blue  clay  is  frequently  spoken  of  as  joint  clay,  from  the 
fact  that  it  is  usually  divided  into  polygonal  masses  by  irregular  joints 
crossing  one  another.  These  allow  slight  motion  whenever  the  forma- 
tion lies  upon  a  slope,  so  that  in  the  vicinity  of  streams,  though  Ic^ss 
plastic  than  the  Cretaceous  clays,  it  is  subject  to  landslides,  which  cause 
it  to  cover  the  underlying  sands. 

The  surface  of  the  till,  as  elsewhere,  abounds  more  or  less  m  shal- 
low basins  or  lake  beds,  which  may  be  filled  with  water  in  the  wet 
season.  In  some  localities  these  are  so  deep  that  they  retain  water 
several  feet  in  depth  year  after  year,  but  more  frequently  they  are 
dried  up  by  the  advancing  summer  and  are  capable  of  tillage.  Since 
none  of  them  are  supplied  except  by  rainfall,  even  the  deepest  are  apt 
to  become  empty  after  a  succession  of  dry  years. 
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MORAINES. 

These  are  local  developments  of  the  till  in  the  form  of  elevated 
ridges,  usually  with  the  surface  rougher  than  elsewhere.  In  other 
words,  the  surface  rises  into  abrupt  ridges  or  knolls  perhaps  to  the^ 
height  of  25  or  30  feet,  though  we  do  not  find  the  best  examples  of 
such  topography  in  this  area.  The  intervening  depressions  and  basins 
are  also  more  numerous  than  elsewhere.  Moreover,  the  moraines 
usually  present  a  larger  number  of  bowlders  and  beds  of  gravel,  and 
bear  other  marks  of  abundant  and  free-flowing  water.  They  are  gen- 
erally looked  upon  as  marking  the  line  where  the  edge  of  the  ice  sheet 
remained  stationary  for  a  considerable  length  of  time.  While  the  ice 
gradually  brought  materials  to  that  point,  the  process  of  melting  pre- 
vented its  farther  advance,  and  as  the  ice  melted  the  clay  and  gravel 
contained  in  it  were  dropped  along  its  edge.  With  this  explanation  we 
can  easily  understand  how  some  areas  would  be  much  more  abundantly 
supplied  with  materials  than  others,  because  of  diflferences  in  velocity 
and  load  of  the  ice  and  in  its  relation  to  the  attending  waters.  We 
rarely  find  the  edge  of  the  ice  sheet  clearly  marked  for  any  great  dis- 
tance by  morainal  deposits.  The  moraines  are  usually  best  developed 
at  higher  levels.  Where  the  edge  of  the  ice  sheet  rested  in  still  water, 
whether  in  a  lake  or  a  sluggish  stream,  the  material  brought  up  by  the 
ice  would  be  widely  distributed  by  the  water  and  a  comparatively  level 
surface  would  be  formed.  Where  the  edge  of  the  ice  was  washed  by 
the  stream  for  some  distance,  the  material  contributed  by  the  ice  would 
be  carried  away  and  hence  not  deposited  as  an  accumulation. 

In  the  area  under  consideration  we  have  portions  of  two  systems 
of  moraines,  with  minor  subdivisions.  These  are  believed  to  belong 
to  the  Wisconsin  stage  of  the  Glacial  epoch,  and  are  known  as 
the  first,  or  Altamont  moraine,  and  the  second,  or  Gary  moraine.  The 
first  moraine  includes  the  hills  in  the  northeastern  corner  of  the  Parker 
quadrangle,  and  the  main  portions  of  Turkey  Ridge  and  James  Ridge, 
and  the  whole  of  the  Cboteau  Creek  Hills.  The  surface  in  all  these 
areas  is  more  elevated  than  the  region  within  the  moraine,  and  is 
usually  marked  with  stony  hills,  with  more  numerous  and  deeper 
basins  between. 

The  second,  or  Gary  moraine,  is  represented  by  the  ridge  beginning 
east  of  the  West  Fork  of  the  Vermilion  and  forming  the  divide  between 
it  and  the  East  Fork  of  the  Vermilion.  It  passes  south  and  southeast 
around  the  head  of  Turkey  Ridge,  then  south  along  the  east  side  of 
the  same  to  the  southern  line  of  the  area,  where  it  turns  west  and 
skirts  the  eastern  slope  and  around  the  northern  end  of  James  Ridge; 
thence,  for  several  miles,  it  is  imperfectly  represented  by  the  ridges 
near  Lesterville  and  the  gravelly  hills  at  Scotland.  These  seem  to  mark 
the  earlier  stage  of  its  deposition.     North  of  Olivet  it  again  appears 
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more  continuous,  but  of  subdued  form,  and  extends  northwest  along 
the  divide  south  of  Twelvemile  Creek  to  the  northwest  corner  of  the 
area.  In  general,  this  moraine  is  of  lower  elevation  than  the  first,  and 
has  its  knolls  less  prominent.  Its  highest  portion  is  southeast  of 
Freeman,  where  it  attains  an  altitude  of  more  than  1,600  feet. 

ANCIENT  DRAINAGE  SYSTEMS. 

Connected  with  these  moraines  are  ancient  systems  of  di*aina^, 
quite  distinct  at  several  points  from  those  of  the  present  time.  We  will 
not  dwell  upon  them  further  than  to  call  attention  to  some  of  the  more 
notable  cases.  During  the  occupation  of  the  first  moraine  the  drain- 
age from  between  the  lobes  of  ice  occupying  the  Vermilion  Valley 
and  the  James  was  by  means  of  Turkey  Creek  and  its  branches.  Simi- 
larly, upon  James  Ridge,  between  the  James  River  lobe  of  ice  and 
the  one  to  the  west,  are  imperfect  traces  of  a  similar  system.  During 
the  occupation  of  the  second  moraine  the  drainage  was  largely  down 
the  present  course  of  the  West  Fork  of  the  Vermilion  River,  Turkey 
Ridge  Creek,  Clay  Creek,  and  Beaver  Creek,  and  at  that  time  a  lake  of 
considerable  extent  occupied  the  Vermilion  Valley,  east  of  Hurley.  A 
much  more  transient  one  also  occupied  the  region  west  of  the  ice  sheet 
northwest  of  Scotland,  which,  for  a  time,  drained  toward  the  south  into 
the  upper  part  of  Beaver  Creek,  but  soon  found  its  outlet  down  the 
James  River  Valley.  The  latter  stage  of  this  lake  seems  to  have  per- 
sisted along  the  valley  of  Dry  Creek,  east  of  Parkston,  until  the 
formation  of  the  later  part  of  the  Gary  moraine. 

WATER  SUPPIiY. 

Under  this  head  are  included  the  most  important  economic  results  of 
the  study  of  the  geology  of  this  area.  The  subject  of  water  supply 
is  divided  into  surface  waters  and  underground  waters.  Under  the 
former  are  included  lakes,  springs,  and  streamys,  and  under  the  latter 
are  included  the  supplies  which  furnish  shallow  wells,  artesian  wells, 
and  tubular  or  pump  wells. 

SURFACE  WATERS. 
LAKES. 

These  receive  their  waters  directly  from  the  rainfall  and  endure 
according  to  the  extent  of  their  drainage  basin,  the  depth  of  their 
reservoir,  and  the  dryness  of  successive  years.  The  rainfall  of  the 
region  varies  greatly  during  different  seasons.  Lis  average  is  about 
25  inches.  After  a  succession  of  wet  years,  the  lake  beds  over  the 
whole  region  are  filled  with  water,  and  in  the  spring  also,  if  there 
has  been  much  snow,  the  same  is  true.    However,  in  the  latter  part 
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of  summer  nearly  all  of  them  become  dry.  Some  of  the  more  im- 
portant are  marked  upon  the  map  as  regular  lakes.  Within  the  last 
twenty-five  years  some  lakes  have  passed  through  a  summer  with  10 
or  15  feet  of  water,  and  a  few  yeai-s  later  have  become  dry  enough 
for  tillage. 

SPRINGS. 

Permanent  springs  are  rarely  found,  but  a  few  occur  along  the 
James  River  and  its  principal  tributaries.  They  receive  their  waters 
from  the  various  formations  which  are  treated  more  fully  under  the 
head  of  underground  waters. 

One  class  of  springs  which,  perhaps,  are  not  often  recognized  as 
such  derive  their  waters  from  the  rainfall  seeping  through  the  upper 
part  of  the  drift  into  the  water  courses.  Since  the  water  from  them 
is  contained  in  isolated  basins  or  waterholes  in  the  water  courses,  many 
may  not  recognize  the  fact  that  the  water  supplied  comes  from  below 
the  surface,  but  this  is  doubtless  the  fact.  To  the  constant  movement 
of  the  water,  more  fully  described  under  the  head  of  underground 
waters,  is  to  be  traced  the  purity  of  the  water  in  the  ponds  and  their 
freedom  from  stagnant  properties. 

Other  springs  are  derived  from  the  gravel  and  clay  deposits  capping 
the  ancient  terraces  or  lining  the  old  water  courses  of  the  Glacial 
epoch.  As  an  example  of  this  may  be  mentioned  a  spring  in  the 
southwest  corner  of  sec.  34,  T.  100  N.,  R.  69  W.,  which  is  supplied 
from  the  gravel  deposits  in  an  old  channel  of  the  James  River  about 
100  feet  above  the  present  stream.  Another  less  copious  spring  appears 
on  sec.  3  of  the  same  township,  where  the  same  channel  meets  the 
deeper  valley  of  Dry  Creek.  Another  spring  from  these  same  deposits 
appears  on  or  near  sec.  16  of  the  township  to  the  south.  It  is  prob- 
able that  careful  examination  would  reveal  several  more  of  similar 
origin. 

Still  other  springs  derive  their  waters  from  the  sands  below  the 
bowlder  clay.  These  fail  to  bring  water  to  the  surface  except  where 
it  rests  upon  underlying  clays,  probably  Cretaceous,  although  this 
can  not  always  be  easily  demonstrated.  Springs  of  this  sort  have 
been  noted  at  the  base  of  the  bluffs  on  the  right  bank  of  the  James 
River  at  a  number  of  points  between  the  mouth  of  Dry  Creek  and 
Wolf  Creek.  It  is  probable  that  a  further  search  would  discover 
many  more. 

A  few  springs  are  known  to  come  from  joints  or  porous  strata  in  the 
chalkstone.  Such  are  found  near  Scotland  and  along  Turkey  Creek. 
Their  waters  are  frequently  unpalatable  from  impregnation  with  alum 
salts. 

Other  springs  seem  to  be  supplied  from  the  sandstone  of  the  Dakota 
formation.     Cases  of  this  kind  have  been  noted  a  mile  or  two  south 
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of  Elmspring,  where  the  water  escapes  from  the  base  of  the  sand- 
stone as  it  rests  upon  the  shaly  clay  below.  Other  springs  which 
we  believe  are  supplied  from  the  same  geological  stratum  ai-e  found 
near  Olivet.  They  are  two  in  number,  the  smaller  appearing  10  or 
12  rods  southeast  of  the  bridge  crossing  the  James  River  east  of 
Olivet;  the  other  about  a  quarter  of  a  mile  farther  north,  within  a  few 
rods  of  the  edge  of  the  bottom  adjoining  the  river.  Both  of  thejje 
springs  or  ponds,  as  they  may  be  called,  are  surrounded  with  bul- 
rushes and  are  of  circular  form.  The  water  rises  nearly  to  the  level 
of  the  bottom  land,  which  is  10  feet  higher  than  the  ordinary  stage  of 
the  James  River  nearby.  Since  they  are  more  than  a  half  mile  from 
the  base  of  the  bluffs  on  the  east,  and  the  water  is  higher  than  can  be 
found  at  ordinary  stages  in  the  James  River  within  2  or  3  miles  farther 
upstream,  it  seems  clear  that  the  supply  is  derived  from  a  stratum  of 
the  Dakota  sandstone,  and  that  we  have  here,  as  it  were,  natural  arte- 
sian wells.  The  large  spring  has  a  diameter  of  about  150  feet  of  open 
area  besides  that  occupied  by  bulrushes.  Quite  similar  to  the  Olivet 
springs  is  the  one  5  miles  north  of  Mitchell,  shown  on  PL  IX,  B,  It 
differs  only  in  having  higher  banks.  PI.  X,  A  shows  another  type, 
escaping  close  to  Sioux  quarzite  ledges  on  Enemy  Creek,  southeast  of 
Mitchell.  It  is  probable  that  similar  leaks  from  the  artesian  stratum 
escape  into  the  trough  of  the  James  River  below  the  water,  or  at  least 
below  the  surface.  Some  of  the  small  marshes  which  are  found  upon 
the  flood  plain  may  be  supplied  from  this  source,  although  probably 
most  are  supplied  from  the  waters  escaping  from  the  sand  sheet  below 
the  till. 

STREAMS. 

The  James  River  is  the  only  stream  in  this  area  which  may  be 
depended  upon  to  contain  running  water  at.  all  times.  The  lower 
portions  of  Wolf  Creek,  Twelvemile  Creek,  and  Lonetree  Creek  are 
rarely  entirely  dry,  but  above  the  last  mile  or  two  of  their  course  the 
water  in  the  latter  part  of  summer  rarely  flows  upon  the  surface. 

UNDERGROUND  WATERS. 

The  most  accessible  underground  waters  are  those  flowing  near  the 
surface  of  the  gi'ound  or  seeping  through  the  upper  portion  of  the  till 
toward  a  water  course,  where  there  are  shallow  accumulations  of  sand, 
which  form  conduits  for  it.  It  flows  slowly  through  the  lower  portions 
of  these  sand  accumulations  and  appears  at  intervals  in  waterholes  along 
the  upper  portions  of  the  more  prominent  streams.  In  these  it  rarely 
comes  forth  in  sufficient  strength  to  attract  attention.  Where  the  slope 
of  the  surface  is  toward  an  undrained  basin,  the  water,  flowing  on  yel- 
low till,  contributes  to  the  level  of  the  water  in  an  open  lake  until  the 
water  level  sinks  below  the  surface,  as  it  soon  does  in  the  great  majority 
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of  cases.  It  may  then  be  drawn  upon  by  shallow  wells  which  for  a 
number  of  years  may  be  entirely  adequate  for  the  demands  of  neigh- 
boring farms,  but  in  time  of  drought  gradually  become  exhausted. 
Where  the  surfaces  slope  toward  a  water  course,  the  water  accumulates 
in  larger  supply,  but  it  also  flows  away  sooner.  Shallow  wells,  there- 
fore, along  the  ancient  water  courses  which  were  occupied  by  streams 
of  considerable  size  during  the  presence  of  glaciers  in  the  vicinity,  afford 
some  of  the  most  copious  wells  in  the  region,  some  of  them  being  quite 
shallow.  These  shallow  wells  were  the  main  dependence  of  the  farmers 
of  the  region  in  the  early  settlement  of  it.  In  1881  and  a  few  years 
sabsequent,  water  was  abundant  in  these  surface  wells,  but  after  a  series 
of  dry  years  this  supply  became  exhausted  and  farmers  were  forced  to 
go  deeper  for  their  water  supply. 

The  next  supply  was  that  derived  from  the  sand  and  gravel  at  the 
base  of  the  drift.     These  are  reached  by  penetrating  the  till,  which 
is  done  by  boring,  often  to  300  feet  below  the  surface.     This  depth 
would  be  a  serious  disadvantage  were  it  not  in  a  measure  compen- 
sated for  by  the  rise  of  the  water,  so  that  in  many  such  wells  the 
water  stands  within  5  to  25  feet  of  the  surface;  some,  in  fact,  became 
flowing  wells.     There  are  wells  of  this  class  in  the  area  which  have 
been   flowing  for  over  twenty  years.     The  depth   to  these  subtill 
waters  is  shown  on  PI.  V.     As  we  have  elsewhere  stated,  the  thick- 
ness of  the  till  varies  considerably  within  short  distances.     Hence, 
the  depth  indicated  on  the  map  sometimes  may  not  be  within  25  to 
50  feet  of  the  point  where  water  will  be  reached,  although  in  the 
majority  of  cases  it  is  believed  that  it  will  be  much  nearer.     More- 
over, as  will  be  readily  understood,  the  subtill  sand  sheet  is  not  every- 
where filled  with  water,  especially  in  higher  regions.     Therefore  the 
sand  may  be  reached  and  passed  through  to  the  Cretaceous  shale  below 
without  yielding  water.     This  seems  to  have  been  true  in  some  cases 
in  the  Choteau  Creek  Hills.     On  the  other  hand,  flowing  wells  are 
frequently  found  at  lower  levels.     Such  areas,  however,  are  of  com- 
paratively slight  extent,  and  the  pressure  head  is  not  level,  but  slopes 
irregularly  with  the  surface.     This  is  doubtless  due  to  the  slow  motion 
of  the  water  below.     The  areas  where  flowing  wells  from  this  source 
have  been  obtained  are  indicated  on  PI.  II.     Probably  others  may  be 
found  by  boring,  especially  at  intermediate  altitudes   remote  from 
important  streams.     In  some  cases  the  erosion  of  the  I'avine  or  water- 
coui-se  is  that  which  renders  the  flowing  wells  possible,  because  it 
decreases  the  altitude  of  the  surface  while  the  head  remains  constant. 
As  we  have  already  stated  under  General  geology,  cases  are  not  infre- 
quent where  deposits  of  sand  and  gravel  are  locally  developed  in  the 
till  itself.     These  frequently  furnish  a  copious  supply  of  water,  and 
in  such  cases  wells  yield  water  without  entirely  penetrating  the  till. 
On  the  other  hand,  sands  b^^low  the  till  are  absent  at  some  points.    In 
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such  cases  no  water  is  likely  to  be  reached  short  of  the  main  artesian 
supply.  The  deep  wells  supplied  from  this  source  are  commonly 
known  as  tubular  wells,  though  that  term  strictly  indicates  the  con- 
struction of  the  pumps  used.  Hence,  we  may  conveniently  speak  of 
the  Pleistocene  subtill  sands  as  the  "  tubular- well  supply." 

It  seems  evident  that  the  original  source  of  this  supply  is  the  rain- 
fall, the  same  as  in  the  case  of  shallow  wells,  but  it  is  a  more  constant 
supply,  because  the  water  enters  it  more  gradually.  It  is  more  con- 
tinuous, and  does  not  waste  in  evaporation  as  in  shallow  wells.  It 
should  not,  however,  be  considered  inexhaustible,  because  if  ^a  tubu- 
lar well  is  drawn  upon  too  freely  it  may  be  expected  to  gradually  fail 
especially  if  it  is  in  an  elevated  region. 

The  way  in  which  the  water  enters  this  stratum  is  not  well  under- 
stood. In  general,  the  till  seems  to  be  so  perfectly  impervious  that, 
especially  at  lower  levels,  it  prevents  the  escape'  of  the  water  below 
quite  completely.  We  have  before  called  attention  to  the  joints  in  the 
clay,  which,  at  certain  times,  especially  in  more  abrupt  portions  of 
the  surface,  and  after  drought,  are  probably  opened  sufficiently  to 
allow  water  to  enter  from  the  surface.  Besides,  it  ia  not  improbable 
that  the  bottom  of  the  ancient  channels  may  at  some  points  cut  through 
the  till  to  the  lower  Pleistocene  sands  in  such  a  way  as  to  add  materi- 
ally to  this  supply. 

WATEB  FBOM  THE   OLDEB  STBATA. 

In  case  sands  belonging  to  the  Tertiary  should  be  discovered  in  the 
region  it  is  likely  that  they  will  be  closely  connected  with  the  lower 
Pleistocene  sands,  and  hence  we  need  not  discuss  them  separately. 
The  chalkstone  of  the.Coloi'ado  formation  is  porous  and  water  bear- 
ing; in  fact,  springs  are  occasionally  found  flowing  from  it.  We 
have  already  spoken  of  springs  from  it  at  Scotland.  It  exists  in  such 
detached  masses,  and  wherever  it  affects  wells  is  so  closely  underneath 
the  drift  that  it  need  not  be  treated  at  any  length  separate  from  the 
tubular-well  supply. 

It  has  been  found  convenient  in  some  places  to  use  chalk  as  a  filter 
to  keep  out  the  sand  from  the  bottom  of  the  well.  Moreover,  there 
appears  in  some  places,  although  not  certainly  in  this  area,  a  stratum 
of  sandstone  in  the  chalk  which  affords  water  more  copiously  and  may 
sometimes  have  a  relation  similar  to  that  of  the  Dakota  sandstone 
underneath. 

MAIN   ABTESIAN   SUPPLY. 

Those  who  have  studied  the  matter  universally  agree  that  the  main 
artesian  supply  is  from  the  sandstone  and  sand  beds  of  the  Dakota 
formation.  This  remarkable  formation  is  the  source  of  water  in  Texa^ 
and  Colorado,  as  well  as  in  this  region.     It  owes  its  efficiency  to  four 
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conditions:  (1)  Its  great  extent,  underlying  most  of  the  Great  Plains 
from  the  Rocky  Mountains  to  about  the  ninety -fifth  meridian.  (2)  Its 
highly  elevated  western  border,  located  in  the  moist  region  of  the 
mountains  and  crossed  by  numerous  mountain  streams.  (3)  The  fact 
that  it  is  extensively  sealed  on  its  eastern  margin  by  the  overlapping 
clays  of  the  Colorado  formation,  and  where  that  is  not  the  case,  by  the 
tilljsheet  of  the  Glacial  epoch.  (4)  The  excavation  of  wide  areas, 
especially  in  Dakota,  by  older  streams,  so  as  to  bring  the  land  surface 
below  the  pressure  height  or  "head  "  generated  by  the  elevated  western 
border  of  the  fcflination.  From  this  source  also  are  derived  the  copi- 
ous pumping  supplies  of  water  over  wide  areas,  where  the  pressure  is 
not  sufficient  to  produce  flowing  wells. 

PL  X,  B  gives  a  vivid  impression  of  the  possibilities  of  such  wells. 
The  flow  is  through  a  3-inch  pipe  and  from  a  depth  of  only  337  feet. 
The«tream  rivals  the  Firesteel  nearby  in  the  amount  of  flowing  water. 
It  is  estimated  to  furnish  over  1,000  gallons  a  minute.  Most  of  the 
wells  in  the  area  are  much  smaller  and  are  much  more  convenient  for 
ordinaiy  farm  use,  besides  being  more  enduring. 

The  Dakota  deposits  underlie  nearly  the  entire  area  treated  in  this 
report,  but  from  the  relation  of  pressure  to  surface  the  true  artesian 
area  is  limited  approximately  as  represented  upon  the  map  (PI.  11). 

In  boring  wells  the  term  "flow"  is  used  by  some  persons  to  indicate 
that  the  water  has  sufficient  pressure  to  rise  some  distance  in  the  well, 
but  it  is  more  customary  to  limit  the  term  to  those  cases  in  which 
there  is  sufficient  force  for  the  water  to  rise  to  or  over  the  top  of  the 
well.  From  a  comparison  of  the  sections  of  different  wells  it  appears 
that  the  sheets  of  sand  are  more  or  less  separated  by  intercalated  sheets 
of  clay,  the  permeable  sandy  deposits  extending  out  into  thin,  wing-like 
sheets.  In  this  way  there  are  in  this  area  at  least  three  horizons  with 
well-marked  flows.  The  first  or  uppermost  of  these  probably  corre- 
sponds to  the  stratum  which  is  exposed  above  Milltown.  This  bed,  of 
course,  can  not  hold  water  under  pressure  sufficient  to  produce  flowing 
wells  in  the  vicinity  of  its  exposure  where  the  head  is  lost  by  leakage. 
The  second  flow  is  that  which  supplies  most  of  the  wells  northeast  of 
the  town  of  Tripp.  The  third  is  that  probably  reached  in  the  deep 
well  at  Tripp.  Probably  others  occur  still  deeper  in  the  southeast 
portion  of  the  Olivet  quadrangle. 

From  a  study  of  the  sections  of  the  wells  it  is  evident  that  the  suc- 
ce{>sive  flows  rise  somewhat  toward  the  exposures  of  quartzite,  but  that 
the  higher  water-bearing  stmta  considerably  overlap  those  below. 
In  other  words,  the  lowest  sandstone  stratum  of  the  Dakota  does  not 
extend  as  far  northeast  by  several  miles  as  those  higher  up.  There 
has  been  no  effort  to  express  on  the  map  the  extent  of  the  different 
water-bearing  strata,  but  they  may  be  inferred  from  the  irregularities 
m  the  depths  given. 
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PRESSURE. 

From  a  superficial  study  of  artesian  wells  it  might  be  thought  that 
the  water,  especially  in  particular  artesian  basins,  has  the  same  head 
or  would  everywhere  rise  to  the  same  plane.  Such,  however,  is  far 
from  the  fact  in  the  wells  of  South  Dakota.  In  general,  the  pressure 
declines  toward  the  margin  of  the  water-bearing  strata.  This  is  readily 
explained,  as  noted  above,  in  the  shallow  basins  by  supposing  that  the 
water  is  moving  as  a  slow  current  toward  leaks  along  the  margin  of 
the  formation  where  it  joins  the  older  rocks  or  where  fissures  may  con- 
nect it  with  the  bottom  of  streams.  Ektch  flow,  in  general,  shows  this 
same  decline  in  pressure  toward  the  northeast. 

Moreover,  from  what  we  have  said  about  the  relation  of  the  Dakota 
sandstone  to  the  Sioux  quartzite  and  Colorado  clays,  oiie  can  easily 
understand  how  the  lower  flows  are  found  to  have  higher  pressure. 
Their  leakage  is  much  less  free.  Upon  the  map  (PL  II)  there  are  con- 
tours representing  the  altitude  of  '^  head,'^  which  in  its  downward  slope 
east  may  be  regarded  as  a  ^^ hydraulic  gradient.''  From  the  nature 
of  the  case,  it  would  be  impossible  to  represent  the  pressure  for  each 
water-bearing  stratum,  and  we  have  therefore  taken  the  data  from  the 
more  important  wells;  or,  in  other  words,  the  lines  of  altitude  of 
"head"  may  be  taken  as  representing  the  relative  pressure  in  the 
more  available  and  accessible  stratum.  It  is  not  unlikely  that  the 
sinking  of  wells  300  to  500  feet  in  depth,  to  the  third  or  fourth  flow, 
may  show  considerably  increased  pressures.  It  will  be  observed  that 
the  lines  have  a  distinct  curve  toward  the  south  and  east  This  may 
be  ascribed,  especially  in  the  case  of  the  1,400-foot  line,  to  the  fact  of 
locally  increased  leakage  along  the  James  River  Valley,  together  with 
the  general  diminution  of  supply  to  the  south  and  east  in  eastern  South 
Dakota. 

The  pressure  in  the  wells  of  this  area  has  not  been  very  generally 
noted.  Many  of  the  wells  are  small  and  intended  simply  for  farm 
supply,  so  that  the  pressure  has  not  been  an  important  consideration. 
At  Tripp  the  pressure  was  10  pounds  and  at  Scotland  perhaps  4  or  5 
pounds,  soon  after  the  wells  were  finished,  but  at  present  they  bareh' 
flow.  The  wells  southeast  of  Parkston  are  reported  to  have  a  pressure 
of  40  pounds,  and  at  that  place  55  pounds  has  been  recorded  recently. 

VARIATION  OF  PfiBBBUBX. 

This  brings  us  to  a  consideration  of  certain  influences  that  affect 
pressure.  Under  this  head  we  shall  consider,  briefly,  a  variety  of 
influences  that  have  been  found  to  affect  pressure,  and  will  give  others 
the  cause  of  which  has  not  been  discovered. 

(1)  Variation  in  adjacent  wells.  Places  are  not  infrequent,  although 
not  notable  in  this  area,  where  wells  at  nearly  the  same  point  have 
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widely  different  pressure.  In  some  cases  it  is  evident  that  the  wells 
are  supplied  from  different  sources  or  flows.  This  conceivably  may  be 
true,  even  when  the  water  is  from  the  same  depth;  for,  as  before  stated, 
the  water-bearing  strata  branch,  and  do  not  always  extend  upon  the 
same  level.  More  frequently,  however,  these  wide  local  variations  are 
due  to  the  pressure  from  the  stronger  flow  expending  itself  along  the 
outride  of  the  pipe  into  an  upper  stratum  of  less  pressure. 

(2)  Variation  in  the  same  well  at  different  depths.  This  need  not  be 
dwelt  upon,  for  we  have  already  explained  how  lower  strata  are  more 
perfectly  sealed  on  their  eastward  margin  and  therefore  display  higher 
pressure. 

(3)  Variations  in  the  same  well  because  of  wells  in  the  vicinity.  The  , 
distance  to  which  the  influence  of  the  escape  of  water  from  a  well 
extends  ma}'  reasonably  be  supposed  to  be  directly  proportional  to  the 
amount  of  water  discharged.  We  may  conceive  that  the  flow  of  the 
well  produces  a  depression  in  the  surface,  or  "  head,"  so  to  speak,  pro- 
portional to  the  amount  of  water  discharged,  somewhat  as  in  the  case 
of  an  opening  in  the  bottom  of  a  reservoir.  If  the  flow  is  rapid  the 
depression  may  be  great,  so  that  if  the  well  is  closed  its  pressure  will 
be  at  first,  perhaps,  several  pounds  below  the  original  pressure,  but  as 
the  water  flows  in  from  adjacent  areas  the  pressure  in  the  well  will 
gradually  regain  its  former  amount.  So,  if  two  wells  are  near  each 
other,  we  can  not  expect  that  the  closed  pressure  of  one  will  approach 
very  closely  to  the  original  figure  if  the  other  is  left  open. 

(4)  Effect  from  varying  barometer.  As  the  pressure  taken  is  with 
a  gage  affected  by  the  pressure  of  the  air,  it  follows  that  when  the 
barometer  is  high  the  pressure  of  the  fluid  within  will  be  correspond- 
ingly diminished.  The  influence  is,  of  course,  slight,  and  will  be  over- 
looked unless  the  pressure  in  the  well  is  very  weak.  Under  such 
circumstances,  however,  an  increase  of  the  pressure  of  the  air  may 
sometimes  be  suflicient  to  stop  the  flow  and,  conversely,  a  low  barometer 
may  increase  the  flow. 

(5)  Periodic  variations.  In  a  number  of  the  weaker  wells  there  has 
not  only  been  a  decline  of  pressure,  but  from  time  to  time  an  increase. 
This  increase  has  been  in  some  cases  related  to  the  time  of  year,  the 
spring  being  sometimes  marked  by  a  stronger  flow.  This  again  varies 
according  to  years,  and  it  is  believed  to  be  most  satisfactorily  explained 
by  supposing  that  the  water  is  obtained  from  the  melting  of  snows  or 
from  streams  subject  to  floods. 

(6)  Effect  of  varying  leakage  in  the  vicinity.  This  has  been  observed 
in  wells  near  the  Missouri  River.  When  the  river  is  high  the  pressure 
in  the  wells  increases.  It  is  easily  explained  by  supposing  that  there 
are  points  of  leakage  underneath  the  surface  of  the  river,  and  that  the 
increase  of  hydrostatic  pressure  from  the  stream  checks  the  leakage  to 
such  an  extent  that  it  increases  the  pressure  in  adjacent  wells.     While 
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this  has  not  been  noted  in  the  area,  it  is  not  improbable  that  examples 
occur  near  the  James  River.  This  variation,  of  course,  is  slight,  and 
would  be  unnoticed  except  in  very  weak  wells. 

Upon  the  map  (PI.  II)  approximate  depth  to  the  surface  of  the  Dakota 
sandstone  is  represented.  As  was  stated  in  the  discussion  of  that 
formation,  this  does  not  always  directly  mark  the  upper  limits,  but 
more  definitely  the  level  from  which  flowing  wells  may  be  obtainetl. 
In  cases  where  water  is  not  found  at  the  depth  indicated  the  boriii<^ 
may  be  hopefully  carried  through  lower  horizons  to  bed  rock,  the  depth 
of  which  is  shown  on  PI.  IV.  In  the  southeastern  corner  of  the  area 
and  along  its  western  side  the  Dakota  sandstone  is  thicker  and  probably 
carries  more  water-bearing  strata. 

HINTS  ON   THE   CONSTRUCTION  OF  WELLS. 

Although  the  practical  application  of  the  following  hints  belongs  to 
the  work  of  the  well-borer,  and  may  be  discussed  more  efficiently  from 
the  standpoint  of  an  engineer,  yet  they  may  be  advantageously  noted 
here  in  connection  with  the  geological  facts. 

(1)  Since  the  pressure  in  the  upper  flows  is  less  than  in  the  lower  by 
many  pounds  to  the  inch,  it  is  very  important  that  the  communication 
between  the  lower  flows  and  the  higher  should  be  entirel}^  cut  off. 
Otherwise  the  full  pressure  from  the  lower  stratum  will  not  be  observed 
at  the  mouth  of  the  well,  but  will  expend  itself  by  leaking  into  the 
strata  below  the  surface.  The  desire  of  the  well-digger  to  keep  his 
pipe  loose  may  tempt  him  to  leave  the  bore  too  large — hence  the  danger 
we  speak  of. 

(2)  It  is  very  desirable  that  the  larger  pipe  lining  the  bore  be  finnly 
fixed  in  the  hard  stratum  above  the  water-bearing  rock.  This  ma}^  be 
done  in  most  localities,  as  a  compact  stone  is  found  just  above  the 
porous  sands  which  bring  the  water.  Much  depends  upon  this,  for  if 
a  pipe  be  left  loose,  and  the  opening  in  the  rock  left  incompletely 
stopped,  water  is  likely  to  escape  around  the  pipe  and,  if  not  checked, 

may  eventually  destroy  the  well. 

(3)  A  well  should  be  sunk  as  rapidly  as  consistent  with  good  work, 

especially  after  water  has  been  reached.  Otherwise,  the  great  pres- 
sure of  the  water  may  cause  it  to  erode  an  irregular  opening  and 
prevent  the  accomplishment  of  the  two  points  already  given. 

PERMANENCE   OF  ARTESIAN    SUPPLY. 

All  natural  products  are  liable  to  exhaustion.  With  gold,  coal, 
and  other  metallic  products  no  general  rules  can  be  laid  down  by  which 
we  may  foretell  how  soon  the  supply  may  fail.  With  water  it  is 
otherwise.  As  we  have  already  said,  multiplication  of  wells  must 
tend  to  exhaustion.     If,  however,  the  loss  by  wells  and  leakage  does 
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not  exceed  the  annual  supply  which  enters  the  formation  on  the  west, 
an  equilibrium  may  be  gained  which  will  be  as  constant  as  in  a  river. 
It  may  be  expected  to  have  similar  fluctuations.  At  present  the  pres- 
sure in  wells  in  the  area  discussed  is  generally  slightly  declining. 
Some  wells  of  original  low  pressure  have  ceased  to  flow,  as  at  Scot- 
land, Tripp,  in  sec.  12,  T.  96  N.,  R.  56  W.,  and  in  other  places,  but 
the  great  majority  have  failed  but  little.  There  is  no  apprehension 
of  early  failure. 

From  the  sheet-like  foi*m  of  the  water  strata  and  their  nearly  hori- 
zontal position,  the  decline  of  pressure  will  necessarily  be  very  regu- 
lar and  gradual.  If,  to  illustrate,  a  well  having  a  pressure  of  50 
pounds  should  show  a  decline  of  2  pounds  a  year,  under  similar  condi- 
tions it  would  last  twenty -five  years  with  gradually  decreasing  flow. 
Moreover,  it  is  possible,  if  not  probable,  from  the  wide  extent  of  the 
Dakota  sandstone  at  high  altitudes  toward  the  west,  that  there  is  a 
reserve  supply  which  may  become  more  available  as  the  head  declines. 

Many  of  the  reported  cases  of  failure  from  other  portions  of  the 
artesian  area  have  been  shown  to  be  due  to  stoppage  by  sand  or  to  sub- 
terranean leakage  resulting  from  the  rusting  of  the  pipe  or  imperfect 
construction,  and  sometimes  from  the  breaking  of  the  pipe  by  caving. 

Until  more  is  known  of  the  circumstances  controlling  the  supply 
little  more  can  be  said  upon  this  point 


t . 


34  INDEX. 

Till,  ezten t  and  character  of 18-20  |  Waters,  nnderffround ,  consideration  of  ... .  24-31 

map  showing  depths  to  waters  at  base  of      16     Wells,  hints  on  construction  of 38 

Tripp,  log  of  well  at 20  |         logsof....' 18,20,2* 

pressure  in  wells  at 28           pressurein 2B^ 

Turkey  Creek.  Pierre  shale  on 17  \  Wells,  artesian,  source  of 25-11 

Tertiary  deposits  on 17  i  Winchell.  N.  H.,  cited  on  fossils  In  Sioux 

Turkey  Ridge,  bowlders  on 19,               quartzite 11 

sand  deposits  on 17     White,  C.  A.,  formation  named  by it 

Twelvemile  Creek,  Dakota  sandstone  on  . . .  13. 14  '  Wolf  Creek,  glacial  deposits  on ]{ 

Vodnany,  log  of  well  at 20  {  Wolf  Creek  colony,  thickness  of  till  near. . .      9| 

Waters,  surface,  consideration  of 22-24     Yankton  County,  logs  of  wells  in 4 

o 


Tf 


DEPABTMEHT    OF    THE    INTEBIOE 


WATER-SUPPLY 


IRRIGATION   PAPERS 


UNITED  STATES  GEOLOGICAL  SDRVEY 


N'o.  35 


WASHraOTON 

GOVERNMENT    PRINTING    OFFICE 

1900 


UNITED  STATES  GEOLOGICAL  SITEVBT 

CEAIILES  D.  TALCOTT,  DIBKCTOR 


OPERATIONS  AT  RIVER  STATIONS,  1899 

A  REPORT  OF  THE 

DIVISION  OF  HYDROGRAPHY 

or  TEK 

UNITED  STATES  GEOLOGICAL  SURVEY 
P^RT    I 


WASHINGTON 

QOTBSNMBNT  PEINTIMG  OFFIOB 

1900 


CONTENTS 


Page. 

Letter  of  transmittal 7 

Introdnctioii  ^ 9 

Acknowledgments 10 

Classification  of  field  work 11 

Accnracy  of  resnlts - 13 

Expense  of  maintaining  stations 18 

Determination  of  discharge  from  slope. 15 

Estimation  of  discharges  at  milldams ^ 19 

Turbidity 24 

Measurements  at  river  stations 25 

Kennebec  River  at  Wateryille,  Maine 25 

Androscoggin  River  at  Rmnford  Falls,  Maine 27 

Cobbosseecontee  River  at  reservoir  dam  near  Angnsta,  Maine 28 

Merrimac  River  at  Manchester,  New  Hampshire 34 

Merrimac  River  at  Lawrence,  Massachusetts 84 

Nashua  River  at  Clinton,  Massachusetts 86 

Sudbury  River 37 

Lake  Cochituate 87 

Mystic  Lake 89 

Connecticut  River  at  Holyoke,  Massachusetts 40 

Connecticut  River  at  Hartford,  Connecticut- 42 

^Mohawk  River  at  Ridge  Mills,  New  York 45 

Ninemile  Creek  near  Stittville,  New  York- 46 

Oriskany  Creek  at  Coleman,  New  York 47 

Oriskany  Creek  at  Oriskany,  New  York 47 

Sauquoit  Creek  at  New  York  Mills,  New  York 48 

West  Canada  Creek  at  Middleville,  New  York 49 

•  Mohawk  River  at  Little  Falls,  New  York 51 

East  Canada  Creek  at  Dolgeville,  New  York 52 

Qaroga  Creek  at  Fort  Plain,  New  York 53 

Cayadutta  Creek  at  Johnstown,  New  York.. 58 

Schoharie  Creek  at  Fort  Hunter,  New  York 54 

•  Mohawk  River  at  Schenectady,  New  York 55 

•  Mohawk  River  at  Rexford  Flats,  New  York 57 

Schroon  River  at  Warrensburg,  New  York 58 

Hudson  River  at  Fort  Edward,  New  York 58 

Hudson  River  at  Mechanicville,  New  York 68 

Sawkill  River  near  Kingston,  New  York 61 

Croton  River 62 

Delaware  River  at  Lambertville,  New  Jersey 62 

Tohickon  Creek  at  Point  Pleasant,  Pennsylvania 64 

Neshaminy  Creek  at  Forks,  Pennsylvania 64 

5 


6  CONTENTS. 

Measurements  at  river  stations — Continiiad.  Page. 

Perkiomen  Creek  at  Frederick,  Pennsylvania 65 

Wissahickon  Creek  near  Philadelplua,  Pennsylvania 74 

Schnylkill  River  near  Philadelphia,  Pennsylvania 74 

North  Branch  of  Susquehanna  River  at  Wilkesbarre,  Pennsylvania 75 

North  Branch  of  Susquehanna  River  at  Danville,  Pennsylvania 77 

West  Branch  of  Susquehanna  River  at  Allenwood,  Pennsylvania 78 

Juniata  River  at  Newport,  Pennsylvania 79 

Susquehanna  River  at  Harrisburg,  Pennsylvania 80 

Octoraro  Creek  at  RowlandsvUle,  Maryland 81 

Patapsco  River  at  Woodstock,  Maryland 83 

North  Branch  of  Potomac  River  at  Piedmont,  West  Virginia 84 

South  Branch  of  Potomac  River  at  Springfield,  West  Virginia 85 

Antietam  Creek  at  Sharpsburg,  Maryland 86 

North  and  South  rivers  at  Port  Republic,  Virginia 86 

North  Branch  of  Shenandoah  River  at  Riverton,  Virginia 88 

South  Branch  of  Shenandoah  River  at  Front  Royal,  Virginia 89 

Shenandoah  River  at  Millville,  West  Virginia 90 

Potomac  River  at  Point  of  Rocks,  Maryland 91 

Monocacy  River  at  Frederick,  Maryland 93 

Rock  Creek  at  Zoological  Park,  District  of  Columbia 94 

North  Anna  River,  Virginia 95 

North  River  at  Glasgow,  Virg^ia 95 

James  River  at  Buchanan,  Virginia 97 

Jalnes  River  at  Cartersville,  Virginia 98 


LETTER  OF  TRANSMITTAL. 


Dbpartment  of  thb  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 

Wilshingtony  March  1,  1900, 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  giving  the 
results  of  operations  at  the  river  stations  in  the  eastern  portion  of  the 
country  during  the  calendar  year  1899,  together  with  related  data,  for 
publication  in  the  series  of  papers  upon  water  supply  and  irrigation. 
The  data  for  the  central  and  western  portions  of  the  country  will  be 
transmitted  as  the  succeeding  numbers  of  the  series. 
Very  respectfully, 

F.  H.  Newell, 
Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PART  I. 


INTRODUCTION. 

The  following  pages  contain  descriptions  of  the  river  stations  main- 
tained during  1899  by  the  United  States  Geological  Survey,  together 
with  tables  of  the  average  daily  height  of  water  and  results  of  meas- 
urements of  discharge.  The  rating  tables  constructed  from  the  latter 
and  applicable  in  general  for  the  calendar  year  will  be  given  at  the 
end  of  the  publication.  Similar  facts  have  been  printed  for  the  year 
1896  in  Water-Supply  Paper  No.  11,  for  1897  in  Water-Supply  Papers 
Nos.  15  and  16,  and  for  1898  in  Water-Supply  Papers  Nos.  27  and  28. 
The  stations  have  been,  arranged  in  geographic  order.  A  description 
of  each  station  is  given,  together  with  all  of  the  discharge  measure- 
ments, followed  by  the  tables  of  gage  heights  and  ratings. 

The  material  above  noted  consists  essentially  of  the  results  of 
operations  at  the  river  stations,  and  forms  the  basis  for  computations 
of  daily,  monthly,  and  annual  flow.  In  order  to  make  these  neces- 
sary computations  considerable  time  and  labor  is  involved  and  the 
resulting  facts  can  be  most  clearly  and  concisely  given  by  diagrams. 
The  preparation  of  the  computations  and  the  diagrams  necessitates 
unavoidable  delays,  and  therefore  it  has  been  the  custom  to  present 
the  facts,  such  as  are  given  herewith,  as  soon  as  possible  after  the 
close  of  the  calendar  year,  so  that  the  original  data  may  be  available 
at  an  early  date  td  all  who  are  concerned  with  their  use.  While  these 
original  figures  are  being  printed  the  computations  of  final  result-s 
are  being  prepared,  and,  with  the  illustrations,  have  in  the  past  been 
made  to  form  a  part  of  the  annual  report  of  the  Director  of  the 
Geological  Survey.  For  example,  the  results  for  1896,  mentioned 
above,  as  given  in  Water-Supply  Paper  No.  11,  are  fully  discussed 
in  Part  IV  of  the  Eighteenth  Annual  Report;  the  original  data  for 
1897,  given  in  Water-Supply  Papers  Nos.  15  and  16,  are  published  in 
final  form  in  the  Nineteenth  Annual  Report,  Part  IV,  and  the  data 
for  1898,  given  in  Water-Supply  Papers  Nos.  27  and  28,  are  published 
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in  the  Twentieth  Annual  Report,  Part  IV.  In  the  same  way  the  fig- 
ures herewith  given  form  the  basis  for  conclusions  being  prepared  for 
publication  in  Part  IV  of  the  Twenty-fii-st  Annual  Report. 

AOKNOWLBDOMENTS. 

Most  of  the  measurements  herewith  presented  have  been  obtained 
through  local  hydrographers,  a  comparatively  small  part  of  the  work 
having  been  conducted  directly  from  the  office  of  the  Greological  Sur- 
vey at  Washington.  Acknowledgment  is  therefore  due  to  each  of 
these  persons  individually.  Thanks  should  also  be  extended  to  indi- 
viduals and  corporations  who  have  cooperated  in  various  ways,  either 
by  furnishing  readings  of  height  of  water  or  assisting  in  transporta- 
tion. The  following  list  gives  the  names  of  the  resident  hydrographers 
or  persons  cooperating,  this  being  arranged  alphabetically  by  States* 

Arizona:  W.  A.  Farish,  civil  engineer,  Phenix. 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  civil  engineer,  Denver. 

Georgia  and  Alabama:  Prof.  B.  M.  Hall,  civil  engineer,  Atlanta, 
and  Prof.  W.  S.  Yeates,  State  geologist,  Atlanta. 

Idaho:  N.  S.  Dils,  civil  engineer,  Caldwell. 

Kansas:  W.  G.  Russell,  Russell;  Prof.  E.  C.  Murphy, State  Univer- 
sity, Lawrence. 

Maryland:  Prof.  W.  B.  Clark,  State  geologist,  Baltimore. 

Montana:  S.  M.  Emery,  director  experiment<6tation,  Bozeman;  Prof. 
Samuel  Fortier,  Bozeman;  Prof.  Fred.  D.  Smith,  Missoula. 

Nebraska:  Prof.  O.  V.  P.  Stout,  State  University,  Lincoln,  assisted 
by  Adna  Dobson  and  Glenn  E.  Smith. 

Nevada:  L.  H.  Taylor,  civil  engineer,  Golconda. 

New  Mexico:  P.  E.  Harroun,  civil  engineer,  Albuquerque. 

North  and  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist, 
Chapel  Hill,  North  Carolina,  assisted  by  1^.  W.  Myers. 

Texas:  Prof.  Thomas  U.  Taylor,  State  University,  Austin. 

Utah:  Prof.  Samuel  Fortier,  civil  engineer,  Corinne,  assisted  by 
J.  L.  Rhead  and  J.  S.  Baker;  later.  Prof.  George  L.  Sw^idsen,  Logan. 

Virginia  and  West  Virginia:  Prof.  D.  C.  Humphreys,  Washington 
and  Lee  University,  Lexington,  Virginia. 

Washington:  Sydney  Arnold,  civil  engineer.  North  Yakima;  Wil- 
liam J.  Ware,  civil  engineer.  Port  Angeles. 

Wyoming:  A.  J.  Parshall,  civil  engineer,  Cheyenne. 

In  a  number  of  instances  related  data  have  been  inserted,  such,  for 
example,  as  results  of  computation  of  daily  flow  at  mill  dams,  made 
by  local  engineers,  and  data  of  river  heights  obtained  from  the  United 
States  Weather  Bureau,  or  Corps  of  Engineers,  United  States  Army. 
Reference  to  these  facts,  mainly  unpublished,  has  been,  or  will  be, 
made  in  other  publications  of  this  survey,  and  they  are  therefore 
placed  in  consecutive  order  for  convenience  of  reference. 

The  methods  of  measuring  the  discharge  of  various  streams  and  of 
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preparing  the  computations  have  been  described  on  pages  18  to  30  of 
the  Nineteenth  Annual  Report,  Part  lY,  and  on  pages  20  to  22  of  the 
Twentieth  Annual  Report,  Part  IV.  The  tables  used  in  facilitating 
computations  are  also  given  on  pages  29  to  32  of  Bulletin  No.  140. 

CLASSIFICATION  OF  FIELD  WORK. 

In  order  to  make  a  comprehensive  study  of  the  surface  waters  of 
the  United  States  four  classes  of  work  are  in  hand : 

1.  Maintenance  of  long-record  river  stations. 

2.  Maintenance  of  short-record  river  stations. 

3.  Reconnaissance  along  streams. 

4.  Detailed  reservoir  surveys. 

The  long-record  river  stations  are  designed  to  show  the  influence  of 
climatic  fluctuations  upon  the  volume  of  a  river  at  a  given  locality. 
Only  a  few  of  these  long-record  stations  can  be  maintained  in  any  one 
State  or  section.  Under  this  head  are  included  only  the  localities 
where  the  conditions  are  highly  favorable  for  accuracy  of  results  as 
famishing  a  standard  of  comparison.  At  such  x>oints  especial  care  is 
taken  to  verify  the  gage  readings  and  to  make  frequent  measurements 
of  discharge  to  give  assurance  that  the  rating  table  is  correct.  From 
the  results  obtained  here  it  is  possible  to  compare  one  year  with 
another  and  ascertain  which  are  years  of  high  or  low  water  or  of 
medium  flow. 

The  short-record  river  stations  are  established  for  the  purpose  of 
obtaining  the  flow  at  a  given  point  for  a  short  period.  Each  short- 
record  station  is  discontinued  as  soon  as  the  results  are  considered 
sufficient  for  probable  industrial  development.  Reasonable  care  is 
taken  to  verify  the  results  at  these  stations,  but  necessarily  not  the 
same  refinement  needed  as  in  the  case  of  the  long-record  stations. 

Reconnaissance  along  important  streams  is  systematically  carried 
forward  whenever  the  season  is  favorable,  preferably  during  low 
water.  Measurements  of  discharge  are  made  wherever  practicable 
during  the  progress  of  this  work  and  observation  of  height  main- 
tained at  some  one  point  during  the  time  of  the  reconnaissance.  At 
ijni)ortant  x>oints  level  lines  are  run  to  obtain  the  fall,  particularly 
where  water  power  may  be  developed. 

Reservoir  sites  are  being  examined  and  surveyed  in  various  parts 
of  the  country  whenever  suitable  localities  are  discovered  bj^  recon- 
naissance or  are  brought  to  attention  in  other  ways.  Contour  maps 
are  prepared  of  the  lands  to  be  flooded,  showing  the  capacity  of  the 
reservoir  at  various  depths.  More  detailed  surveys  are  also  made  at 
the  dam  sites,  and  in  some  cases  holes  drilled  down  to  and  into  the 
bed  rock  to  ascertain  the  character  of  the  foundations.  From  the 
information  thus  objbained  estimates  of  cost  are  made.  The' matter  is 
more  f uDy  described  in  the  Twentieth  Annual  Report,  Part  IV,  pages 
25  to  43. 
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ACCURACY  OF  RESULTS. 

In  making  the  survey  and  examinations  of  the  flow  of  streams  in 
varioos  parts  of  the  United  States  the  object  in  view  has  been  to 
obtain  facts  of  general  application  at  a  cost  commensurate  with  the 
probable  application  of  the  results.  It  is  recognized  that  with  a  given 
expenditure  the  number  of  ^  measurements  made  will  depend  largely 
upon  the  accuracy  and  precautions  employed,  and  the  question  at 
once  arises  as  to  what  degree  of  precision  should  be  sought.  For 
example,  to  ascertain  the  flow  of  water  at  a  certain  point  within  5  per 
cent  of  the  actual  flow  may  cost  tlO;  within  3  per  cent,  $26;  within 
2  per  cent,  $100,  and  so  on,  the  cost  increasing  in  an  ascending  ratio 
as  an  approach  is  made  to  absolute  accuracy.  In  the  example  given 
it  is  a  matter  of  judgment  whether  to  make  measurements  at  a  cost  of 
♦100  at  ten  points  within  5  per  cent  of  the  flow,  or  at  one  point  within 
2  per  cent.  For  general  information  concerning  the  hydrography  of 
the  country,  such  as  that  sought  by  this  survey,  it  is  obvious  that  the 
measurements  at  the  ten  points  are  better  than  the  single  measure- 
ment of  greater  accuracy;  on  the  other  hand,  conditions  may  be 
imagined,  for  example,  where  water  or  power  is  being  purchased, 
when  the  more  expensive  single  measurement  is  important. 

It  is  impracticable  to  assign  deflnite  limits  to  the  degree  of  accuracy 
of  the  measurements  and  computations  of  river  flow,  since  circum- 
stances vary  widely,  but  as  a  rule  the  limit  has  been  set,  as  above 
stated,  that  they  shall  be  within  the  range  of  ordinary  practical 
application.  The  low-water  flow  or  the  floods  of  a  given  season  are 
never  repeated,  being  higher  or  lower  in  subsequent  years.  By  con- 
tinuing measurements  through  a  decade  the  range  within  general 
limits  is  known,  but  may  be  passed  during  the  succeeding  decade. 
Great  accuracy,  therefore,  in  ascertaining  the  flow  at  i  j^y  given  time 
is  not  necessary  for  drawing  general  conclusions,  as  varu!^  assump- 
tions must  enter  to  modify  the  application  of  the  facts.        ^ 

In  stating  results  of  discharge  measurements  whole  numt^  ^*^® 
been  used  and  decimals  dropi)ed  from  the  figures  obtained  by  ^^aP^' 
tation.     This  rule  is  applied  in  all  cases  where  the  flow  exce*^ 
cubic  feet  per  second;  where  it  is  less  than  this  decimals  may  oi^*^ 
not  be  used,  although  even  here  a  false  conception  of  accuracy  ma^  *^ 
given.    In  obtaining  averages  or  totals  representing  the  flow  throi? 
considerable  periods  of  time  there  may  be  some  discrepancies  involv 
through  this  omission  of  fractions,  but  it  is  not  believed  that  ti 
practical  value  of  the  work  can  be  improved  by  introducing  into  th 
computation  a  higher  degree  of  reflnement  than  is  possible  or  desirabl 
in  the  field  work. 
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EXPENSE  OF  MAINTAINING  STATIONS. 

During  1899  blank  forms  wefe  sent  to  all  resident  hydrographers  of 
the  Geological  Survey,  with  the  request  that  they  give  a  full  descrip- 
tion of  each  station,  with  reasons  for  its  establishment  and  mainte- 
nance, together  with  an  itemized  statement  of  the  costs  incurred  in 
making  the  measurements  and  in  computing  the  results.  These  esti- 
mates have  been  compared  with  the  actual  expense  incurred  during 
the  calendar  year,  and  the  results  have  been  analyzed  to  ascertain 
what  may  be  called  the  normal  cost  of  maintaining  river  stations  in 
various  i>arts  of  the  United  States,  and  to  ascertain  which  of  the  sta- 
tions were  requiring  an  exx>enditure  out  of  proportion  to  the  value  of 
the  results. 

Whenever  the  cost  of  a  station  is  excessive,  a  careful  study  of  the 
necessity  of  that  station  has  been  made  to  determine  whether  the  data 
obtained  are  of  suf&cient  value  to  warrant  the  extra  expenditure.  In 
a  few  cases  it  has  seemed  advisable  to  discontinue  stations  on  account 
of  the  expense  of  maintenance;  but  on  the  whole  the  result  ot  the 
analysis  haJ9  been  gratifying,  inasmuch  as  it  has  shown  very  few  sta- 
tions which  could  be  considered  excessively  expensive,  and  in  most  of 
these  cases  the  results  obtained  have  been  considered  sufficiently 
valuable  to  warrant  their  continuance. 

The  conditions  obtaining  in  the  various  parts  of  the  country  are  so 
different  that  the  annual  cost  of  maintenance  is  not  fairly  compara- 
ble. This  difference  is  due  to  several  causes,  the  chief  of  which  is 
the  great  distance  between  stations  in  some  of  the  Western  States 
when  compared  with  stations  in  the  Eastern  States.  This  makes 
additional  expense  for  railroad  fare  and  also  for  services  for  the 
increased  time  spent  in  traveling.  In  most  States  passes  are  granted 
the  hydrographers  by  the  railroad  companies  '^hen  upon  official  busi- 
ness, but  this  is  not  true  in  all  States.  The  beds  of  some  rivers  are 
rocky  and  permanent  in  character,  necessitating  only  a  few  measure- 
ments a  year,  while  others  are  sandy  and  shifting,  requiring  many 
measurements  in  order  to  construct  discharge  curves  of  any  value. 
An  extreme  example  of  the  latter  case  is  the  Gila  River  upon  which 
measurements  were  made  nearly  every  day  in  the  year.  The  pay  of 
the  local  observer  varies  with  the  distance  he  is  obliged  to  travel  daily 
to  reach  the  gage. 

For  the  reasons  given  above,  the  country  has  been  divided  into  sev- 
eral sections  according  to  the  conditions  at  the  stations.  All  of  the 
stations  in  the  States  bordering  on  the  Atlantic  Ocean  are  considered 
ixL  one  class.  These  are  57  in  number  and  are  under  the  charge  of  4 
*esident  hydrographers.  The  rivers  in  the  northern  part  of  this  sec- 
tion, as  far  Qouth  as  Virginia,  have  as  a  rule  been  gaged  at  points 
where  their  beds  are  rocky,  and  require  only  about  4  measurements  a 
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year  in  order  to  construct  reliable  discharge  cnryes,  as  the  corves  con- 
structed in  the  previous  years  need  few  changes.  South  of  Virginia 
the  gagings  have  been  made  where  th^beds  of  the  rivers  are  for  tlie 
most  part  soft  and  changeable,  requiring  from  6  to  8  measurements  a 
year. 

The  normal  cost  of  each  gaging  in  the  Atlantic  States  is  $11.50. 
This  includes  every  expense  incident  to  the  gaging,  and  may  be 
divided  approximately  as  follows: 

Hydrographer*B  services  in  the  field , $5.00 

Hydrographer*B  services  for  computation 2.00 

SOTvices  of  assistant 50 

CkMst  of  local  transportation 1.00 

Smidry  expenses,  including  board,  lodging,  etc 8.00 

Total 11.50 

Hydrographers  are  obliged  to  travel,  on  the  average,  200  miles  for 
each  gaging,  but  with  few  exceptions  passes  have  been  granted. 

The  pay  of  the  observer  averages  $36  a  year.  This  makes  the  total 
cost  of  an  ordinary  station  in  the  Atlantic  States  $82  if  4  gagings  are 
made  during  the  year  and  $105  if  6  gagings  are  made. 

The  river  stations  in  Kansas  and  Nebraska  are  in  general  under  the 
same  conditions,  and  are  here  considered  together.  The  river  beds 
are  more  or  less  changeable,  so  that,  in  order  to  obtain  reliable  dis- 
charge curves,  it  is  necessary  to  make  from  10  to  20  gagings  a  year  at 
each  station,  with  an  average  of  about  12.  The  normal  cost  of  each 
gt^ing  is  $12,  divided  in  about  the  same  proportion  as  in  the  Atlantic 
States.  For  the  ordinary  stations,  therefore,  the  total  cost  of  gaging 
for  one  year  would  be  $144,  and  adding  $40,  the  average  cost  of 
observers'  services  for  one  year  in  this  section,  gives  $184  as  the  total 
cost  of  maintaining  the  station. 

In  Colorado  the  character  of  the  river  beds  varies  considerably  in 
the  different  parts  of  the  State.  Some  have  a  rocky,  permanent  bed, 
and  others  a  soft,  changeable  one,  requiring  frequent  gagings.  For 
this  reason  the  number  of  gagings  required  each  year  at  the  different 
stations  varies  from  2  to  10,  with  an  average  of  about  6.  The  average 
cost  of  making  a  measurement  is  $13;  the  average  cost  of  observa- 
tions is  $30,  making  a  total  cost  of  $108  for  one  year.  The  exi)ense 
incurred  in  1899  has  not  been  as  great  as[  here  mentioned,  as  fewer 
measurements  per  year  have  been  made. 

In  Montana,  at  those  stations  under  the  charge  of  Prof.  Fred.  D. 
Smith,  from  whom  reports  have  been  received,  the  average  cost  of  a 
gaging  is  found  to  be  $10;  and  allowing  10  measurements  a  year  and 
$30  for  observations,  the  normal  cost  of  maintaining  a  station  for  one 
year  is  $130. 

In  Wyoming  the  average  cost  of  gagings  is  $30.  Allowing  7  measure- 
ments jA  year  and  $26  for  observations,  this  makes  $236  as  the  normal 
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cost  of  maintaining  a  station  for  one  year.  This  large  expenditure  is 
necessitated  by  the  great  distances  traveled. 

In  Idaho  the  average  cost  of  making  a  gaging  is  $20.  Allowing  6 
measurements  a  year  at  each  station  and  $36  for  observers,  we  have 
$156  as  the  normal  cost  of  each  station  for  one  year. 

In  California  we  can  say,  roughly,  that  the  average  cost  of  a  gaging 
is  $30,  and  making  10  measurements  a  year;  and  paying  $36  for  observ- 
ers, we  have  a  total  cost  of  $336  a  year  as  the  expense  of  maintaining 
a  station. 

These  comparisons  have  been  made  in  order  that  some  idea  might 
be  obtained  as  to  the  proper  cost  of  maintaining  stations.  If  the  cost 
of  any  particular  station  is  much  higher  than  the  normal  cost  of  sta- 
tions in  that  section,  it  is  important  that  a  careful  study  be  made  to 
determine  whether  or  not  the  measurements  are  of  such  value  as  to 
warrant  the  additional  expenditure.  If  not,  the  station  should  be 
discontinued. 

DETERMINATION  OP  l>ISGHAROE  PROM  SLOPE. 

At  various  times  attempts  have  been  made  to  obtain  data  as  to 
slope  or  fall  per  mile  of  the  water  surface  of  various  rivers,  in  order 
to  use  this  factor  in  estimates  of  the  flow  of  the  stream,  and  thus  make 
comparison  with  the  discharge  as  measured  by  current  meters.  It 
has  been  quite  difficult,  however,  to  do  this,  and  the  results  have  been 
somewhat  unsatisfactory,  owing  to  the  uncertainty  in  determining 
the  slope  of  the  stream,  considerable  latitude  of  judgment  being 
possible. 

Careful  leveling  along  the  banks  of  most  streams  of  moderate  size 
shows  that  the  water  surface  is  alternately  approximately  level,  then 
has  a  distinct  fall,  and  again  is  nearly  level;  in  other  words,  as 
expressed  in  the  South,  the  stream  consists  alternately  of  pools  and 
riffles.  These  may  be  imperceptible  to  the  eye,  but  are  detected  by 
careful  leveling.  In  determining  the  slope  of  the  stream  the  question 
therefore  arises  as  to  whether  this  shall  be  determined  for  the  imme- 
diate proximity  of  a  given  cross  section,  either  at  a  pool  or  a  riffle,  or 
be  taken  to  include  a  number  of  these,  and  thus  extend  several  thou- 
sand feet  or  even  several  miles.  On  the  selection  of  this  distance 
depends,  to  a  large  extent,  the  slope  of  the  stream,  the  amount  vary- 
ing within  wide  limits. 

The  desirability  of  again  taking  up  this  matter  was  brought  to  the 
attention  of  this  office  in  July,  1899,  by  Mr.  Desmond  FitzGerald,  chief 
engineer,  to  the  special  commissioners  of  the  Chicago  Drainage  Canal. 
Instructions  were  sent  to  each  field  party  to  endeavoi  to  make  such 
measurements  wherever  it  could  be  done  without  notable  increase  of 
cost.  So  many  practical  difficulties  were  encountered  it  has  been  found 
tbat  for  these  observations  to  have  value  they  should  be  made  by  a 
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field  party  e8i)ecially  equipped  for  the  purpose  and  provided  with  appli- 
ances such  as  are  rarely  at  hand  in  making  ordinary  meter  measure- 
ments. 

A  few  such  measurements  were  made  during  the  past  season  by 
different  hydrographers,  and  they  will  now  be  considered.  The  fol- 
lowing abbreviations  will  be  used  in  this  connection:  D=discharge; 
A=area,  in  square  feet;  V= velocity,  in  feet  per  second;  W=width,  in 

feet,  or  practically  wetted  perimeter;  R=  ™-,  hydraulic  mean  radius; 

S=slope;  n=coef&cient  of  roughness.  Kutter's  formula  has  the 
form  V=CVR  S,  in  which  C  is  a  constant  to  be  found. 

Etowah  River  at  Canton^  Georgia. — On  September  5, 1899,  B.  M.  Hall 
made  a  survey  of  this  river  to  find  the  correct  value  of  n  for  a  1,500- 
foot  section  along  the  stream.  After  measuring  1,500  feet,  running 
levels,  and  placing  temporary  gage  at  upper  point,  he  did  not  have 
time  to  make  a  discharge  measurement,  but  applied  the  slope  to  the 
measurement  made  August  28,  1897,  when  the  following  were  found: 
Gage  height,  0.30. foot;  area,  423  square  feet;  mean  velocity,  1.061 
feet  per  second;  discharge,  449  second-feet.     The  slope  was  0.06  foot 

in  1,500  feet=0.00004.    W=115;  therefore  R=jj|=3.68,  and  ^|RS= 

0.012132.  Substituting  in  the  formula  V=CVRS",  we  get  C=87.4, 
and  from  the  table  in  Trautwine,  17th  edition,  page  276,  we  find 
n=0.022. 

Loup  River  at  Columbus,  Nebraska. — A  series  of  slope  measurements 
to  determine  the  value  of  n  were  made  by  Glenn  E.  Smith,  under  the 
direction  of  Prof.  O.  V.  P.  Stout,  of  the  University  of  Nebraska,  at 
the  gaging  station  on  Loup  River.  Gage  heights  were  taken  on  two 
gages,  the  auxiliary  gage  being  placed  1,200  feet  downstream  from 
the  main  gage  rod.     The  following  were  the  three  observations: 

Measurements  of  Loup  River  at  Columbus^  Nebraska^ 


Date. 

Main 

Lower 
gage. 

Width. 

Area. 

Mean 
velocity. 

Discharge. 

R 

1899. 
Sept.     3 
Sept.  17 
Oct.      5 

Feet. 
4.40 
4.40 
4.60 

Feet. 
3.30 
3.31 
3.52 

Feet. 
525 
525 
525 

Square 

feet, 

875 

826 

953 

Feet  per 
second. 

2.17 

2.23 

2.52 

Secotid-feet. 
1,902 
1,840 
2,402 

1.67 
1.57 
1.81 

The  following  are  the  computations  for  the  three  days:  September 
3;  S=^-^=0.00093;  11=1.67;  V=2.17.  Substituting  in  the  for- 
mula V=C'/R~S,  we  obtain  0=55. 0,  and  from  the  table  n=0.028. 

September  17:  S=0.00091;  R=1.57;  V=2.23.  C,  therefore,  =59.0 
and  n=0.026. 
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October  5:  8=0.00090;  R=1.81;  V=2.52.  C  is  found  to  equal  in 
this  case  62.3  and  n  s=:  0.026. 

Niobrara  River  at  Fort  Niobrara^  Nebraska, — ^The  following  table 
shows  the  results  of  similar  measurements  made  on  this  river  under 
the  direction  of  Professor  Stout.  All  gage  heights  are  referred  to  the 
zero  of  the  main  gage.  The  upper  auxiliary  gage  is  600  feet  above 
and  the  lower  auxiliary  gage  600  feet  below  the  main  rod. 

Measurements  of  Niobrara  River  at  Fort  Niobrara,  Nebraska, 


Date. 

Main 

Upper 
gage. 

Lower 
gage. 

Area. 

Mean 
velocity. 

Dia- 
charge. 

Width. 

B 

1899. 
Aug.  80 
Sept  18 
Sept  26 
Oct     7 
Oct   20 

Feet 
1.85 
1.15 
1.05 
1.15 
.80 

Feet. 
2.82 
2.20 
2.10 
2.05 
2.08 

F^t. 
0.60 
.60 
.40 
.55 
.80 

Square 
feet. 

196 

200 

198 

215 

199 

Feet  per 
aecond. 
8.57 
3.47 
3.70 
8.61 
4.27 

Second- 
feet 

700 

695 

732 

776 

849 

Feet. 
154 
154 
154 
154 
154 

1.27 
1.30 
1.29 
1.40 
1.29 

As  there  were  three  gages  read,  three  different  slopes  can  be  deter- 
mined, as  follows:  Between  the  upper  and  middle  gage,  between  the 
middle  and  lower  gage,  and,  finally,  between  the  upper  and  lower 
gage.  They  do  not  corresi)ond  well,  as  shown  in  the  table  immedi- 
ately following,  the  slope  between  the  middle  and  lower  gage  being 
constantly  less  than  the  slope  between  the  upper  and  middle  gage, 
and  of  course  the  slope  between  the  upper  and  lower  gage  is  the  mean 
between  them. 

Comparison  of  dope  measurements  at  Fort  Niobrara,  Nebraska. 


Gage  rod. 

Aag.aa 

Sept  18. 

Sept.  96. 

Oct.  7. 

Oct.  2a 

Upper  and  middle 

Idladle  and  lower 

Lower  and  iipi>er 

0.00161 
.00125 
.00143 

0. 00175 
.00091 
.00138 

0.00175 
.00109 
.00142 

0.00150 
.00100 
.00125 

0.00218 
.00068 
.00148 

The  following  determinations  of  the  values  of  C  and  n  are  based  on 
the  slope  as  found  by  the  readings  on  the  upper  and  lower  gages. 
The  computations  are  not  carried  out,  but  the  results  are  shown  in 
the  following  table: 

Table  showing  values  of  C  and  n. 


1899. 

Aagtist80 - 

September  18 

September  26 

October  7 

October  20 


c 

n 

84.1 

0.018 

88.5 

.018 

86.8 

.018 

86.5 

.018 

97.7 

.016 

IRR35 ^ 
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One  comparison  is  made  between  the  valaes  of  O  and  n  as  deter- 
mined by  considering  the  three  different  slopes  for  a  single  measure- 
ment, and  for  this  purpose  the  gaging  on  September  13  is  used.  On 
this  date  R=1.30;  ¥=3.47;  S,  for  upper  and  middle  gage,  =0.00175; 
C  is  found  to  equal  73.5  and  n  0.020.  For  middle  and  lower  rod, 
8=0.00091,  and  C,  therefore,  =101.0,  and  n=  0.015.  The  following 
table  shows  these  values  of  O  and  n  for  the  three  slopes  on  Septem- 
ber 13: 

Table  showing  values  of  C  and  n  on  September  J3, 1899. 


Gage  rod. 

c 

n 

UDDer  and  middle  > . 

78.5 

101.0 

88.5 

0.020 
.015 
.018 

Middle  and  lower .,     

Lower  and  npner . 

For  comparison  with  results  obtained  on  September  13  it  is  assumed 
that  the  slope  determined  was  made  between  the  upper  and  lower 
gages  0.00133.  Substituting  in  Kutter's  formula  the  value  of  n,  as 
found  from  the  determinations  of  the  slope  of  the  upper  and  middle 
rod,  we  get  a  discharge  of  840  second-feet.  Assuming  the  same  slope 
as  above — ^that  is,  between  the  upper  and  lower  rod — ^and  taking  the 
value  of  n  as  found  between  the  middle  and  lower  rod,  =0.015,  and 
substituting  again  in  Kutter's  formula,  we  get  a  discharge  of  610 
second-feet.  These  latter  results  are  not  satisfactory.  In  this  case, 
with  0.015,  0.018,  0.020  as  the  three  assumed  values  of  n,  we  get  dis- 
charges of  610,  695,  and  840  second-feet,  respectively.  The  measured 
discharge,  as  determined  by  current  meter,  for  this  date  was  695 
second-feet. 

Readings  on  slope  gages  were  taken  for  a  short  period  in  1896  on 
Frenchman  River,  at  Palisade,  Nebraska,  as  shown  in  the  Eighteenth 
Annual  Report,  Part  IV,  page  198,  and  in  Water-Supply  Paper  No. 
11,  page  56. 

Bear  River  at  BaiUecreek,  Idaho,  and  Collinstoriy  Utah. — Measure- 
ments of  the  fall  of  the  surface  of  Bear  River  at  Battlecreek,  Idaho, 
and  at  CoUinston,  Utah,  were  made  by  Prof.  Samuel  Fortier.  Stakes 
were  driven  into  the  channel  of  the  stream  about  10  feet  from  each 
shore  line,  at  points  100  feet  below  and  100  feet  above  the  cable  sus- 
pended across  the  stream.  These  four  stakes  were  pointed  on  the  top 
and  driven  about  1.5  inches  below  the  surface  of  the  water.  A  small 
wire  nail  was  driven  into  the  top  of  each  stake  until  level  with  the 
surface  of  the  water,  allowance  being  made  for  the  pulsation  of  the 
surface.  The  elevations  of  the  tops  of  these  nails  were  then  carefuUy 
ascertained  with  a  level. 

At  Battlecreek,  Idaho,  the  bed  of  Bear  River  consists  of  clay  near 
the  right  bank,  small  cobblestones  in  the  center,  and  gravel  and  peb- 
bles near  the  left  side.  The  banks  are  somewhat  irregular.  The 
fall,  S  =  0.00062;  water  area,  A  =  443  square  feet,*  mean  velocitv, 
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V=2.36  feet  per  second;  hydraulic  mean  radius,  R  =  2.31;  wetted 
perimeter,  191  feet;  n  =  0.027;  C,  in  Chezy's  formula,  62.58;  the  dis- 
charge, D,  was  1,046  second-feet. 

At  Collinston,  Utah,  the  bed  of  Bear  River  consists  of  cobble  rock 
stones  and  bowlders.  The  fall  was  found  to  be,  S  =  0.00131 ;  A  =  427 
square  feet;  V=  2.333  feet  per  second;  R  =  1.58;  wetted  perime- 
ter, 270;  n  =  0.029;  C,  in  Chezy's  formula,  51.28;  the  discharge,  996 
second-feet. 

ESTIMATION  OP  DISCHARGES  AT  MILLDAMS. 

On  rivers  which,  like  those  in  New  England,  have  been  used  for 
water  power,  it  is  often  dif&cult  to  find  a  section  where  measurements 
with  the  current  meter  can  be  readily  made.  The  milldams  placed  at 
short  intervals  back  up  water  or  introduce  conditions  unfavorable  to 
direct  measurement  of  fiow.  On  the  other  hand,  the  facilities  at  the 
milldams  are  often  excellent  for  noting  the  height  of  water,  as  gages 
are  frequently  maintained  in  the  interest  of  the  mill  owners.  In  a 
number  of  cases  where  controversies  have  arisen  concerning  water 
power  or  there  now  exist  contracts  for  the  division  of  the  available 
flow,  elaborate  computations  have  been  made  showing  the  discharge 
over  the  dams  and  through  the  various  openings  leading  to  the  mill 
wheels.  Occasionally  these  computations  of  flow  are  sufficiently 
extensive  to  have  general  interest  in  showing  the  run-off  from  a  given 
drainage  area,  but  more  often  the  results  are  fragmentary. 

Probably  the  earliest  and  most  thorough  determination  of  the  flow 
of  a  river  by  estimating  the  amount  taken  by  mills  and  passing  over 
the  dam  is  that  begun  by  Mr.  J.  B.  Francis  over  a  half  century  ago 
on  the  Merrimac  River  at  Lawrence,  Massachusetts.  This  may  be 
considered  as  the  model  of  all  attempts  of  this  kind.  Similar  com- 
putations, based  upon  the  Francis  formula,  have  been  made  on  other 
New  England  streams,  notably  on  Connecticut  River  at  Holyoke,  Mas- 
sachusetts, and  on  Kennebec  River  at  Waterville,  Maine.  The  un- 
certainty as  to  the  application  of  certain  constants  or  factors  is  such 
that  estimates  of  this  kind  are  apt  to  be  misleading  unless  made  by  an 
engineer  thoroughly  familiar  not  only  with  the  fundamental  data,  but 
with  all  of  the  varying  local  conditions.  In  order  to  make  computa- 
tions of  daily  discharge  and  correction  for  changes  in  the  conduits 
diverting  water  above  the  dam,  it  is  necessary  to  maintain  recoi'ds  of 
various  facts  besides  the  height  of  water.  To  facilitate  the  keeping  of 
such  records  blanks  have  usually  been  prepared  with  a  space  for 
entering  the  depth  of  water  on  the  crest  of  the  dam,  and  the  length  of 
tliis  in  linear  feet — especially  when  modified  from  day  to  day  by  the 
use  of  fiashboards.  These  records  of  depth  are  usually  made  night 
and  morning,  and  occasionally  are  noted  every  two  or  three  hours 
throughout  the  day.  Besides  these,  spaces  are  provided  for  reading 
tlie  height  of  *water  at  the  headrace  and  tailrace  of  each  mill,  giving 
data  for  the  working  head  on  the  water  wheels.    The  number  of 
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wheels,  the  size  and  kind,  the  number  of  hoar&  operated,  and  other 
facts  concerning  their  use  are  also  given,  in  order  to  compute  the 
probable  flow  through  each  wheel  and  add  this  to  the  amount  passing 
over  the  dam.  Corrections  must  usually  be  introduced  for  leakage 
and  for  the  amount  escaping  through  waste  ways.  It  is  evident  that 
for  any  given  locality  with  a  number  of  mills  the  recording  of  the  facts 
not  only  requires  care  and  time,  but  some  display  of  intelligence  on 
the  part  of  the  workmen,  to  whom  the  recording  is  necessarily 
intrusted. 

All  of  the  conditions  above  noted,  and  the  uncertainty  regarding 
accuracy  of  the  constants  used  in  the  computations,  tend  to  make  the 
estimates  not  only  complicated,  but  introduce  more  or  less  doubt  as 
to  the  value  of  the  results.  This  is  particularly  true  when  there  are 
a  number  of  mills  taking  water  from  the  impounded  river  and  in  sea- 
sons of  low  water  when  the  greater  proportion  passes  through  the  mill 
wheels.  At  a  number  of  localities  where  such  estimates  are  made  all 
of  the  water  enters  the  mill  races  during  the  summer,  leaving  the 
crest  of  the  dam  dry. 

Estimates  of  the  flow  of  streams  at  milldams  have  been  recently 
extended  to  certain  streams  in  New  York,  most  of  which  are  tribu- 
tary to  Mohawk  River.  These  were  begun  in  October,  1898,  by  Mr. 
George  W.  Rafter,  who  was  at  that  time  employed  on  sx)ecial  water- 
supply  investigations  for  the  United  States  Board  of  Engineers  on 
Deep  Waterways.  This  board,  consisting  of  three  engineers  desig- 
nated by  the  President,  one  from  the  Engineer  Corps  of  the  United 
States  Army,  one  from  the  Coast  and  Geodetic  Survey,  and  one  from 
civil  life,  was  authorized  by  act  of  Congress  approved  June  4,  1897 
(30  Stat.  L.,  50).  Its  purpose  is  to  make  surveys  and  examina- 
tions, including  estimates  of  cost  of  deep  waterways  between  the  Great 
Lakes  and  the  Atlantic  tide  waters,  as  recommended  by  the  report  of 
the  Deep  Waterways  Commission,  transmitted  to  Congress  on  January 
18, 1897.^    The  work  of  the  board  was  continued  by  the  act  of  July  1, 

1898  (30  Stat.  L.,  636),  providing  that  estimates  should  be  prepared 
for  cost  of  waterways  21  and  30  feet  in  depth,  and  by  act  of  March  3, 

1899  (30  Stat  L.,  1109). 

Under  the  direction  of  Mr.  Rafter  about  20  stations  for  studying 
sources  of  supply  for  deep  waterways  have  beeu  established  in  the 
State  of  New  York,  the  locations  of  which  are  shown  by  fig.  12,  on 
page  79  of  Part  IV  of  the  Twentieth  Annual  Report  of  the  Geological 
Survey. 

In  each  case  these  points  of  measurement  are  at  dams  built  to  fur- 
nish power  for  mills,  or  constructed  by  the  State  for  supplying  water 
to  the  Erie  Canal  and  its  feeders.  The  dams  thus  employed  as  w^eirs 
are  of  various  sections  and  materials.  A  few  are  of  stone,  solidly  bnilt^ 
but  most  are  of  timber.     Some  of  the  latter  are  tight,  while  others 


» Report  of  the  United  States  Deep  Waterways  CommisaioD,  prepared  at  Detroit,  Mif»K1gan, 
December  18-28. 18W,  House  Doa  No.  198,  Fifty-fourth  Congress,  seoond  seesion. 
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leak,  and  in  these  cases  estimates  have  been  made  of  the  quantity 
flowing  through  the  dam.  UsuaUy  the  estimate  was  made  at  the 
establishment  of  the  river  station,  and  leakage  was  considered  as 
being  constant.  In  a  few  instances  current-meter  measurements  were 
made  of  the  leakage,  and  the  quantity  found  was  used  as  a  correction 
in  the  computations. 

In  examining  the  dams  in  the  rivers  it  was  found  that  many  of  them 
were  irregular  in  longitudinal  profile  of  crest.  In  a  number  of  cases 
they  were  so  repaired  as  to  give  a  horizontal  crest,  but  at  several 
localities  it  was  impossible  to  eliminate  this  irregularity.  In  these 
cases  a  careful  profile  of  the  crest  was  plotted  and  divided  into  parts 
in  such  a  way  that  the  crest  of  each  portion  could  be  considered  as 
horizontal  without  introducing  serious  errors.  Computations  were 
then  made  of  the  flow  through  each  section  irrespective  of  its  neigh- 
bor, and  the  quantities  in  all  sections  were  added  together  to  give  the 
total  flow  over  the  dam.  These  computations  were  made  for  different 
heights  of  water  and  plotted  graphically  with  the  head  on  the  crest  in 
feet  as  ordinates  and  the  discharge  in  second -feet  as  abscissas.  A 
smooth  curve  was  then  drawn  through  these  points,  from  which  dis- 
charges have  been  read  for  various  heads.  In  a  number  of  instances 
these  curves  have  been  revised,  using  coefficients  determined  at  a 
later  time. 

In  order  to  compute  the  discharge  over  dams,  it  is  necessary  to  make 
certain  assumptions  or  employ  coefficients  obtained  by  experiment. 
The  coefficients  for  determining  the  flow  over  broad-crested  weirs 
are  somewhat  uncertain,  especially  with  high  heads.  The  most  reli- 
able coefficients  are  those  determined  by  experiments  of  Bazin's,  pub- 
lished in  the  Annales  des  Fonts  et  Chaussees.^  In  those  experiments 
the  head  on  the  crest  of  the  weir  never  exceeded  1^  feet.  As  the 
coefficients  over  broad-crested  weirs  vary  considerably  with  the  head, 
it  is  a  matter  of  judgment  what  coefficients  to  apply  when  the  heights 
exceed  those  experimented  upon  by  Bazin.  Profiles  of  the  dams  as 
constructed  in  the  river  seldom  correspond  exactly  with  the  profile 
for  which  the  coefficients  were  determined.  For' each  case  it  is  neces- 
sary to  assume  an  experimental  profile  which  corresponds  most  closely 
with  the  measuring  dam.  In  order  to  eliminate  these  two  sources  of 
error,  exx>eriments  were  instituted  at  Cornell  University  to  determine 
coefficients  for  experimental  flat-crested  weirs  as  used  by  Bazin  with 
heads  on  crest  as  high  as  6  feet,  and  also  upon  other  forms  of  weirs 
corresponding  to  those  of  the  dams  over  which  measurements  are 
made.^ 

In  making  these  experiments  the  first  question  that  arose  was  to 
determine  the  actual  quantity  of  water  flowing  over  the  experimental 

1  Aniwlnw  dee  Fonts  et  Chaoss^es,  Ira  partle,  1806,  2e  Trimestre,  Na  24,  p.  151  to  204.  Experiences 
Nonyelles  snr  riSooolement  en  D^versolr  (6«  article),  par  M.  H.  Basin,  Inspfdctenr  g^ndral  des 
Fonts  et  CbanaB^es. 

*  On  flow  of  water  oyer  dams,  by  George  W.  Baf  ter:  Proc.  Am.  Soc.  Ciy.  Eng.,  March,  1900, 
VoL  XZ  VI,  Ka  8,  pp.  28S^9. 
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weirs.  To  determine  this  a  sharp-crested  weir  was  constructed  of 
exactly  the  same  dimensions  as  that  experimented  upon  by  Bazin,  for 
which  he  (Bazin)  has  published  accurate  coefficients.  Bazin's  coeffi- 
cients for  this  sharp-crested  weir  were  determined  only  for  small 
heads. 

In  order  to  obtain  accurate  coefficients  for  sharp-crested  weirs  for  a 
greater  head,  another  weir  of  shorter  length  was  placed  below  the 
Bazin  weir  in  the  same  flume.  Knowing  the  actual  quantity  flowing 
over  the  Bazin  weir,  and  carrying  the  height  on  crest  to  the  limit  of 
the  Bazin  experiments,  it  was  possible  to  determine  coefficients  for 
sharp-crested  weirs  for  heads  as  high  as  about  6  feet.  The  coefficients 
determined  from  this  second  sharp-crested  weir  were  then  used  to  find 
the  actual  quantity  of  water  flowing  over  all  experimental  sections 
used  thereafter.  Gates  were  so  arranged  that  the  quantity  of  water 
flowing  in  the  flumes  could  be  varied  at  will,  and  starting  with  a  high 
head  the  water  was  gradually  reduced  in  quantity,  reducing  thereby 
the  head  on  the  crest  to  zero.  The  gates  were  allowed  to  remain  in 
each  of  the  eight  or  ten  positions  from  ten  minutes  to  an  hour,  so 
that  the  flow  for  that  interval  was  constant.  By  reading  the  head 
of  the  sharp-crested  weir,  the  water  flowing  at  the  given  width  of 
gate  opening  could  be  determined.  At  the  same  time  the  head  on 
the  experimental  weir  was  read  and,  noting  the  quantity,  the  coeffi- 
cients computed  for  use  in  the  formula  q=CLH*.  In  this  formula 
C  =  m\^2g  of  Bazin's  formula.  One  run  was  made  for  each  experi- 
mental weir,  and  eight  or  ten  points  of  the  curve  were  determined. 
The  experimental  weir,  which  was  constructed  of  wood,  was  then  torn 
out  and  one  of  another  section  put  in  its  place.  When  all  worked 
well  it  required  one  day  for  experimentation  on  each  section.  Exper- 
iments were  made  on  forms  of  weirs  corresponding  to  nearly  all  of 
the  dams  over  which  the  flow  was  measured.* 

Practically  all  the  computations  of  the  flow  of  streams  made  by  the 
Board  on  Deep  Waterways  had  been  completed  before  these  coefficients 
for  high  heads  were  determined,  so  that  Bazin's  coefficients  were  used 
instead  of  the  Cornell  coefficients,  although  in  Mr.  Rafter's  opinion 
the  Cornell  coefficients  would  be  more  accurate.  It  was  proposed  to 
recompute  back  records,  using  the  Cornell  coefficients,  but  lack  of 
time  and  funds  have  prevented.  The  monthly  totals  have,  however, 
been  approximately  corrected.  There  are  some  discrepancies  between 
Bazin's  and  the  Cornell  coefficients,  even  for  low  heads,  which  are 
attributed  to  difference  in  the  construction  of  the  experimental  weirs 
and  the  consequent  action  of  the  air  cushion.  It  is  possible  that  the 
.^bnditions  in  the  Cornell  experiments  are  nearer  those  in  actual  dams. 

As  has  been  stated,  most  of  the  measuring  stations  are  dams  fur- 
nishing power  for  mills,  and  of  course  a  large  quantity  of  water  passes 

'On  flow  of  water  over  dams,  by  Qeorge  W.  Rafter:  Proc  Am.  Soc.  CIy.  Bog.,  March,  1900, 
Vol.  XXVI,  No.  8,  pp.  SW-dl9. 
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through  the  mill  race  and  wheels  and  not  over  the  dam.  In  order  to 
determine  this  quantity  of  water,  gages  are  used,  as  before  noted, 
above  the  wheels  in  the  headrace  and  below  the  wheels  in  the  tailrace, 
so  that  by  simultaneous  readings  the  head  on  the  wheels  at  any  time 
may  be  determined.  The  size  and  type  of  wheels  used  in  each  mill 
and  the  dimension  of  the  gates  were  ascertained.  In  many  cases, 
e8i)ecially  in  the  case  of  new  wheels,  records  of  careful  ratings  made 
at  Holyoke,  Massachusetts,  were  obtained  for  the  particular  wheels 
installed  in  the  mills.  Where  these  could  be  obtained  they  were  used 
to  determine  the  flow  through  the  wheels.  In  other  cases  it  was  neces- 
sary to  rely  upon  the  figures  published  in  the  trade  catalogues  for  the 
quantity  of  water  flowing  through  the  various  wheels  at  the  various 
heads,  although  these  quantities  are  not  always  accurate.  In  some  of 
the  headraces  there  are  overflows  which  must  be  taken  into  account 
as  the  head  increases,  and  over  which  the  flow  is  somewhat  uncertain. 
When  the  State  dams  were  used,  as  in  most  cases,  in  New  York  the 
flow  through  the  canal  feeders  was  measured  once  and  assumed  to 
be  constant  thereafter. 

The  following  table  gives  a  list  of  the  New  York  streams,  the  flow 
of  which  has  been  computed  as  described  above.  Their  drainage  areas 
are  also  given.  The  numbers  in  the  first  column  are  those  shown  in 
the  Twentieth  Annual  Report,  Part  IV,  fig.  12,  where  the  location  of 
the  i)oints  of  observation  is  given. 


Streams  measured  by  the  United  States  Board  of  Engineers  on  Deep  Watertvays, 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

20 

21 

22 

23 

24 


streams. 


Seneca  River  _ 

Oswego  River 

Ghittenango  Creek 

Oneida  Creek 

Wood  Creek 

Fish  Creek,  west  branch  . 
Fish  Creek,  east  branch. . 

Salmon  River.  

Mohawk  River 

Ninemile  Creek 

Oriskany  Creek. 

do 

Sanqnoit  Creek 

West  Canada  Creek 

Mohawk  River 

East  Canada  Creek 

Qaroga  Creek 

Cayadntta  Creek ., 

Schoharie  Creek 

Mohawk  River.... 

Hudson  River 

do 

Schroon  River 

Black  River 


Looality. 


Baldwinsville 

Fulton 

Bridgeport 

Kenwood 

Near  mouth 

McConnellsville 

Above  Point  Rock 

About  1  mile  above  falls  . . 

Ridge  Mills 

1  mile  below  Stittville 

State  Dam,  Oriskany 

Coleman 

New  York  Mills 

Middleville 

Little  Falls 

Dolf^eville 

3  miles  above  the  Mohawk. 

Below  Johnstown 

State  Dam,  Fort  Hunter  . . 
State  Dam,  Rezford  Flats 

Mechanicville 

Fort  Edward 

Warrensburg 

Watertown 


Drainaipe 
area. 


Sq.  miles. 

3,103 

4,916 

307 

59 


187 
104 
191 
153 

63 
144 
141 

52 

519 

1,306 

256 

81 

40 

947 

3,385 

4,500 


563 
1,389 
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The  results  obtained  at  the  localities  named  above,  from  September, 
1898,  to  May,  1899,  inclusive,  as  compute  by  Mr.  George  W.  Rafter, 
are  given  in  the  following  table.  The  numbers  in  the  first  column  of 
the  preceding  table  refer  to  the  same  mimbers  in  this  table: 

Estimated  monthly  discharge  of  various  New  York  rivers  in  cubic  feet  per  second. 


m 

No. 

1806. 

1890. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Pelx 

liar. 

Apr. 

May. 

1 

8,137 

6,220 

660 

95 

2,680 

5,300 

530 

75 

2,851 

6.150 

600 

97 

1.766 

4,075 

450 

79 

3,875 

7,830 

711 

126 

4,543 

11,000 

820 

160 

2,566 

6,566 

230 

56 

2 

3 

4 

120 

320 
76 

6 

6 

7 

8 

106 
250 

300 
dlO 

340 
;«0 
490 
866 
92 
827 

180 
201 
315 
216 
135 
327 

885 
209 
622 
382 
225 
206 

170 
251 
200 
199 
85 
291 

6ao 

842 
468 
422 
210 
342 

1,040 
751 

2,280 
962 
340 
466 

215 
296 
606 
275 
47 
119 

9 

824 

96 

325 

10 

11 

896 

12 

13 

14 

27 

56 

1,071 

2.493 

581 

140 

64 

1,422 

57 

1,125 

2,891 

689 

190 

91 

2,447 

57 

922 

2,036 

664 

77 

44 

1,853 

4,560 

5,436 

68 

1,028 

2,753 

816 

43 

30 

2,664 

6,860 

6,668 

68 

1,422 

1,510 

439 

47 

81 

2,224 

4,000 

5,256 

lU 

1,058 

8,767 

519 

160 

74 

4,072 

9,250 

9,618 

127 

8,366 

8.102 

1,978 

500 

261 

4,3»i» 

17,400 

23,645 

38 

1,456 

633 

90 

81 

856 

4,150 

9,7SS 

15 

16 

17 

2,378 
688 

18 

19 

20 

16 
400 

21 

22 

8,672 

7,896 

9,248 

23 

24 

166 
1,744 

268 
8,607 

464 
4,510 

783 
2,752 

606 
4,704 

478 
2,381 

664 
5,112 

2,877 
14,172 

8.150 
5,640 

TURBIDITY. 

Many  attempts  have  been  made  to  determine  the  amount  of  silt 
carried  by  water  in  suspension,  but  as  a  rule  these  necessitate  elabo- 
rate operations  of  filtering,  drying,  and  weighing.  One  of  the  most 
convenient  methods  for  field  work  is  that  recently  applied  by  Mr. 
Allen  Hazen,  who  has  prepared  an  arbitrary  scale  dependent  upon 
the  degree  of  opacity  of  the  water.  Observations  of  turbidity  are 
taken  by  putting  a  stick  into  the  water  under  examination  and  noting 
the  distance  beneath  the  surface  at  which  a  given  object — usually  a 
small  wire — can  be  seen.  The  turbidity  is  then  read  from  a  scale 
graduated  on  this  stick.  This  is  most  conveniently  accomplished  by 
having  a  second  or  smaller  stick  placed  in  front  of  the  first,  the  end 
of  which  is  brought  to  the  water  line  at  a  point  where  the  wire  can 
just  be  seen.  Upon  removing  the  two  together  the  position  of  the 
smaller  stick  on  the  scale  gives  the  turbidity. 

Observations  are  taken  in  the  open  air,  as  too  high  results  are 
obtained  under  a  roof,  even  with  good  light.  They  preferably  should 
be  made  in  the  middle  of  the  day,  and  not  in  direct  sunlight.  In 
case  the  sun  is  shining  the  observer  can  stand  so  that  his  shadow 
covers  the  water  immediately  above  the  stick  and  wire.  The  observer 
stands  erect  with  his  feet  a  little  above  the.  water,  although  some 
variation  in  this  respect  does  not  materially  influence  the  results. 
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The  stick  should  be  about  5  feet  long  and  five-eighths  of  an  inch 

square.     A  platinum  wire  should  be  inserted  at  a  point  about  1  inch 

from  the  end  at  rightangles  and  projecting  1  inch.     This  wire  should 

be  about  0.04  inch  in  diameter.     The  stick  is  then  graduated,  the 

figures  being  inversely  proportional  to  the  distances  from  the  wire, 

1.00  coming  at  1  inch.     Tlie  following  table  gives  the  graduations  up 

to  50  inches: 

Scale  of  turbidity. 


Turbidity. 

Inches. 

Turbidity. 

Inchea. 

Turbidity. 

Inches. 

2.00 

1.50 

1.20 

1.00 

.50 

0.50 

.66 

.88 
1.00     1 
2.00 

O.IQ 

.09 

.08 

.07 

.06 

10.00 
11.11 
12.50 
14.  SO 
16.70 

0.05 

.04 

.03 

.02 

.01 

20.00 
25.00 
d3.80 
50.00 
100.00 

MEASUREMENTS  AT  RIVER  STATIONS. 

KENNEBEC   RIVER  AT  WATERVILLE,  MAINE. 

This  river  has  been  described  by  Prof.  Dwight  Porter  in  the  Nine- 
teenth Annual  Report,  Part  IV,  pages  65  to  84,  the  general  location 
of  the  stream  being  shown  on  Plate  IX.  Computations  of  discharge 
at  Waterville,  Maine,  were  made  by  Mr.  Sumner  HoUingsworth  from 
about  1892  to  the  time  of  his  death,  which  occurred  June  27,  1899. 
Additional  figures  have  been  furnished  by  Mr.  James  L.  Dean,  engi- 
neer of  the  HoUingsworth  <fc  Whitney  Company,  a  slightly  different 
system  of  computation  being  employed  by  Mr.  Dean,  as  it  has  been 
impracticable  to  introduce  the  corrections  made  by  Mr.  HoUingsworth, 
the  principles  upon  which  he  worked  not  being  fully  recorded.  Cor- 
rections were  probably  made  for  loss  of  head  in  the  tailrace  and  leak- 
age. The  figures  of  daily  discharge  from  1892  to  August  31,  1898,  as 
computed  by  Mr.. Sumner  HoUingsworth,  are  given  in  Water-Supply 
Paper  No.  27,  page  14;  those  subsequent  to  the  above  date  have  been 
furnished  by  Mr.  Dean. 

Concerning  those  for  1899,  Mr.  Dean  states  that  the  figures  subse- 
quent to  May  1  have  not  been  computed  with  the  same  care  as  pre- 
vious records,  but  they  are  believed  to  be  correct  for  most  practical 
purposes.  The  discharge  over  the  dam  was  computed  as  usual,  but 
that  from  the  wheels  was  not  estimated  separately  for  each  day,  using 
the  head  of  each  wheel,  and  the  speed  of  rotation,  as  heretofore  done. 
Instead  of  this  the  average  performance  was  taken.  A  comparison 
of  gage  readings  and  water  discharges  shows  little  connection,  as 
flashboards  are  used  on  the  dam.  The  Sunday  flow  is  also  irregular, 
as  the  miU  at  Waterville  is  sometimes  operated  Saturday  night,  draw- 
ing the  water  from  the  pond,  so  that  there  is  no  flow  except  leakage 
on  Sunday.  During  the  season  of  low  water  there  is  usually  less 
passing  on  Sunday  than  on  week  days,  as  at  many  mills  on  the  river 
the  dams  are  closed  in  order  to  fill  the  ponds. 
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Dail]/  diaekarge  in  aecotid-feet  of  KennAec  River  at  WatervUle,  Maim. 


D«T. 

J«u 

Feb. 

Mar. 

Apr. 

May. 

Jau. 

Jnlj.    1 

™. 

Bept. 

Oot 

Nov. 

£>«. 

I... 

!,47S 

2.ll» 

,ITO 

ai,S8B 

ae,N8 

14 -HI 

Tsn 

477 

,001 

e,08S 

K 

Heui. 

t.<UI 

Ifl,aB 

3,213 

3,408 

11,287 

£9,833 

"■"• 

».»« 

3,  got   3 

133 

£,«18    4,047     5.ira 

s,« 
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-ANDROSCOGGIN  RIVER  AT  RUMFORD  FALLS,  MAINE. 

This  river  receives  the  drainage  from  the  Rangeley  and  other  lakes, 
near  the  border  line  between  Maine  and  New  Hampshire.  It  flows 
in  a  general  southerly  and  southeasterly  direction,  descending  with 
rapid  fall  and  furnishing  considerable  power.  It  is  described  by 
Prof.  Dwight  Porter  in  the  Nineteenth  Annual  Report,  Part  IV,  pages 
84  to  97.  The  discharge  at  Rumford  Falls  since  1892  has  been  ascer- 
tained by  Mr.  Charles  A.  Mixer,  resident  engineer  of  the  Rumford 
Falls  Power  Company.  Figures  of  daily  discharge  up  to  the  end  of 
I>ecember,  1895,  have  been  printed  in  Water-Supply  Paper  No.  27, 
pages  11  to  14.  The  table  is  continued  for  the  years  1896  to  1898  in  the 
Twentieth  Annual  Report,  Part  IV,  pages  67  to  69.  These  figures  are 
obtained  by  adding  the  actual  measured  quantities  passing  through 
the  wheels  and  the  computed  flow  over  the  dam,  using  the  customary 
Francis  weir  formula. 

Mr.  Mixer  has  prepared  a  table  giving  the  departure  of  the  precipi- 
tation of  1899  from  the  normal,  which  is  taken  at  43.41  inches,  showing 
that  for  this  latter  year  there  was  only  31.58  inches,  or  a  deficiency  of 
27  per  cent.  This  emphasizes  the  importance  of  water  storage,  not 
only  for  such  rare  periods,  but  also  for  equalizing  the  fluctuations 
from  month  to  month  during  every  year.  The  lowest  monthly  run-off, 
0.71  inch  in  depth,  was  in  August,  the  month  of  greatest  evaporation. 
At  this  time  the  run-off  was  0.07  inch  more  than  the  precipitation. 
The  lowest  daily  discharge  for  the  year,  1,124  second-feet,  was  0.48 
second-foot  per  squ^^re  mile.  The  total  annual  run-off  averages  53  per 
cent  of  the  total  precipitation  as  measured  at  Rumford  Falls;  but  in 
1899  the  percentage  rose  to  59,  the  increase  presumably  being  due  to 
storage.  The  records  of  precipitation  have  not  been  kept  for  a  suffi- 
ciently long  period  to  give  a  wide  range  in  fluctuation,  but,  judging 
from  the  effect  on  the  wells,  there  has  been  no  such  period  of  drought 
for  from  fifty  to  seventy-five  years. 

Comparison  of  rainfall  at  Rumford  FaUa,  Maine, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

Dec 

Norm*! .,- 

3.23 

8.18 

4:28 
2.66 

8.55 

5.89 

2.99 
1.50 

8.92 
1.59 

8.63 
2.27 

4.48 
4.71 

8.49 
.64 

8.34 
8.00 

2.78 
2.06 

4.74 
1.94 

2.98 
1.95 

!«» 

Normal  aocama- 
lation 

8.23 
8.18 

7.51 
6.74 

U.06 
11.68 

14.05 
18.13 

17.97 
15.02 

21.60 
17.29 

26.06 
22.00 

29.57 
22.64 

32.91 
25.64 

35.69 
27.69 

40.43 
29.03 

43.41 
81.58 

1899  aocumulatlon . 

Accniunlated  ex- 
cess  , 

.67 

AoctininlAted  de- 

.06 

1.77 

.88 

2.95 

4.81 

4.06 

0.93 

7.JW 

8.00 

10.80 

11.83 

OPERATIONS   AT    EIVEE   81ATI0ITB,    1899. PAET   I. 


DaUji  diaeharge  in  »eeond-feet  of  Androaooggin  River  ai  Rumford  FaiU,  Maitie- 
for  1899. 


D«y. 

J«..      F 

eb.      U 

„. 

Apr. 

Mmy. 

j™e. 

Jol7- 

Kos. 

Sept. 

Oct. 

Not. 

°-i 

1..-. 

2  398     1 

~~ 

g» 

0» 

84.057 

B,J7S 

3,224 

.621 

.389 

.130 

.188 

.=»    i 

2 

ess 

088 

24,077 

S.49S 

3.800 

,468 

,734 

172 

.247    ! 

3 

9B8 

)482 

.709 

191430 

si  400 

1466 

,632 

IlK 

E 

aw 

HO 

738 

CM 

18  831 

3^048 

:sio 

:7I8 

:48a 

,688 

!u» 

,9« 

8 

fll3 

1 

7B0 

ooe 

13,111 

2,888 

.717 

,>>^ 

.ITO 

T 

14.388 

S.G74 

1484 

!e27 

.290 

017 

438 

%m 

'.m 

;as5 

.338 

.330 

> 

SIB 

801 

480 

13;  970 

S.2S4 

,900 

,442 

.828 

,388 

.843 

LOW 

10 

712 

«BS 

ia,a74 

3,296 

,779 

.400 

.778 

"■1 

\W 

12,  OSS 

.874 

^580 

'.m 

!361 

230 

13 

318 

iU 

048 

975 

10:721 

l:98< 

Issa 

;3i7 

319 

;231 

iro 

1 

14 

MO 

J57 

(187 

054 

8,012 

,281 

.308 

,4S2 

,171 

I 

IS 

S38 

a'.m 

2.797 

,209 

i 

[129 

913 

8IH 

tm 

!470 

IT 

13S 

BIB 

848 

480 

7!  134 

3,GS4 

>1 

:24S 

!413 

«u 

IS 

187 

«ao 

843 

467 

6.sao 

8.280 

.800 

,432 

,343 

3ffi 

*» 

1S4 

[sra 

,300 

fl) 

828 

B',70« 

8;  079 

,173 

[463 

!6£4 

!ae6 

.V* 

m 

SOB 

818 

M3 

8  497 

BOW 

>71 

;349 

.788 

,744 

:m> 

83S 

980 

828 

481 

8,028 

3,629 

.433 

,043 

,600 

003 

1129 

G88 

,882 

;B78 

,202 

!88e 

086 

4;a2i 

3,019 

.482 

.7M 

[347 

,S1G 

003 

928 

818 

1 

»I1 

4  443 

3,080 

:e34 

671 

124 

4St 

.818 

se 

108 

«0 

80! 

2 

017 

4,328 

2.793 

,490 

.567 

.881 

,443 

,600 

.889 

27 

eu 

TH3 

S 

as7 

,443 

,286 

,837 

.343 

088 

831 

787 

4ilSl 

2.717 

1367 

,611 

2S 

fa» 

4  4as 

3^397 

:i42 

;8S! 

.m 

787 

isEte 

SO 

TOO :: 

918 

22 

920 

4.280 

3,282 

.170 

.484 

,124 

,648 

,224 

,048 

31 

rei   . 

3,8*8 

,287 

.372 

,437 

H 

™ 

2.111     1 

'm~\ 

"itt" 

~J.TW 

10,114 

3,238 

1,817 

,428   " 

3 

T«M 

1,733 

1,808 

This  Btream  receives  ttie  overflow  from  a  group  of  lakes  lying  from 
5to  15  miles  westerly  from  AuguBta,  Maine,  and  empties  into  Kennebec 
River  8  miles  below  that  city.  It  is  described  by  Prof.  Dwight  Porter 
in  the  Nineteenth  Annual  Report,  Part  IV,  page  79.  A  record  of  the 
wHter  passing  the  upper  dam  on  this  stream  ^as  been  furnished  by 
Mr.  Alexander  H.  Twombly,  engineer  of  the  Forest  Paper  Company, 
Yarmouthville,  Maine.  At  the  reservoir  dam  are  gates  by  which  the 
supply  of  water  for  the  mill  is  regulated,  and  there  is  also  a  water 
wheel  which  operates  a  pumping  station.  When  this  wheel  is  in 
operation  the  regulating  gates  are  shut  down  enough  to  deliver  a  con- 
stant supply  of  water  to  the  mill,  as  shown  by  the  tables  on  page  39. 
The  great  Cobbosseecontee  dam  furnishes  a  supplemental  supply  to 
this  reservoir  and  water  is  occasionally  drawn  from  it.  At  the  point 
of  measurement  the  water  is  shut  back  entirely  on  Sundays  and  holi- 
days, as  shown  by  the  table.  In  the  tables  the  reference  "Gates  up; 
all  that  flows"  covers  the  period  when  there  was  no  means  of  ascer- 
taining the  dischai^,  it  being  less  than  220  second-feet  and  from  that 
as  low  as  130  second-feet,'  diminishing  probably  at  a  constant  rate- 
After  November  1,1899,  the  discharge,  however  small,  can  be  measured. 
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Daily  discharge  in  aecond-feet'of  Cobbosaeecontee  River,  at  the  upper  dam,  near 

Augusta,  Maine. 

[Drainage  area,  280  square  milee.] 

1880. 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1 

800 

800 
800 

280 
280 

290 
290 
290 
200 
290 
290 

280 
290 
290 
290 

383 
378 
878 
378 
368 
357 
347 
347 
8»3 

3;» 

826 
300 
800 
800 
300 

300 
379 
445 
431 
418 
405 
883 
878 
368 
857 
347 
837 
837 
300 

300 
HOO 
300 
300 
300 
800 

800 
800 
800 
300 
800 
800 

800 

aoo 

300 
800 
800 
800 

800 
800 
300 

■""296 
280 

2 

3 

4 

280 
280 
280 
280 
280 
280 

5 

806 
886 
856 
874 
874 
840 
314 
806 
156 
800 
800 
800 
30O 

6 

290 
290 
300 

800 

80O 

•800 

T 

8 

290 
290 
290 
290 
290 
290 

9 

10 

11. 

290 
290 
290 
290 
290 
280 

12 

13 

14 

_.,.-- _--- 

300 
800 
800 
800 
800 
800 

15 

290 
290 
290 
290 
290 
290 
290 
290 
290 
290 
200 
290 
290 

16 

840 
856 
866 
856 
340 
826 

17 

18 

290 
280 
290 
290 
290 
290 
84 
290 
290 
280 
290 
290 
290 

19 

20 

280 
280 
280 
280 
280 
280 
280 

800 
80O 
300 
800 
837 
387 
337 
345 
345 
345 
379 
393 

21 

28 

23... 

24 

800 
800 
806 
814 
814 
806 

25 

26 

27 

28 

280 
280 

880 
280 

29 

280 
280 

280 
290 
290 

80 

800 

31 

Mean 

324 

307 

290 

280 

318 

356 

286 

1891. 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 


Mean 


Jan. 


290 
290 
290 


290 
280 
290 
290 
880 
290 


800 

800 

800 

80O 

800 

800 

80O 

800 

800 

800 

800 

608 

1,120 

1400 

1,063 

1,063 

1,068 

1,068 

1,078 

1,001 


616 


Feb. 


850 
780 
718 
718 


580 


878 
436 
468 
468 
458 
548 
588 
580 
602 
674 
516 
516 
483 
488 
868 
863 
883 
680 
942 
907 


576 


Mar. 


838 

774 

718 

668 

504 

667 

540 

540 

615 

540 

748 

807 

807 

1,801 

1,753 

1,578 

1,864 

1,286 

1,241 

1,204 

1,167 

1,531 

2,199 

2,865 

2.365 

2,585 

2,631 

2,844 

2,344 

2,344 

2,295 


1,885 


Apr. 


2,169 

2,114 

2,050 

2,068 

2,060 

1,040 

1,886 

1,782 

1,698 

1,567 

1,495 

1,514 

1,514 

1,365 

1,223 

1,270 

1,318 

1,318 

1,318 

1,818 

1,273 

1,060 

1,013 

800 

800 

814 

306 

806 

800 

800 


1,277 


May. 


800 
800 


80O 
800 
800 
800 
800 
800 


800 
300 
300 
800 
800 
800 


800 
800 
806 

314 
816 
800 


80O 
800 
800 
800 
800 
800 


801 


June. 


800 
800 
800 
800 
800 
800 


800 
800 
800 

800 
800 
800 


800 

800 
800 
800 
800 
800 


300 
800 

800 
800 
800 
800 


80O 
800 


80O 


July. 


80O 
800 
800 


80O 
80O 
800 
800 
800 
800 


290 
290 
290 
290 
290 
290 


290 
290 
290 
290 
290 
290 


290 
200 
290 
290 
290 


298 


Aug. 


290 


285 
286 
286 
286 
280 
290 


285 
285 
285 
286 
285 
286 


286 
285 
285 
285 
285 
285 

286" 

285 

285 

285 

285 

285 


285 


286 


Sept. 


285 
285 

280 
280 
280 


280 
280 
280 
280 
280 
270 


270 
270 
270 
270 
270 
270 


270 
270 
270 
260 
260 
260 


260 
260 
260 


272 


Oct. 


a  Water  so  low  only  gage  record  kept 
6  Water  shut  back  SunoAys  and  houdayB. 


280 
260 
200 


260 
260 
250 
250 
250 
350 


250 
250 
250 
250 
260 
250 


220 
220 
2S0 
220 
220 
220 


242 


Nov. 


Dec 


30 
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Daily  discharge  in  second-feet  of  Cdbbosaeecontee  *River,  at  the  upper  dam,  near 

Augusta,  Maine — Ck>ntinaed. 


IB02. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct 

Nov. 

Dee. 

1.... 

220 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

2.... 

220 

270 

280 

280 

280 

280 

280 

280 

280 

280 

290 

8-... 

270 
280 

280 
280 

■'"'280' 

280 
280 

280 
280 

280 
280 

280 

280 
280 

280 
280 

280 

4.... 

220 

6.... 

250 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

6.... 

250 

280 

294 

280 

280 

280 

280 

280 

280 

280 

7.... 

260 

280 

294 

280 

280 

280 

280 

280 

280 

280 

8.... 

250 

280 

280 

294 

280 

280 

280 

280 

280 

280 

280 

9.... 

.  260 

280 

280 

286 

280 

280 

280 

280 

280 

280 

280 

10.... 

280 
280 

280 
280 

306 

280 
280 

280 
280 

280 
(a) 

280 
280 

28il 

280 
280 

280 
280 

280 

11.... 

2S0 

12.... 

250 

280 

280 

294 

280 

iaS 

280 

280 

280 

280 

2S0 

13.... 

250 

280 

280 

280 

280 

(a) 

280 

280 

280 

380 

14.... 

2S0 

280 

280 

280 

280 

(a) 

•  *  *  •  •«•  • 

280 

280 

280 

280 

16.... 

270 

280 

280 

280 

280 

(a) 

280 

280 

280 

280 

280 

16.... 

270 

280 

280 

280 

280 

260 

(a) 

280 

280 

280 

280 

17.... 

, « . 

280 
280 

280 
280 

■■""286" 

280 
280 

280 

(o^ 

280 
280 

280 

280 
280 

280 
280 

280 

18.... 

270 

19.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

S80 

20.... 

276 

280 

280 

280 

280 

280 

280 

280 

280 

280 

a... . 

276 

280 

280 

280 

280 

280 

280 

280 

280 

280 

22.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

23.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

24.... 

280 
280 

280 
280 

'"■■286' 

280 
280 

280 
280 

■"280" 

280 
280 

280 

280 
280 

""280" 

280 

25.... 

270 

26.... 

270 

280 

280 

280 

280 

280 

280 

285 

280 

280 

280 

27.... 

270 

280 

280 

280 

280 

280 

280 

280 

'280 

280 

28.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

29.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

30.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

81.. 

280 

280 

280 

280 

280 

Mean 

258 

279 

280 

283 

280 

280 

280 

280 

280 

280 

280 

280 

a  Water  shut  back. 


1893. 


1..- 
2.... 
3.-.. 
4.... 
6.... 
6.... 
7.... 
8.... 
9.... 

10 .-... 

11.... 
12.... 
13.... 
14.... 
16.... 
16... 
17.... 
18.... 
19.... 
20-... 

a.... 

22.... 
23.... 
24.... 
25.... 


27.. 
28.. 
29.. 
80.. 
31.. 


Mean 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 


280 


280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 


280 


280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
600 
620 
620 
635 
609 
468 
435 
393 
898 
866 
866 
356 
458 
690 
620 
662 
780 
620 


422 


635 
314 
300 
300 
300 
300 
300 
300 


300 
314 
481 
682 
650 
660 
1,040 
1,079 
1,001 
062 
025 
887 
962 
962 
925 
780 
718 
620 
660 
620 
893 


435 

468 

609 

506 

1.079 

1,295 

1,179 

965 

713 

620 

590 

662 

662 

887 

1,262 

1,354 

1,662 

2,680 

2,481 

2,002 

1,900 

1,752 

1,660 

1,428 

1,062 

662 

806 

826 

826 

326 

307 


1.025 


800 
800 
800 


300 
300 
800 
300 
800 
800 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 


287 


280 


280 


280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 


280 


280 
280 
280 
280 
280 


280 
270 
270 
270 
270 
270 


270 
270 
270 
270 
270 
270 


270 
270 
270 
270 
270 
270 


270 
270 
270 
270 


272 


260 
250 


286 


250 
250 
250 
250 


290 
220 
220 
220 
220 
220 


220 
220 
220 
220 
2» 
220 


220 
220 
220 
220 
220 
220 


290 
220 
220 


226 


290 
230 


290 
290 
220 
290 

290 


290 
290 
220 
290 
230 
290 


290 
220 
290 
290 
230 
2S0 


220 
220 
290 
220 
220 


290 


a  Water  shut  back. 
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DaUy  discharge  in  second-feet  of  Cobbosseecontee  River,  at  the  upper  dam,  near 

Augusta,  Maine — Continued. 


1804. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

f^   — 
May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Not. 

Dec. 

1.... 
2.... 
3.... 
4.-.. 
5.... 
6.... 
1 .... 

220 
280 
220 
220 
220 
220 

220 
220 
220 

280 
220 
280 

'""'314' 
814 
306 
306 

806 
806 
26 
326 
814 
314 
814 
314 
814 

480 
480 
130 

814 
814^ 
314 
28 
826 
314 
814 
806 
800 
800 

"""806' 

300 
300 
300 
280 
280 

""286' 
280 
280 
280 
280 
280 

'■286' 
280 
280 
280 
280 
280 

""'286' 
280 
280 
280 
280 
836 
523 
490 
870 
623 
862 

926 

889 
674 
326 
326 
326 
326 
326 
326 
200 
826 
814 
300 
300 
280 
280 

""'280' 
280 
280 
280 
280 
280 

"286" 
280 
280 
280 
280 
280 

'"'280" 
280 

'"'286' 
280 
280 

'286' 
280 
280 
280 
280 
280 

""280' 
280 
280 
280 
280 
280 

""280" 
280 
280 
280 
280 
280 

"""280' 
280 

280 
280 
280 
280 

■■"286' 
280 
280 
280 
280 
280 

""280' 
280 
280 
280 
280 
280 

*"286' 
280 
280 
280 

280 
280 

'"286" 
280 
280 
280 
280 

280 

""285 
280 
280 
270 
270 

"270' 
270 
270 
270 
270 
2T0 

""276" 
270 
270 
270 
270 
270 

""275' 
270 
270 
270 
270 
270 

270 
280 
250 
260 
250 
250 

"  "256" 
250 
250 
250 
250 
250 

"*256' 
250 
250 
250 
250 
250 

'""250' 
2.50 
250 
250 
250 
250 

'""256' 
260 
250 

250 
260 
250 

"256" 

260 

260 

250 

250 

260 

■"250 
250 
260 
260 
260 
260 

"256' 
250 
260 
250 
250 
250 

250 

250 
250 
250 
250 
250 
250 

220 
220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 

8.... 

9.... 
10-... 
11.... 
12.... 
13.... 
14.... 

220 
220 
220 
220 
220 
220 

250 
250 
250 
250 
250 
260 

■"256" 
250 
250 
250 
250 
250 

220 
220 
220 
220 
220 
220 

"220" 

220 

220 

220 

220 

220 

"'220' 
220 
220 

276 
483 
483 
426 
426 
410 
406 
406 
630 
900 
887 
602 
806 
14 
814 
314 
814 
800 
800 
800 

15-.., 
16.... 
17.... 
18.... 
19-.. 
20.... 
21.... 

220 
220 
220 
220 
220 
220 

22.... 
23.... 
24.... 

26.... 
26.... 
27...- 

28... 

220 
220 
220 
220 
220 
220 

250 

266 
250 
250 

'■"266' 

250 
250 
250 
250 

29.... 
30.... 
31.... 

Mean 

220 
220 
220 

250 

220 

220 

864 

308 

333 

360 

280 

280 

272 

251 

260 

260 

1886. 


1.... 

2.... 
8.... 
4.-.. 

5.... 
0..-. 

260 
260 
260 
250 
260 

260 
260 

260 

260 

260 

250 

250 

250 

14 

343 

733 

2,619 

1,801 

1,384 

800 

74 

2,608 

2.461 

1,608 

1,600 

1,400 

1,271 

480 

664 

858 

385 

885 

385 

885 

400 

400 

400 

385 
318 
800 
200 

""286" 
280 
280 
280 
280 
280 

"■"286" 
280 
280 
280 
280 
280 

""'280* 

"■"286" 
280 
280 
280 

"""280" 
280 
280 
280 
280 

280 

"""286" 
280 
280 
280 
280 
280 

""■'286" 
280 
280 
280 
280 
280 

'""286' 
280 
280 
280 
280 
280 

'"'286' 
280 
280 
280 
280 
280 

280 
280 
280 

280 
280 
280 

270 
270 
270 
270 
270 
270 

""'276' 
250 
1^0 
260 
250 
250 

""256 
250 
250 
250 

\% 

226 
220 
220 
220 
220 
220 

226 

220 
220 
220 

(a) 
(a) 

226 

(a) 
(a) 
(a) 
(a) 
{a) 

(a) 

(a) 
la) 

■■(«)■■ 
(a) 

{a\ 
(a) 
(a) 
(a) 

(a) 
(a) 

'W 

la) 
la) 

H 
(0) 

rX 

la\ 
(a) 

226 
220 
220 
220 
220 
220 

'"226 
280 
220 

226 
220 

220 
220 
220 
220 
220 
220 

""■226* 

220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 

220 
220 
220 
220 

'■"226' 

280 
280 

■"280 
280 
280 
280 
280 
280 

"""280' 
280 
280 
280 
280 
280 

"■*286" 
280 
280 
280 
280 
280 

""280' 
280 
280 

280 
280 
280 
280 
280 
280 

"■'276' 
270 
270 
270 
270 
270 

""276 
270 
270 
270 
270 
270 

■""276' 
270 
270 
270 
270 
270 

7.... 

8.... 

9.... 
10.... 
11  .... 
12.... 
18—. 

260 
260 
260 
260 
260 
260 

220 
220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 

14.... 
16 .... 
16.... 
17.... 
IB.... 
19 ..- 
20-.. 

260 
260 
260 
260 
250 
250 

220 
220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 

21.... 
22-... 
23.... 
24.... 
25.... 
28.... 
27.... 

260 
250 
260 
260 
260 
260 

220 
220 

220 
220 

220 
220 
220 
220 
220 
220 

250 
250 
250 
14 
264 
843 

28.... 

29.... 
30...- 
81-... 

Mean 

260 
260 
260 
260 

260 

223 

220 

786 

287 

280 

280 

273 

247 

220 

220 

222 

a  Gates  up;  natural  flow. 
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OPERATIONS   AT   RIVER   STATIONS,    1899. — PART  I.         [»o.35. 


Daily  discharge  in  second-feet  of  Cdbbosseecontee  *River,  at  the  upper  dam,  fiear 

Augtista,  Maine — Continned* 


1892. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct 

Nov. 

Dec. 

1.... 

220 

270 

280 

.'380 

280 

280 

280 

280 

280 

280 

280 

2.... 

220 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

8-.. 

270 
280 
280 

280 
280 
280 

280 
280 

280 
280 
280 

280 
280 

■"'280" 

280 
280 
280 

280 
'280* 

280 
280 
280 

280 
280 
280 

280 

4.... 

6.... 

220 
2S0 

280 

6.... 

250 

280 

294 

280 

280 

280 

280 

280 

280 

280 

7.... 

250 

280 

284 

280 

280 

280 

280 

280 

280 

280 

8.... 

250 

280 

280 

294 

280 

280 

280 

280 

280 

280 

280 

9.... 

.  260 

280 

280 

286 

280 

280 

280 

280 

280 

280 

280 

10.... 

280 
280 

280 
280 

806 

280 
280 

280 
280 

280 
(a) 

280 
280 

28u 

280 

280 

280 
280 

280 

11.... 

250 

12.... 

250 

280 

280 

294 

280 

(aS 

280 

280 

280 

280 

280 

13.... 

250 

280 

280 

280 

280 

(a) 

280 

280 

280 

280 

14.... 

250 

260 

280 

280 

280 

(a) 

-aw ••p» 

280 

280 

280 

280 

16.... 

270 

280 

280 

280 

280 

(a) 

280 

280 

280 

280 

280 

16.... 

270 

280 

280 

280 

280 

260 

(o) 

280 

280 

280 

280 

17.... 

.....■*. 

280 
280 

280 
280 

"""280 

280 
280 

280 

(^ 

280 
280 

280 

280 
280 

280 
280 

280 

18.... 

270 

19.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

20.... 

276 

280 

280 

280 

280 

280 

280 

280 

280 

280 

21.... 

276 

280 

280 

280 

280 

280 

280 

280 

280 

280 

22.... 

270 

285 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

23.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

24.... 

280 
280 

280 
280 

■""286" 

280 
280 

280 
280 

""'280* 

280 
280 

280 

280 
280 

""280' 

280 

26.... 

270 

26.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

27.... 

270 

280 

280 

280 

280 

280 

280 

280 

*280 

280 

28.... 

270 

260 

280 

280 

260 

280 

280 

280 

280 

280 

29.... 

270 

280 

280 

280 

280 

280 

280 

280 

280 

280 

280 

880 

30.... 

270 

280 

280 

280 

280 

280 

260 

280 

280 

280 

31.... 

280 

280 

280 

280 

280 

Mean 

258 

279 

280 

283 

280 

280 

280 

280 

280 

280 

280 

280 

a  Water  shut  back. 


1898. 


1.... 
2.... 
8.... 
4-.., 

6.... 

6.... 

7.... 

8.... 

9.... 
10.-... 
11.... 
12.... 
13... 
14.... 
16..-. 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23... 
24.... 
25.... 
28... 
27.... 
28.... 
29.... 
30..., 
31... 


Mean 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 


280 


280 
280 
280 
280 
280 
280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 


280 


280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
609 
620 
620 
635 
609 
468 
435 
388 
803 
866 
856 
356 
468 
680 
620 
662 
780 
620 


422 


686 
314 
SOU 
300 
300 
300 
300 
300 


300 
314 
481 
682 
650 
650 
1,040 
1,079 
1,001 
962 
925 
887 
962 
962 
926 
780 
713 
620 
660 
620 
393 


629 


435 

468 

609 

696 

1,079 

1,295 

1,179 

966 

713 

620 

600 

662 

662 

887 

1,262 

1,364 

1,652 

2,680 

2,481 

2,002 

1,900 

1,752 

1,660 

1,428 

1,052 

662 

826 

326 

826 

326 

307 


1,026 


300 
300 
300 


300 
300 
800 
300 
300 
800 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 


287 


280 


280 


280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 


280 


280 
280 
280 
280 
280 


280 
270 
270 
270 
270 
270 


270 
270 
270 
270 
270 
270 


270 
270 
270 
270 
270 
270 


270 
270 
270 
270 


272 


263 


260 
250 


236 


250 

260 
260 
250 


220 
220 
220 
280 
220 
220 


220 
220 
220 
220 
220 
220 


220 
220 
220 
220 
220 
220 


220 
220 


226 


220 
220 


280 
230 
220 
220 
220 
220 


220 
290 
2») 
230 
220 

sao 


280 


2S0 


220 
2SO 
280 


£80 


a  Water  shut  back. 


MAINE. 


31 


DaUy  discharge  in  aecond-feet  of  Cotbosseecontee  River^  at  the  upper  dam^  near 

Augusta  ^  Maine — Continued. 


1894. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1.... 
2.... 
8.... 
4.... 
6.... 
6..- 
7 

220 
220 
220 
220 
220 
220 

220 
220 
220 

220 
220 
220 

'■"814" 
814 
806 
306 
306 
306 
26 
326 
314 
314 
314 
314 
314 

"486' 
430 
ISO 
314 
8U 
814 
20 
826 
814 
814 
806 
300 
800 

"""366" 

800 
300 
300 
280 
280 

280 
280 
280 
280 
280 
280 

""""285" 
280 
280 
280 
280 
280 

"""280" 
2h0 
280 
280 
280 
336 
523 
499 
370 
623 
862 

025 
889 
674 
326 
326 
328 
326 
326 
326 
200 
826 
314 
300 
300 
280 
280 

""'286' 
280 
280 
280 
280 
280 

""""286' 
280 
280 
280 
280 
280 

"'280' 
280 

'""286' 
280 
280 

"  "286" 
280 
280 
280 
280 
280 

"286' 
280 
280 
280 
280 
280 

"'286' 
280 
280 
280 
280 
280 

"'280 
280 

280 
280 
380 
280 

"'"286" 
280 
280 
280 
280 
280 

""286' 
280 
280 
280 
280 
280 

"286' 
280 
280 
280 
280 
280 

"'286' 
280 
280 
280 
280 

280 

"'286 
280 
280 
270 
270 

■"276" 
270 
270 
270 
270 
270 

"'276' 
270 
270 
270 
270 
270 

'  "276" 
270 
270 
270 
270 
270 

270 
250 
250 
250 
250 
250 

"256' 

250 

250 

250 

250 

250 

"256" 
250 
250 
250 
250 
250 

"'256" 
250 
250 
250 
250 
250 

'"256" 
250 
250 

250 
260 
250 

"256" 

250 

250 

250 

250 

250 

"256 
250 
260 
260 
250 
250 

"256" 

250 

250 

250 

250 

250 

250 

"  "266  " 

250 
250 
250 
250 
250 

220 
220 
280 
220 
220 
220 

220 
220 
220 
220 
220 
220 

8.... 

9.... 
10.... 
11  .... 
12-.. 
13.... 
14.... 

220 
220 
220 
220 
220 
220 

250 
250 
250 
250 
250 
250 

■  "256"' 
250 
250 
250 
250 
250 

280 
220 
220 
220 
220 
220 

220 
220 
220 
220 
220 
220 

"280' 

220 

220 

276 
488 
483 
428 
426 
410 
406 
406 
630 
900 
887 
602 
306 
14 
814 
814 
814 
300 
300 
300 

16.— 
16.... 
17.... 
18.... 
19—. 
20.... 
21.... 

220 
220 
220 
220 
220 
220 

22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.  .. 

220 
220 
220 
220 
220 
220 

250 

256 
250 
250 

"266" 

250 
250 
250 
250 

29.... 
30.... 
31.... 

Mean 

220 
220 
220 

250 

220 

220 

364 

308 

333 

360 

280 

280 

272 

251 

250 

260 

1896. 


1.... 
2.... 
8.... 
4.... 

5.... 

0.— 

1 .... 

8.-.. 

9.— 
10.-.. 
11.... 
12.— 
W.... 
14.... 
16.... 
16.-.. 
17...- 
18.... 
19-... 
20.... 
21.... 
22.... 
23.... 
24-..- 
25.... 
26.... 
27.... 
28-... 
29-.. 
30.... 
81 .... 

Mean 


260 
250 
2S0 
260 
250 


250 
260 
260 
260 
260 
260 


260 
260 
260 
250 
260 
250 


260 
250 
250 
260 
260 
260 


260 
260 
260 
250 


860 


260 
260 


220 
220 
220 

220 
220 


220 
220 
220 
220 
220 


220 
220 
220 
220 
220 
220 


220 
220 
220 


223 


220 
220 
220 
220 


220 


220 
220 
220 
220 
220 
220 


220 
220 
220 
220 
220 
220 


220 
220 
220 
220 
220 
220 


220 


250 

260 

260 

260 

250 

250 

14 

348 

733 

2,619 

1,801 

1,384 

300 

74 

2,603 

2,461 

1,608 

1,609 

1,400 

i,2n 

480 
664 
858 
885 
385 
886 
886 
400 
409 
409 


786 


385 
318 
300 
290 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 


280 
280 
280 
260 


280 
280 
280 
280 
280 


287 


280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 


280 
280 
280 

'286 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 
280 
280 
280 


280 
280 
280 


280 


280 
280 
280 

"286 
280 
280 
280 
280 
280 


270 
270 
270 
270 
270 
270 


270 
270 
270 
270 
270 
270 


270 
270 
270 
270 
270 
270 


278 


270 
270 
270 
270 
270 
270 


270 
250 
250 
250 
250 
250 


250 
250 
250 
250 


(a) 
(a) 


220 
220 
220 
220 
220 
220 


220 


247 


220 
220 
220 


(a) 


220 


\^ 


(a) 

\a) 

a) 

a) 


[al 
fa) 
\a\ 
\a\ 


220 

220 
220 
220 
220 
220 


220 
220 
220 


220 
220 


220 


220 
220 
220 
220 
220 
220 


220 
220 
220 
220 
220 
220 


220 
220 
220 
220 
220 
220 


220 
220 

"256' 
250 
250 
14 
264 
348 


222 


a  Gates  up;  ziatoralflow. 


32 


OPERATIONS   AT   RIVER   STATIONS,    1899. — ^PART   I.         [«o.38. 


Daily  discharge  in  second-feet  of  Ccbboaseeconiee  River ^  at  the  upper  dam,  near 

Augtteta,  Maine — ^Continned. 


1896f 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1.... 

270 

"i.'ow" 

901 
983 

800 
800 

280 
280 

280 
280 

280 

250 
260 

250 
260 

■  "226" 

250 
250 

2-.. 

451 

3.... 

876 

270 

2.698 

901 

280 

280 

280 

260 

260 

220 

250 

4.... 

264 

270 

1.950 

856 

800 

280 

280 

260 

280 

260 

5.... 

270 
270 
270 

1.637 
1,219 
1,219 

866 
856 
856 

800 
800 
280 

280 
280 

■"■286" 
280 

270 

•  270 

270 

260 
■""266' 

250 
260 
260 

280 

220 
220 

280 

6.... 

7.... 

270 
270 

250 

8.-.. 

270 

270 

1,226 

856 

280 

280 

280 

270 

250 

260 

250 

9.... 

270 

1,868 

769 

280 

280 

280 

260 

260 

220 

250 

10..-. 

270 

270 

1.368 

727 

280 

280 

270 

250 

250 

2K) 

250 

11.... 

270 

270 

946 

727 

280 

280 

280 

270 

250 

220 

250 

12  .... 

270 
270 

1.038 
1,086 

727 
727 

280 
280 

280. 
280 

"■"280" 

270 
270 

260 

260 
250 

220 
280 

260 

13.... 

270 

14.... 

270 

270 

1,(168 

812 

280 

280 

270 

250 

220 

230 

250 

15.... 

270 

270 

901 

812 

280 

280 

280 

270 

270 

220 

260 

16.... 

270 

769 

901 

280 

280 

280 

270 

220 

220 

250 

17.... 

270 

270 

727 

916 

280 

280 

2TC 

270 

220 

220 

250 

18.... 

270 

270 

685 

1,188 

280 

280 

280 

270 

260 

260 

250 

19.... 

270 
270 

866 
993 

1,236 
1,089 

280 
280 

280 
280 

'""280" 

270 
270 

260 

220 
220 

260 
250 

250 

20.... 

270 

21.... 

270 

270 

1,681 

901 

280 

280 

270 

250 

220 

250 

2S0 

22.... 

270 

270 

1,429 

992 

280 

280 

280 

270 

260 

220 

250 

28.... 

270 

1,276 

1,089 

280 

280 

280 

250 

220 

250 

250 

24.... 

270 

280 

1,056 

901 

280 

280 

270 

250 

220 

250 

260 

25.... 
28... 

270 

280 
280 
280 
280 

728 
686 
812 
769 

769 
644 
526 
800 

280 
280 
280 
280 

280 
280 
280 

280 

'■"280" 
280 

270 
270 
270 
270 

260 
260 

""250" 

220 
220 
220 

260 

'  "256' 
250 

250 

27.... 
28.... 

270 
270 

2S0 

29.... 

270 

280 

727 

300 

280 

280 

280 

270 

250 

220 

260 

30.... 

270 

644 

800 

280 

280 

250 

220 

250 

250 

31.... 
Mean 

270 

727 

280 

250 

220 

260 

. 

277 

272 

1,188 

812 

284 

280 

280 

270 

252 

282 

283 

250 

1897. 


1.... 

2.... 
8.... 

260 
250 

260 
260 
260 
250 
250 
260 

260 
260 
260 
250 
260 
250 

497 
517 
674 
350 
620 
650 
650 
650 
620 
620 
660 
500 
421 
310 
366 
522 
497 
487 
473 
453 
320 
294 
286 
280 
14 
286 
280 
286 
286 
280 

280 

""""888' 
624 
680 
820 
820 
820 
74 
373 
393 
303 
308 

■"""489" 
244 

509 
K3» 
769 
739 
709 
391 
6 
280 
280 
280 
280 
820 
19 
914 
772 

600 
477 
678 
523 
477 
262 
33R 
836 
820 
320 
512 
559 
679 
679 
436 
354 
820 
294 
286 
6 
286 
436 
654 
366 
204 
286 

■■*286" 
280 
280 

280 
280 
280 

166 
280 
280 
280 
280 
280 

■'"280' 
280 
280 
280 
280 
280 

■'■JMO 
280 
280 
280 
280 
280 

"■'286^ 
280 
280 
280 
280 
280 

280 
280 
280 
280 
280 
280 

■■■286" 
280 
280 
280 
280 
280 

"286" 

280 

280 

280 

280 

280 

""286" 
280 
280 
280 
280 
280 

"""286' 
280 

280 
280 
280 
280 

""286" 
280 
280 
280 
280 
280 

""280 
280 
280 
280 
280 
280 

"""286" 
280 
280 
280 
280 
280 

'■"286" 
280 
280 
280 

280 
280 

""286" 
280 
280 
280 
280 
280 

"■286" 
280 

280 
270 

(a) 

(a) 

la) 

la) 

(a) 

(«) 
la) 
laS 
M 

"  "276 
270 
270 
270 
270 
270 

270 
270 
270 
270 
270 
270 

"276' 
270 
270 
270 
270 
270 

"'"276" 
270 
270 
270 
270 
270 

'"'276' 
270 
270 
270 
270 
270 

'"276" 
270 

270 
270 
270 
270 

270 
270 
270 
270 
270 
270 

4.... 
5.... 
6.... 

7  .... 

8-... 

9.-.. 

10-... 

250 
250 
260 
260 
260 
260 

260 
250 
260 
250 
250 
250 

260 
250 
260 
250 
250 
250 

11.... 
12-... 
13.... 
14.... 
15.... 
16.... 
17.... 

250 
250 
250 
260 
250 
250 

270 
270 
270 
270 
270 
280 

"'280' 
280 
280 
280 
280 
21 

260 
260 
260 
250 
650 
250 

250 
250 
250 
250 
250 
250 

18.... 

19.... 

20.... 

21  .... 

22 

23.... 

24.... 

250 
250 
260 
250 
250 
250 

250 
250 
250 
250 
250 
250 

250 
250 
250 
250 
250 
250 

26.-.. 
26-... 
27-.. 
28.— 
29.... 
30.... 
81.... 

250 
250 
250 
250 
260 
250 

280 
280 
280 
280 
280 

250 
250 
806 

Mean 

260 

250 

252 

438 

425 

397 

273 

280 

280 

276 

270 

265 

aOatee  up;  all  that  flows. 
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Daily  dimsharge  in  seeandrfeet  of  Cobboaseecontee  River,  at  the  upped  dani,  near 

Augusta,  Maine — Ckmtinaed. 


1806. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aag. 

Sept. 

Oct. 

Not. 

Dec. 

1.... 

880 

860 

418 

478 

280 

880 

280 

270 

250 

860 

250 

2...- 

280 
880 

804 
443 

"*i,"oi6^ 

478 
478 

280 
280 

880 

880 
280 

270 
870 

'"266' 

860 
850 

260 
260 

3.... 

280 

4.... 

880 

880 

408 

1.088 

466 

280 

io 

280 

260 

860 

5.... 

880 

880 

408 

1.088 

486 

880 

.  280 

250 

260 

860 

270 

6.— 

280 

887 

1.088 

488 

280 

880 

280 

260 

260 

870 

7— . 

880 

880 

466 

1.088 

488 

880 

880 

250 

860 

260 

870 

•  8.... 

880 

280 

680 

1,088 

278 

280 

280 

280 

850 

250 

850 

870 

9 

880 
280 

506 

474 

1,088 
1.008 

888 
888 

880 
880 

880 

280 
880 

250 
260 

"■«50" 

250 
260 

870 
870 

10-... 

280 

11...- 

880 

880 

466 

684 

814 

280 

880 

280 

250 

260 

12.... 

280 

880 

660 

681 

800 

880 

280 

250 

260 

850 

870 

18-... 

280 

607 

886 

800 

280 

280 

280 

250 

250 

870 

14.... 

880 

280 

881 

886 

800 

280 

280 

860 

260 

850 

270 

16.— 

880 

280 

1.148 

884 

280 

880 

280 

260 

250 

850 

870 

16 

800 

800 

i.m 

1,009 

876 
418 

800 
800 

880 
280 

280 

270 
270 

860 
850 

""2S0' 

260 
260 

270 
870 

17..- 

880 

18.... 
19 .... 

880 
280 

80O 

800 

969 
969 

483 
488 

800 
800 

880 

880 
880 

270 
270 

"'860' 

880 
880 

260 
260 

870 

20.— 

880 

800 

1.016 

483 

800 

280 

280 

270 

850 

820 

270 

21.— 

280 

888 

1.288 

438 

800 

280 

280 

850 

280 

860 

870 

28.— 

880 

828 

1.184 

488 

280 

280 

270 

250 

820 

250 

270 

28 

888 

446 

1,828 

488 
483 

800 
80O 

880 
280 

280 

870 
870 

860 
860 

"'220' 

260 

270 
870 

84.— 

880 

».— 

880 

604 

1,861 

566 

280 

280 

280 

870 

220 

860 

86  — 

880 

477 

1.228 

788 

280 

....... 

280 

870 

850 

280 

260 

870 

87—. 

880 

4S5 

1.186 

688 

280 

880 

280 

870 

260 

280 

870 

28.... 

880 

438 

1147 

478 

880 

880 

280 

860 

260 

260 

870 

29.— 

280 

1.184 

478 

860 

880 

870 

260 

260 

260 

270 

80 

1.147 
1.147 

620 

880 
280 

880 

880 

870 
270 

850 

"*260' 

260 

270 
870 

a.— 

Mean 

280 

280 

884 

848 

688 

887 

280 

870 

875 

268 

288 

260 

868 

IBOOL 


1 

270 
870 
270 
270 

870 
870 
290 
870 

800 
806 
806 

806 

889 

878 

886 

508 

848 

1.198 

1.808 

084 

772 

800 

809 

787 

947 

1.848 

1.887 

1,487 

1,408 

1.881 

1,146 

1,180 

870 

669 

686 

470 

884 

800 
800 
80O 
800 
800 
800 

""wo' 

800 
800 
800 

800 
800 

""296" 
200 
890 
290 
890 
890 

'"■jwo" 

80 
880 
280 
880 
280 

"""286' 
280 
280 

280 
280 
280 

""'280* 
880 
280 
280 
280 
880 

■"'286' 
280 
280 
280 
880 
880 

""280' 
280 
880 
280 
280 
280 

"""8B6' 

280 
880 
880 
880 

880 

"'JBSO' 
19 
880 
880 
280 
880 

"'885" 
280 
880 
880 
880 
280 

"'So' 

280 
280 
280 
280 
880 

'."880' 
280 
880 
880 
880 
280 

""280' 

280 
880 
880 
880 
280 

'"280' 
280 
280 
280 
280 
280 

"'280" 
880 
270 
270 
870 
270 

■"276' 
270 
870 
870 
270 
270 

'"270" 
270 
870 
870 

270 
270 

"276' 
260 
260 
850 

860 
(a) 

""So" 

860 
850 
(a) 

(a) 
'"860' 

(a) 
(a) 

M 
(a) 

"'880' 

(a) 

(a) 
(a) 
(a) 
(<') 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(o) 

r\ 
r< 
r\ 

(a) 

(a) 

(a) 
la) 
(a) 
(a) 
(a) 

\a] 

160 
180 
180 
170 

"iao 

175 
170 
170 
160 
150 

■'iso' 

150 
140 
180 
180 
180 

■"ioo' 

170 
180 
180 
180 
180 

"m 

166 
160 

160 
160 

""iao" 

180 
180 
170 
150 
186 

i86 
120 
120 
120 
120 
140 
....  —  . 

185 
186 
186 
135 
185 

2  — 

8-... 
4..-. 
5— . 
6.... 
7.... 
8 

270 
270 
270 
270 
870 
270 

270 
270 
270 
270 
270 
270 

870 
260 
870 
270 
870 
270 

9_... 
10.... 
11  .... 
12..-. 
18.— 
14—. 
15 

270 
270 
870 
870 
270 
870 

270 
270 
870 
870 
270 
870 

870 
270 
870 
870 
270 
270 

16  — 

17  — 

18  — 
19.— 
20.... 
21.-.. 
22 

870 
870 
870 
270 
270 
270 

270 
270 
270 
870 
870 
870 

270 
870 
270 
870 
270 
270 

28-.-. 
24...- 
86.— 
26—- 

27  — 
28—. 

29  — 

ao.... 
at  — 

Mean 

270 
870 
270 
870 
870 
870 

"870 
870 

150 
140 
140 
140 

870 
270 

270 
270 
880 
880 
880 

270 

270 

270 

808 

281 

280 

270 

876 

868 

168 

144 

IBB  35- 


a  Uatee  np;  all  that  flowB. 


34  OPERATIONS   AT   RIVER   STATIONS,    1899. — PART   I.         [no.  85. 

MERRIMAC  RIVER  AT  MANCHESTER,   NEW  HAMPSHIRE. 

This  stream  receives  the  drainage  from  a  considerable  portion  of 
the  White  Mountain  area  in  New  Hampshire.  Its  flow  is  regulated  by 
a  number  of  large  lakes  near  the  headwaters,  the  outlets  of  many 
of  which  are  controlled  by  dams.  The  fall  of  the  stream  is  consider- 
able and  developments  of  water  power  have  taken  place  to  an  extent 
probably  greater  than  in  any  other  part  of  the  United  States.  At 
Manchester  records  of  the 'height  are  taken  several  times  a  day,  gen- 
erally on  the  even  hours.  Mr.  H.  W.  Allen,  of  the  Amoskeag  Manu- 
facturing Company,  states  that  the  ordinary  flow  of  Merrimac  River 
at  that  place  for  eight  months  of  the  year  is  2,100  second-feet.  With 
this  quantity  all  the  water  wheels  can  be  run.  The  minimum  low- 
season  flow  for  this  year  he  would  call  1,084  second-feet.  The  length 
of  the  main  dam  is  400  feet,  and  the  wing  231  feet.  The  dam  is  177.99 
feet  above  mean  tide  water  at  the  mouth  of  the  river.  Three-foot 
flashboards  can  be  used  in  all  months  except  March,  April,  and  May, 
and  then  only  2-foot  boards.  The  pondage  extends  to  Hooksett,  8 
miles,  and  covers  443.65  acres.  The  highest  water  on  the  dam  of 
which  there  is  record  was  on  March  2,  1896,  when  there  was  10.95 
feet  in  height,  flowing  over.  The  drainage  area  above  Manchester  is 
2,839  square  miles. 

MERRIMAC  RIVER  AT  LAWRENCE,  MASSACHUSETTS. 

The  longest  and  most  careful  series  of  computations  of  river  flow 
are  probably  those  kept  at  Lawrence,  Massachusetts,  having  been 
begun  by  Mr.  J.  B.  Francis  for  the  Essex  Company,  and  maintained 
by  Mr.  Hiram  Mills  and  Mr.  R.  A.  Hale.  These  extend  over  fifty 
years,  but  have  never  been  published  in  full.  The  maximum,  mini- 
mum, and  mean  discharge  by  months,  from  1890  to  1897,  has  been 
printed  in  the  Nineteenth  Annual  Report,  Part  IV,  pages  113  to  115, 
and  similar  figures  for  1898  have  been  given  in  the  Twentieth  Annual 
Report,  Part  IV,  page  73,  accompanied  by  a  diagram  showing  the 
fluctuations  from  1891  to  1898,  inclusive. 


MA8BACHUSBTT8.  35 
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OPEBATIONS  AT  BIVEfi  STATIONS,    1899. — ^PABT  I.         Ik<x35. 


Daily  diacharffe  of  Merrimae  River,  at  Latorence,  Mcusachu^etta,  in  cubic  feet  per 

second— CaafAaned. 

18M. 


Dfty. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1...- 

6,661 

5.145 

7.300 

16.700 

22.870 

4,277 

2.019 

2,925 

2.188 

407 

2,829 

2,677 

2.... 

6,611 

4,919 

7,810 

14.840 

28,647 

8,907 

387 

2,870 

1,666 

3,156 

3,542 

1.941 

3.... 

6,004 

4,841 

7.879 

15,160 

28,410 

^S^ 

2,181 

2.428 

609 

2,519 

8,688 

904 

4.... 

C,648 

8,660 

6,887 

14,590 

28,158 

2,701 

1,500 

2,659 

1,067 

2,337 

8.602 

a,  219 

6.... 

7,868 

8.631 

A992 

14.680 

18,876 

4,292 

^Sk 

1,806 

3,358 

2,108 

2,889 

2,884 

6.... 

10,816 

5,466 

10,630 

15,190 

15,125 

8,601 

2,732 

749 

3,120 

2,282 

4,64& 

2.846 

7.... 

11,619 

4,240 

18,069 

16,400 

12,428 

3,065 

2,9S7 

8,604 

2,743 

1,789 

3,617 

t.im 

8.... 

10,873 

4,601 

12.869 

18,400 

11,694 

2,944 

*»sst 

2,784 

2,378 

288 

3,206 

2,847 

».... 

10,024 

4.067 

U,968 

25,000 

10,618 

8,214 

570 

2,186 

1,745 

2,244 

3,084 

i.aoR 

10.... 

8,747 

4,808 

10,688 

»,2UU 

9,662 

2,460 

S'S^ 

2.248 

426 

2,156 

3.024 

685 

11.... 

7,672 

8,844 

9.194 

29,400 

8,«7 

1,081 

8.346 

2.635 

2,664 

2,204 

2.478 

8,198 

12.... 

6,831 

8,075 

9,161 

28.800 

8,564 

8,806 

2.996 

1,886 

2,307 

^JSSi 

868 

2.715 

18.... 

6,368 

4,781 

13,705 

^^SS? 

7,706 

3,076 

3,176 

872 

2,247 

2,007 

3.729 

2.286 

14.... 

6.611 

8,576 

18,900 

26,600 

7,181 

2,781 

2,948 

3.128 

2,260 

959 

^2S 

3,809 

15.... 

6,126 

8,740 

18,600 

80,000 

7,440 

2,467 

2,065 

2,768 

2,217 

61 

2.879 

5,061 

16.... 

8,214 

5'S>* 

17,600 

84,400 

S'^ZS 

2,867 

685 

2,106 

1,441 

2.020 

2,770 

8,772 

17.... 

,?S£ 

5»^ 

1*»5S 

38,200 

•S;^ 

2,317 

3,678 

2,125 

69 

1,988 

2,846 

2,478 

IB.... 

11, 3» 

8,617 

15,000 

85,527 

2,481 

2,810 

2,468 

1.960 

2,061 

1,009 

8,909 

19.... 

10,790 

4,062 

12,380 

38,486 

5,660 

4.430 

2,861 

1,857 

1.762 

2,354 

548 

2,814 

20.... 

0,211 

5,747 

12,920 

84,683 

5,213 

2,866 

2,476 

865 

1,804 

2.400 

8.462 

2,802 

21.... 

7,823 

6,749 

12,040 

34,310 

'^•JS 

2,894 

2,488 

2,098 

2.168 

1,378 

3,076 

3,887 

22.... 

6,830 

6,088 

12,210 

30,683 

•'Sffi 

8,101 

1.706 

2,257 

2,486 

60 

2,914 

3,868 

28.... 

7,817 

6,560 

11,600 

27,846 

5,897 

2,866 

526 

2,187 

1,816 

2,126 

2,805 

2,851 

24.... 

6,713 

7.008 

11,840 

29,488 

5,664 

2,066 

8,808 

2,123 

208 

1,667 

2,608 

2,883 

2B.... 

7.386 

6,885 

11,200 

81,666 

*'SS 

1,134 

2,906 

2,136 

2,660 

1,820 

2,812 

2,798 

26.... 

8,201 

6,809 

9,400 

81367 

4,823 

3.688 

2,808 

1,674 

2,683 

1,9TB 

1,281 

4,334 

27.... 

8.192 

6,988 

11,130 

81,157 

4,U22 

2,888 

2,609 

78 

2,453 

2,333 

3,380 

8,087 

28.... 

6,870 

6,687 

10,880 

a,816 

3,543 

2,841 

2,949 

2,067 

2,191 

1,308 

2,909 

2,954 

28.... 

6.906 

U,240 

26,806 

5,265 

2,506 

2,241 

2,168 

2.462 

128 

2,789 

2,916 

30.... 

6,808 

....... 

14,600 

28,507 

*'SS 

2,846 

1,964 

2,228 

1.906 

2,513 

947 

1,806 

81.... 
Mean 

6,604 

....... 

17,200 

4,388 

3,781 

2.188 

2.400 
1,789 

....... 

503 

7,867 

4,882 

11,948 

26,488 

9,688 

2,960 

2,481 

2,086 

1,994 

2.7BB 

2.797 

NASHUA  RIVER  AT  CLINTON,  MASSACHUSETTS. 


This  river  receives  tiie  drainage  of  a  portion  of  central  Massachn- 
setts,  and  flows  in  a  general  northerly  course  into  New  Hampshire, 
emptying  into  Merrimae  River.  The  principal  part  of  the  drainage 
basin  is  shown  on  the  Worcester,  Marlboro,  Framingham,  and  Oroton 
topographic  atlas  sheets.  On  its  headwaters,  near  the  town  of  Clinton, 
the  metropolitan  water  board  has  under  construction  what  is  known  as 
Wachusett  reservoir,  for  the  supply  of  Boston  and  neighboring  towns. 
Measurements  of  the  flow  of  Nashua  River  have  been  made  at  Clinton 
since  July,  1896,  but  these  have  not  been  published,  as  there  are 
unsettled  claims  for  the  diversion  of  the  water.  The  rainfall  on  the 
watershed  during  1897  was  measured  at  four  localities,  and  ranged 
from  about  50  to  53  inches.  The  area  and  capacity  of  Wachusett  res- 
ervoir are  given  for  each  5  feet  in  elevation  in  the  Report  of  the  State 
Board  of  Health  of  Massachusetts  for  1895  on  ^'Metropolitan  water 
supply, "  pages  1 27  and  128.  The  outline  of  the  reservoir  is  also  shown 
on  an  accompanying  plan. 
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SUBBUBY  RIVBB. 


This  small  stream  of  eastern  Massachusetts,  receives  water  from 
an  area  west  of  Framingham.  It  flows  in  a  northerly  coarse  through 
meadows  and  swamps,  and  joins  Assabet  River  to  form  Concord 
River,  which  in  turi^  continues  northerly,  entering  Merrimac  River 
immediately  below  the  city  of  Lowell.  Storage  reservoirs  have  been 
constructed  by  the  city  of  Boston,  controlling  the  greater  part  of  the 
flow  from  this  basin.  The  available  water  has  been  systematically 
measured  by  Mr.  Desmond  FitzGerald,  the  record  beginning  in  1875. 
The  run-off  in  cubic  feet  per  second,  by  months,  from  1875  to  1898,  is 
given  in  the  Twentieth  Annual  Report,  Part  IV,  page  75.^  The  fol- 
lowing is  a  continuation  of  this  table.  It  should  be  noted  that  during 
August  the  yield  of  Sudbury  River  is  a  minus  quantity. 

Run-off  of  Sudbury  River  and  Lake  Coehituate  toatersheds  in  senand-feei  per 

square  mile. 


Month. 


Jumary 

February 

March 

AprU 

May 

June 

July 

August 

September 

October 

KoYember 

December 

The  year 


Sudbury  Riyer. 


1800. 


8.54 

2.U 

6.61 

3.00 

.70 

.10 

.06 

-.06 

.16 

.18 

.47 

.84 


1.61 


Are: 

1876- 


nurasi 

-ino. 


1.04 

2.00 

4.49 

8.12 

1.08 

.74 

.81 

.48 


1.47 
1.61 


1.66 


Lake  Ckx^ltuate. 


1800. 


2.00 

2.22 

6.61 

2.66 

.60 

.10 

.03 

.08 

.46 

.64 

.46 

.86 


1.32 


Ave 

1863- 


!^ 


1.78 

2.63 

3.38 

2.60 

1.61 

.70 

.47 

.67 

.66 

.82 

1.33 

1.46 


1.40 


LAKE  COCHITUATK. 

This  lake  drains  into  Sudbury  River  below  the  point  of  diversion 
for  the  water  supply  of  the  city  of  Boston,  and  has  been  consid- 
ered as  a  separate  watershed,  with  an  area  of  18.87  square  miles,  of 
which  7.6  per  cent  is  water  surface.  Dudley  Pond,  which  lies  just 
north  of  the  lake,  is  connected  with  it,  and  water  is  occasionally 
drawn  into  the  lake.  The  watershed  of  this  pond  is  not  included  in 
the  18. 87 square  miles;  thus  a  corresponding  deduction  must  be  made 
in  computing  the  yield.  This  correction  has  been  made  in  the 
acGomi)anying  table.  Figures  of  catchment  on  this  area  since  1863 
are  available,  these  not  being  considered  quite  as  accurate  as  those 
for  Sudbury  River.  The  results  in  inches  of  depth  of  run-off  from 
the  watershed  are  given  in  the  following  table.  The  average  yield 
per  square  mile  of  this  watershed  for  thirty-seven  years,  1863  to  1899, 


For  low  water  flow,  see  Bnglneering  Beoord,  September  16, 1800. 
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inclusive,  is  given  in  the  second  table,  which  shows  by  months  the 
second-feet  per  square  mile,  the  corresponding  depth  of  run-off  in 
inches,  the  depth  of  rainfall,  and  the  percentage  collected: 


Yield  of  Lake  Cochituate  watershed  in  inches  in  depth. 
[Drainage  area,  1&87  square  miles.] 


Year. 


1863... 
1864... 
1866... 
1866... 
1867... 
1868... 
1860... 
1870... 
18n... 
1872... 
1878... 
1874... 
1876... 
1876... 
1877... 
1878... 
1879... 
1880... 
1881... 
1882... 
1883... 
1884... 
1886... 
1886... 
1887... 
1888... 
1888... 
1800... 
1891... 
1882... 
1898... 
1884... 
1896... 
1806... 
1887... 
1898... 
1899... 

Mean. 


Jan. 


1.81 
2.41 
2.06 

.74 
1.10 
1.28 
1.82 
4.78 
1.06 
1.10 
8.10 
8.12 

.16 
1.08 
1.20 
8.26 
1.29 
1.47 
1.19 
1.84 

.84 
1.84 
1.90 
2.28 
4.06 
1.13 
4.60 
1.02 
6.26 
8.  OB 

.64 
1.21 
1.68 
1.72 
1.64 
2.27 
3.46 


2.060 


Feb. 


8.12 
1.66 
1.76 
2.84 
6.24 
1.12 
1.87 
8.06 
2.28 
.89 
1.68 
2.20 
2.98 
1.77 
1.87 
8.07 
2.32 
2.24 
2.23 
8.00 
1.60 
2.86 
2.00 
7.93 
4.84 

2.n 

1.86 
2.04 
6.62 
1.64 
2.66 
1.67 
.76 
8.60 
1.66 
4.00 
2.31 


2.662 


Mar. 


3.71 
4.09 
4.66 
1.78 
3.47 
8.86 
8.88 
8.37 
2.63 
1.86 
8.90 
1.84 
2.66 
6.20 
6.81 
6.40 
3.30 
1.79 
6.66 
3.07 
2.04 
4.67 
2.21 
3.61 
4.70 
4.76 
2.06 
6.87 
8.03 
3.02 
4.12 
2.66 
8.60 
6.62 
3.22 
3.11 
6.36 


Apr. 


3.888 


May. 


4.41 
2.66 
2.71 
1.62 
2.86 
3.48 
2.48 
6.86 
1.68 
2.96 
6.08 
8.18 
8.17 
4.21 
3.24 
2.86 
4.48 
1.67 
1.79 

.93 
1.66 
4.00 
2.86 
2.62 
3.86 
8.46 
2.17 
2.23 
4.31 

.90 
2.42 
2.16 
8.86 
2.01 
1.86 
2.69 
2.84 


2,906 


1.44 
1.61 
4.76 
1.29 
2.18 
6.18 
2.17 
1.66 
2.00 
1.10 
2.66 
2.79 
1.89 
1.48 
2.04 
1.66 
1.40 
.44 
1.26 
1.66 
1.26 
1.39 
1.61 
1.00 
1.86 
2.87 
1.20 
1.86 
.88 
2.03 
1.88 
.91 
.97 
.62 
1.88 
1.86 


June. 


1.788 


0.66 
.48 
.33 

1.00 
.66 

1.00 

1.06 
.87 
.87 

1.48 
.46 

1.06 

1.60 
.61 
.02 
.76 
.77 
.06 

1.81 
.62 

.or 

.67 
.48 
.18 
.82 
.63 
1.18 
1.41 
.77 
.48 
.75 
.46 
.40 
.71 
1.19 
.78 
.11 


.784 


Joly. 


2.94 

:fi 

1.26 
.66 
.40 
.76 
.68 
.48 
.14 
.61 
.96 
.26 
.86 
.64 
.47 
.38 
.88 
.16 
.06 
.02 
.26 
.00 
.26 
.78 
.47 

1.63 
.33 
.60 
.38 
.88 
.88 
.66 
.88 
.76 
.37 
.06 


.688 


Aug. 


Sept. 


1.64 
.67 
.48 
.64 

2.10 

1.16 
.68 
.40 
.70 

1.82 

1.43 
.92 
.61 
.28 
.66 
.84 
.86 
.23 
.08 
.07 
.07 
.61 
.88 
.14 

1.38 
.84 

8.48 
.46 
.72 
.66 
.77 
.41 
.60 
.47 
.68 

1.80 
.08 


0.98 

.48 

.44 

1.32 

.81 

1.88 

1.11 

.64 

.28 

1.70 

.78 

.63 

.68 

.68 

.40 

.28 

.61 

.24 

.28 

.87 

.44 

.18 

.26 

.80 

.04 

2.81 

1.79 

1.40 

.76 

.60 

.42 

.46 

.68 

1.03 

.40 

.81 

.80 


.767     .7261 


Got. 


1.81 

1.42 

.68 

.94 

1.06 

.86 

2.88 

.86 

.61 

1.70 

2.02 

.62 

1.21 

.86 

1.12 

.78 

.60 

.28 

.18 

.84 

.44 

.84 

.78 

.42 

.48 

2.67 

1.81 

8.40 

.79 

.67 

1.06 

.66 

1.87 

1.28 

.48 

1.61 


1.060 


Not. 


2.64 

1.24 

1.02 

.87 

LU 

1.88 

1.80 

.80 

1.23 

1.88 

1.86 

.57 

1.08 

1.86 

2.68 

2.07 

.72 

.66 

.84 

.68 

.40 

.62 

2.06 

1.20 

.70 

4.21 

2.85 

1.48 

.83 

1.08 

0.83 

,92 

8.61 

1.40 

1.68 

2.81 

.80 


Dec 


2.18 
1.17 
1.13 
1.66 
1.12 
1.17 
8.16 

.78 
1.18 
1.20 
2.68 

.61 
1.22 
1.00 
1.87 
4.04 
1.04 

.68 
1.40 

.02 

.84 
1.82 
1.64 
2.10 

.86 
6.40 
8.26 
2.11 
1.26 

.84 
1.48 
1.14 
2.40 
1.81 
2.16 
2.74 

.41 


1.488  1.077 


Total. 


26.67 
18.  SS 
20.48 
10.08 
21.77 
24.89 
21.86 
25.06 
14.74 
1A.84 
27.17 
19.08 
17.66 
18.12 
23.06 
26.84 
17.81 

8.80 
10.34 
16.06 

8.n 
18.21 
15.57 
21.92 
23u47 
80.07 
27.96 
24.51 
31.73 
15.  OB 
17.27 
12.81 
20.17 
20.14 
17.05 
28w41 
17.81 


20.220 


Average  Afield  per  square  mile  of  Lake  Cochituate  uxUershed^  186S  to  1899^  indusive 

[Drainage  area,  18.87  sqnare  miles.] 


Month. 


January  

February 

March 

April 

May 

June. 4 

July 

August 

September 

October 

Noyember 

December 

The  year 


Seoond- 

feetper 

square 

mile. 


1.78 

2.68 

3.82 

2.00 

1.51 

.70 

.47 

.07 

.66 

.92 

1.88 

1.46 


1.48 


Bun-off 

in 
inches. 


2.06 

2.66 

8.88 

2.80 

1.74 

.78 

.64 

.77 

.72 

1.06 

1.48 

1.68 


20.28 


in 
inches. 


4.00 
8.98 
4.84 
8.51 
8.78 
2.96 
4.21 
4.48 
8.44 
4.66 
4.88 
8.40 


47.00 


Percent. 


61.4 
67.8 
88.2 
82.7 
46.0 
26.5 
13.0 
17.1 
21.1 
28.2 
88.9 
48.8 


48.0 
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MYSTIC  LAKE. 

The  area  tributary  to  Mystic  Lake  lies  about  10  miles  north  of 
Boston  and  contains  26.9  square  miles,  including  about  3  per  cent  of 
water  surface.  It  has  been  the  source  of  water  supply  for  the  city  of 
Charlestown  since  1864.  Upon  the  annexation  of  that  city  to  Boston 
the  source  of  supply  passed  into  the  control  of  the  Boston  waterworks, 
this  being  in  1876.  The  records  of  run-off  extend  from  1878  to  1897, 
inclusive.  On  January  1,  1898,  the  lake  was  abandoned  as  a  source 
of  water  supply  and  records  after  that  date  are  not  available.  The 
table  given  below  is  from  the  third  annual  report  of  the  water  com- 
missioners of  the  city  of  Boston.  These  records  are  somewhat  less 
accurate  than  those  for  Lake  Cochituate,  as  they  involve  not  only 
storage  in  Mystic  Lake,  which  has  been  determined  with  a  fair  degree 
of  accuracy,  but  also  the  quantity  of  water  pumped  by  five  engines, 
the  slip  of  which  was  somewhat  uncertain,  and  the  How  through  a  fish- 
way.  There  are  also  a  number  of  other  points  on  the  watershed  whose 
storage  should  have  been  considered. 

The  yield  from  this  watershed  in  depth  in  inches  for  the  years 
1878  to  1897,  inclusive,  is  given  in  the  table  on  page  40.  The  average 
yield  x>^r  square  mile  is  given  in  the  following  table,  these  figures 
being  obtained  from  the  engineering  department  of  the  Metropolitan 
Water  Board,  through  Mr.  Charles  W.  Sherman,  assistant  engineer: 

Average  yield  per  square  mile  of  Mystic  Lake  vxitershed,  1S78  to  1807 ^  induHve, 

[Drainage  area,  26.9  square  miles.] 


Month. 

Second- 
feet  i)er 
square 
mile. 

Run-off 

in 
Inches. 

Rainfall 

in 
inches. 

Per  cent 

1.81 

2.?i 

8.99 

2.33 

1.62 

.06 

.40 

.56 

.47 

.09 

1.14 

1.41 

2.00 

2.86 

3.01 

2.61 

1.87 

1.07 

.66 

.65 

.62 

.80 

1.28 

1.63 

4.21 
4.04 
3.72 
8.02 
8.64 
8.20 
8.58 
4.00 
8.17 
3.96 
8.70 
3.47 

40.5 
70.8 
105  2 
86.1 
51.5 
33.5 
15.6 
16.3 
16.4 
20.1 
33.7 
46.0 

Pebruary 

March  .T 

Aorll 

fiSi^:::::::::::...:.:...: 

•Tune --.. 

July 

AUflTQ^tt     _      -          -    

September 

October  

November _ 

December 

The  year 

1.46 

10.85 

43.82  >        45.3    1 

Records  are  not  available  after  1897,  although  observations  have 
been  continued.  The  watershed  is  no  longer  in  use  as  a  source  of 
supply,  and  so  many  complications  enter  into  an  estimate  of  yield  that 
it  is  probable  that  it  will  not  be  computed. 
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Run-off  in  inches  on  Mystic  Lake  watershed^  1878  to  1897,  indusive, 

IDrainage  area,  98.9  aqnare  mllea.] 


Tear. 

Jan. 

Feb. 

Mar. 

Aiyr. 

May. 

June. 

Jnl7. 

Aug. 

Sept. 

Oct 

Nor. 

Dec. 

T^xtaL 

1 

1878 

3.66 

3.97 

4.91 

2.21 

2.16 

0.78 

0.48 

1.11 

0.56 

0.71 

1.75 

8.68 

86.89    ' 

1879 

1.21 

2.88 

8.81 

8.97 

1.95 

.97 

.54 

.70 

.48 

.84 

.46 

.69 

16l94    ' 

1880 

1.70 

2.54 

1.95 

1.60 

.96 

.51 

.67 

.54 

.46 

.86 

.44 

.69 

irsi  I 

1881 

.82 

2.14 

6.79 

2.17 

1.51 

2.05 

.87 

.85 

.81 

.29 

.50 

.87 

18.67    • 

188« 

1.87 

&0B 

4.19 

1.16 

1.86 

.81 

.85 

.22 

.68 

.66 

.89 

.67 

U.05    , 

1888 

.70 

1.48 

1.88 

1.68 

1.20 

.62 

.80 

.22 

.18 

.89 

.42 

.44 

9.81 

1884 

1.49 

8.89 

5.42 

8.85 

1.48 

.85 

.66 

.60 

.28 

.27 

.86 

1.17 

».18    ' 

1886 

1.79 

1.81 

2.05 

2.06 

2.18 

.86 

.47 

.54 

.84 

.68 

2.41 

2.89 

17.56 

1886 

2.81 

7.70 

&91 

a24 

1.27 

.55 

.41 

.26 

.82 

.88 

.88 

1.48 

2&65 

1887 

8.16 

8.61 

8.60 

8.75 

1.89 

1.27 

.87 

1.86 

.48 

.87 

.71 

.91 

2S.17 

1888 

1.48 

?g 

4.28 

8.27 

2. 88 

.84 

.89 

.54 

1.81 

2.74 

5.04 

6.08 

81.  U 

1889 

4.61 

1.60 

2.27 

2.18 

1.89 

1.88 

2.06 

1.06 

1.21 

2.49 

&06 

25.48 

1890 

2.07 

2.28 

5.87 

2.86 

8.00 

1.92 

.48 

.46 

.66 

2.61 

1.96 

2.49 

a6w04 

1891 

6.29 

5.97 

7.21 

8.48 

1.40 

1.01 

.42 

.44 

.42 

.68 

.66 

.87 

28.00 

1    isas 

2.49 

1.76 

&08 

1.88 

2.10 

1.17 

.66 

.49 

.66 

.46 

LOT 

.87 

1&96 

1898 

.75 

2.14 

4.62 

2.72 

4.42 

L04 

.47 

.69 

.41 

.66 

.71 

1.27 

19.09 

1    1894 

1.87 

1.87 

8.05 

2.27 

1.81 

.91 

.49 

.88 

.86 

.58 

.91 

.90 

14.40 

1895 

1.65 

.87 

3.16 

2.95 

1.18 

.54 

.60 

.80 

.86 

1.46 

2.87 

2.12 

17.91 

1896 

1.85 

8.40 

4.60 

8.26 

.77 

.76 

.89 

.84 

1.06 

.89 

1.11 

1.28 

19.66    ' 

1897 

Mean... 

1.89 

1.40 

8.46 

&14 

1.88 

2.19 

.60 

.95 

.41 

.39 

i.oe 

1.96 

17.64 

2.09 

2.86 

3.91 

2.61     1.87 

1 

1.07 

.66 

.65 

.62 

.80 

1.28 

1.68 

19.85    [ 

1 

CONNECTICUT  RIVER  AT  HOLTOKE,  MASSACHUSETTS. 

This  river,  rising  in  northern  New  Hampshire  and  Vermonty  flows 
in  a  general  southerly  course,  forming  the  greater  x)art  of  the  bound- 
ary between  these  States,  and  crosses  Massachusetts  and  Connecticut, 
emptying  into  Long  Island  Sound.  Computations  of  discharge  have 
been  made  in  the  southern  part  of  its  course  at  Holyoke,  Massachusetts, 
a  short  distance  above  the  Connecticut  State  line.  The  flow  of  the 
river  is  controlled  at  this  point  by  the  Holyoke  Wat«r  Power  Com- 
pany. Data  of  stream  flow  have  been  obtained  from  Mr.  A.  F.  Sick- 
man,  assistant  engineer  of  the  company.  The  quantities  given  are 
the  daily  amounts  drawn  from  the  pond  above  the  dam,  representing 
the  discharge  of  the  river  excepting  at  such  times  as  the  surface  falls 
below  the  crest,  when  water  is  i)onded  over  night  and  Sunday.  The 
results  by  months,  from  1880  to  1895,  are  published  in  Bulletin  No. 
140,  pages  37  to  41 ;  for  1896  and  1897,  in  the  Nineteenth  Annual 
Report,  Part  IV,  page  116;  and  for  1898,  in  the  Twentieth  Annual 
Report,  Part  IV,  page  76. 


ftUSa&CHUgSTTS. 


k, '  **"  Tniint  mtlM  ] 


42  OPBEATIONa   AT   BITEB  STATIONS,    1899. — PART   I.         Vo.x. 

Daily  mean  ditcharge  in  aecond-feet  of  ConneeHciit  River  at  ^ityoke.  Mono- 
diasttU — Gontfnaed. 


The  D^res  ror  1899  bmre  not  been  ctnnpnted  at  tbla  time,  April,  ISOOl 
CONNECTICUT  RIVHE  AT  HAETPOED,   CONNECTICUT 

ObHervations  of  the  height  of  Connecticut  River  are  maintaiaed  at 
a  point  near  Hartford  by  the  Connecticut  River  Bridge  and  High- 
way District,  Edwin  D.  Gravea,  chief  engineer,  as  noted  in  the  Twen- 
tieth Annual  Report,  Part  IV,  page  77.  Daily  readings,  beginning 
February  8,  1896,  have  beeu  obtained,  and  are  given  below.  Com- 
putations of  discharge  of  the  river  at  this  point  from  1871  to  1886 
have  been  printed  in  the  Fourteenth  Annual  Report,  Part  U,  b^in- 
ning  on  page  140.  The  gage  now  being  read  was  placed  at  the  same 
elevation  as  the  old  gage  established  by  the  Engineer  Corps,  United 
States  Army,  about  1872. 
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Daily  noon  gage  height  in  feet  of  Connecticut  River  at  Highway  Bridge, 

Hartford,  Connecticut, 


1806. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec 

1 

18.0 

20.0 

26.5 

26.6 

20.0 

16.0 

13.0 

9.0 

7.8 

6.8 

5.3 

4.8 

4.4 

4.5 

4.5 

4.5 

4.6 

4.8 

4.9 

8.0 

10.8 

11.4 

10.0 

9.0 

8.0 

7.0 

6.0 

6.9 

8.9 

9.6 

9.8 

10.6 

11.8 

12.0 

11.6 

10.0 

9.6 

9.0 

8.6 

7.6 

7.6 

7.8 

8.3 

10.0 

12.0 

15.0 

16.0 

18.0 

20.8 

22.0 

22.2 

21.0 

19.8 

18.4 

17.0 

16.6 

13.6 

11.0 

U.O 

9.0 

8.0 

7.7 
7.6 
7.0 
6.5 
6.4 
6.0 
6.8 
6.7 
6.7 
6.6 
6.2 
6.0 
4.6 
4.6 
4.7 
4.7 
4.2 
8.6 
8.4 
3.7 
3.5 
3.4 
3.0 
2.8 
3.6 
8.3 
8.0 
8.4 
8.4 
8.5 
3.5 

as 

3.7 
3.7 
8.5 
3.5 
8.3 
3.0 
2.6 
3.0 
8.0 
«  3.5 
4.0 
4.4 
4.6 
4.4 
4.3 
4.0 
3.7 
3.7 
3.2 
3.0 
2.4 
2.4 
2.5 
2.0 
2.4 
2.6 
2.8 
3.0 
2.0 

2.5 
2.0 
2.1 
2.2 
2.3 
2.8 
2.8 
2.3 
2.4 
2.4 
2.4 
2.4 
2.4 
2.0 
2.4 
2.5 
2.7 
2.5 
1.6 
.6 
1.3 
2.0 
2.2 
2.0 
2.6 
2.7 
2.7 
2.8 
2.7 
2.6 
2.5 

1.7 
1.5 
1.6 
2.4 
2.0 
1.8 
2.6 
1.7 
2.0 
2.6 
2.7 
2.4 
2.4 
1.8 
1.9 
2.0 
1.8 
1.7 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.5 
1.5 
1.5 
1.5 
1.6 
1.6 

1.6 
1.6 
1.9 
2.4 
2.7 
3.3 
3.6 
4.4 
4.0 
3.6 
4.3 
4.0 
8.6 
8.4 
2.8 
2.8 
2.4 
2.0 
2.3 
2.7 
8.2 
8.5 
3.4 
3.4 
8.4 
3.3 
3.5 
3.6 
3.7 
4.0 

8.0 
2.8 
2.7 
2.5 
2.4 
3.0 
4.1 
3.2 
8.3 
3.4 
3.4 
b.7 
3.8 
4.4 
5.0 
4.9 
4.7 
4.6 
4.4 
4.0 
4.0 
4.0 
4.8 
6.2 
6.7 
6.0 
6.5 
6.0 
6.0 
5.0 
4.0 

8.7 
3.6 
8.7 

4.0 
4.8 
6.0 
10.0 
10.6 
10.0 
7.6 
7.4 
6.7 
6.4 
6.0 
5.5 
6.0 
4.6 
4.0 
4.0 
8.8 
4.0 
4.0 
4.0 
4.6 
4.0 
4.6 
6.0 
6.5 
5.9 
6.6 

7.0 
6.8 
6.0 
5.5 
4.4 
8.2 
4.0 
4.0 
6.0 
5.0 
6.5 
6.4 
5.8 
6.0 
4.8 
4.7 
2.5 
4.0 
4.5 
4.6 
4.7 
4.6 
4.8 
4.2 
8.9 
3.7 
8.5 
4.0 
8.5 
4.0 
8.5 

2 

3 

4 

5 

6 

7 

8 

12.6 

12.5 

11.4 

10.8 

9.0 

7.3 

6.5 

6.3 

6.8 

6.3 

6.8 

6.3 

6.0 

6.8 

6.3 

6.5 

6.9 

6.0 

6.0 

U.O 

14.0 

16.5 

9 

10 

11 

12   1 

13 1 

14 1 

15 1 

16 

17 1 

18 

19 

20 

21 

22  X 

23 

24 

25 1 

26 ' 

27 i 

28 1 

29 1 

ao 1 

31 ' 

1 

1897. 


1 

a4 

3.7 

8.8 

8.8 

13.6 

10.0 

5.0 

17.0 

4.8 

2.5 

ao 

9.5 

2 

3.4 

3.8 

4.0 

.     9.6 

12.4 

9.0 

6.1 

13.0 

3.8 

as 

a  9 

ao 

3 

8.4 

3.9 

8.8 

9.8 

11.7 

8.0 

5.0 

10.5 

4.6 

a  5 

5.0 

a  8 

4 

8.4 

4.5 

4.8 

10.2 

U.O 

8.0 

4.8 

8.6 

3.9 

ao 

ao 

ao 

5 

4.8 

4.0 

5.0 

10.6 

11.4 

7.0 

4.8 

8.5 

3.6 

2.7 

7.8 

ao 

6 

5.9 

3.8 

6.6 

12.2 

11.0 

8.0 

4.5 

8.2 

3.3 

2.6 

6.8 

7.4 

7 

6.7 

4.1 

7.0 

13.6 

10.3 

6.7 

4.2 

7.7 

3.8 

2.7 

5.6 

10.0 

8 

6.6 

6.8 

8.2 

15.5 

9.3 

8.6 

4.0 

6.7 

8.8 

2.8 

4.7 

a  7 

9 

6.5 

9.4 

7.6 

15.3 

7.6 

7.1 

6.0 

6.5 

2.8 

2.8 

4.6 

a  8 

10 

5.5 

9.6 

6.8 

17.4 

7.4 

12.0 

5.8 

6.5 

2.8 

2.0 

4.7 

ao 

11 

4.5 

9.0 

7.1 

17.0 

7.0 

18.0 

5.0 

5.0 

8.8 

1.6 

5.5 

ao 

12 

6.0 

8.1 

8.0 

16.2 

6.5 

20.6 

4.6 

7.2 

ao 

ao 

ao 

ao 

13 

45 

7.0 

9.0 

13.7 

7.0 

18.3 

6.0 

8.2 

ao 

2.6 

a  5 

ai 

14 

3.9 

6.4 

8.9 

11.4 

9.6 

16.8 

U.5 

7.0 

a  2 

2.8 

7.8 

11.6 

15 

3.5 

6.7 

8.8 

10.8 

15.0 

18.8 

18.6 

6.2 

2.8 

ao 

6.8 

14.0 

16 

4.0 

6.8 

7.8 

U.O 

14.7 

12.0 

20.8 

6.0 

ao 

ao 

ao 

19.6 

17 

8.0 

5.4 

6.7 

15.0 

14.0 

10.1 

20.0 

6.8 

ao 

2.6 

5.8 

20.4 

18 

8.4 

5.2 

6.6 

16.6 

12.1 

9.0 

18.3 

6.9 

ao 

2.4 

a  5 

lao 

19 

3.6 

6.6 

5.6 

17.8 

10.6 

8.0 

16.8 

6.0 

2.9 

2.8 

7.6 

lao 

20 

8.8 

5.4 

7.8 

16.7 

9.4 

7.2 

14.0 

6.0 

2.8 

ao 

7.6 

13.0 

21 

4.3 

5.8 

10.0 

15.6 

8.0 

6.0 

10.0 

6.6 

2.8 

a  7 

7.1 

a  4 

28 

4.6 

6.2 

U.O 

14.6 

7.9 

6.0 

9.0 

5.0 

2.6 

4.0 

a  5 

ao 

2S 

3.9 

6.9 

U.O 

13.0 

6.8 

6.0 

12.2 

5.3 

2.7 

a  7 

ao 

a  6 

24 

8.5 

6.2 

12.2 

11.8 

6.4 

6.8 

12.7 

6.2 

ao 

a  6 

6.5 

5.6 

25 

8.2 

6.6 

13.8 

11.8 

6.3 

5.3 

12.7 

4.9 

ao 

a  2 

5.0 

a  2 

26 

2.7 

5.0 

12.8 

12.0 

6.7 

4.6 

11.6 

5.2 

ao 

2.7 

6.3 

7.5 

27 

2.6 

5.0 

11.4 

13.3 

7.0 

4.4 

10.2 

6.0 

ao 

4.0 

ao 

as 

28 

2.8 

4.0 

9.8 

13.5 

8.0 

3.8 

12.0 

5.2 

ao 

ao 

9.0 

a  6 

29 

3.0 

8.6 

13.4 

8.6 

4.4 

12.4 

6.6 

2.9 

ao 

11.0 

a  6 

ao 

8.6 

7.8 

18.5 

9.2 

4.7 

19.3 

4.2 

a  4 

ao 

10.4 

a  6 

31 

8.7 

....... 

8.0 

10.0 

20.6 

4.6 

....... 

ao 

a  4 
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OPERATIONS   AT   BIYEB    STATIONS,    1899. PART   I.         1*0.35 


Daily  noon  gage  height  in  feet  of  Connecticut  River  at  Highway  Bridge^ 

Hartford^  Connecticut — Contintied. 


18B6. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.0 

7.8 

6.0 

15.4 

13.2 

8.0 

4.6 

4.0 

3.7 

5.0 

8.1 

2 

7.7 

7.8 

6.8 

15.5 

12.5 

7.0 

4.2 

4.0 

8.2 

4.0 

7.4 

6.5 

a 

7.6 

7.8 

5.6 

18.8 

11.6 

6.7 

4.0 

4.3 

3.0 

4.5 

6.6 

6.6 

4 

7.4 

7.7 

5.4 

12.4 

10.9 

6.4 

4.0 

4.6 

3.0 

Z.2 

6.3 

7.5 

6 

7.2 

7.6 

5.0 

10.5 

10.0 

6.2 

4.0 

4.5 

3.0 

4.0 

6.8 

8.5 

6 

6.9 

7.5 

4.6 

9.9 

10.4 

6.0 

3.8 

4.4 

8.2 

6.1 

5.6 

9.5 

'  7 

6.8 

7.4 

4.9 

9.4 

10.6 

6.8 

3.4 

4.2 

3.4 

9.0 

5.4 

8.8 

8 

7.6 

7.8 

5.4 

940 

9.8 

5.6 

8.0 

4.0 

3.7 

6.0 

5.1 

8.5 

9 

7.4 

7.3 

6.8 

8.6 

9.0 

4.8 

8.0 

3.9 

3.6 

5.8 

6.8 

7.3 

10 

7.3 

7.6 

6.4 

8.5 

8.4 

4.7 

2.8 

4.0 

a7 

5.6 

5.0 

6.S 

11 

7.2 

7.6 

6.8 

8.4 

''•i 

4.5 

2.7 

3.8 

8.4 

5.1 

8.6 

6.8 

12 

7.0 

7.4 

8.0 

8.7 

7.(f 

4.7 

2.6 

3.2 

3.0 

6.0 

13.0 

6.3 

18 

6.8 

8.5 

10.8 

9.0 

8.0 

5.0 

2.4 

3.5 

8.0 

4.5 

12.0 

5.8 

14 

8.1 

9.7 

17.4 

9.5 

9.6 

6.5 

2.2 

8.4 

3:2 

5.0 

10.0 

5,7 

15 

9.5 

9.8 

20.0 

9.7 

9.8 

8.0 

2.0 

8.2 

3.2 

6.5 

9.0 

6.9 

18...... 

9.8 

9.0 

21.0 

10.0 

10.2 

7.7 

1.9 

3.0 

3.4 

6.8 

7.9 

6.0 

17 

9.8 

8.4 

20.0 

12.0 

10.4 

7.4 

1.8 

2.7 

3.0 

6.0 

7.6 

6.0 

18 

8.8 

7.6 

19.0 

14.5 

10.2 

7.0 

1.6 

2.6 

2.5 

5.8 

7.2 

5.9 

19 

7.6 

7.8 

18.0 

18.0 

9.0 

7.2 

8.0 

2.6 

2.0 

5.6 

10.0 

6.0 

20 

6.0 

8.2 

18.8 

12.2 

8.2 

7.4 

&1 

4.0 

2.2 

5.7 

11.3 

6.0 

21 

8.2 

12.0 

19.1 

11.6 

7.8 

7.5 

8.1 

4.6 

a2 

6.3 

12.4 

6.0 

22 

10.0 

12.0 

21.2 

12.6 

7.3 

7.0 

3.3 

3.9 

2.4 

7.2 

11.7 

,     5.9 

23 

10.6 

10.3 

20.5 

18.5 

6.8 

6.6 

8.8 

3.7 

8.2 

7.1 

10.7 

60 

24 

11.4 

9.0 

18.2 

14.5 

7.4 

6.0 

3.4 

3.4 

8.0 

7.0 

9.6 

8.0 

26 

10.4 

7.8 

17.3 

16.5 

8.0 

5.8 

3.6 

4.4 

4.5 

7.2 

9.0 

7.7 

26 

9.0 

6.8 

16.5 

16.6 

10.0 

5.6 

3.6 

5.8 

6.5 

6.6 

8.2 

7.5 

27 

9.0 

6.5 

15.5 

17.0 

11.2 

5.4 

3.6 

4.9 

6.3 

7.1 

7.5 

7.0 

28 

8.5 

6.0 

14.5 

16.5 

18.6 

5.1 

3.7 

4.0 

6.6 

9.7 

6.4 

6.5 

29 

7.8 

14.8 

14.9 

12.7 

4.8 

8.8 

4.0 

6.8 

9.7 

6.1 

6.5 

30 

7.5 

15.8 

14.0 

11.8 

4.5 

8.8 

4.3 

5.0 

9.2 

6.0 

6.4 

31 

7.0 

16.4 

10.3 

3.9 

4.5 

8.7 

6.7 

llWw. 


1. 

2. 
3- 
4. 

5. 

6. 
.7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17- 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


7.5 

6.0 

8.7 

9.2 

19.3 

4.0 

2.7 

ai 

a2 

L6 

4.5 

7.6 

5.7 

8.7 

9.3 

18.4 

4.0 

2.7 

2.5 

ao 

.6 

4.7 

7.7 

6.6 

8.5 

9.5 

18.1 

4.0 

2.8 

ao 

Z.7 

.8 

4.8 

7.7 

5.4 

7.5 

9.2 

18.0 

a7 

2.-9 

2.9 

2.9 

1.9 

4.9 

7.8 

5.5 

7.2 

8.5 

17.0 

a4 

2.9 

a  4 

ao 

2.2 

ao 

10.2 

5.7 

8.7 

8.6 

15.8 

3.8 

ao 

ao 

2.8 

2.1 

ao 

11.5 

6.6 

9.8 

9.0 

14.0 

8.2 

ao 

2.5 

a7 

ai 

5.0 

11.0 

6.2 

9.0 

11.0 

12.5 

3.7 

ao 

2.5 

2.7 

2.0 

4.5 

10.5 

5.6 

8.6 

13.1 

10.9 

8.0 

ai 

2.6 

2.8 

ao 

4.4 

8.0 

5.0 

8.0 

15.4 

9.4 

8.0 

ai 

2.2 

2.5 

as 

4.8 

8.5 

4.6 

7.5 

15.1 

8.5 

3.0 

a2 

a2 

2.2 

as 

4.2 

8.6 

4.6 

8.5 

14.5 

8.0 

3.0 

a  2 

a2 

2.3 

as 

4.1 

8.2 

4.5 

9.7 

15.1 

7.6 

2.7 

2.5 

a2 

2.3 

a  4 

4.0 

8.0 

4.7 

11.0 

15.5 

7.0 

2.6 

2.6 

2.8 

2.8 

as 

4.5 

8.1 

5.0 

11.0 

18.5 

6.5 

2.6 

2.6 

2.2 

2.4 

a  7 

4.0 

b.2 

5.2 

11.2 

20.0 

6.5 

2.6 

2.7 

2.6 

a2 

a  8 

as 

8.5 

5.5 

10.6 

21.5 

6.2 

3.0 

2.7 

a4 

as 

ao 

as 

10.0 

5.5 

9.5 

20.6 

6.0 

3.0 

2.7 

a  5 

2.8 

ao 

as 

9.5 

5.5 

9.7 

20.2 

5.7 

8.0 

2.8 

a2 

2.4 

as 

a4 

8.5 

6.0 

10.1 

20.5 

5.5 

8.0 

2.9 

a  4 

2.7 

ao 

a  4 

7.9 

6.5 

9.2 

21.5 

5.5 

8.0 

2.9 

a  2 

2.6 

a  2 

a4 

7.8 

6.6 

8.4 

21.2 

6.5 

3.0 

ao 

ao 

a  2 

a4 

a  6 

6.8 

6.8 

7.8 

20.9 

5.5 

8.4 

ao 

2.6 

as 

ao 

a7 

7.0 

7.2 

7.7 

20.8 

5.2 

a  3 

ai 

2.2 

ai 

a  8 

ao 

8.0 

7.1 

7.4 

21.3 

5.2 

a  2 

ao 

ao 

2.7 

ao 

4.0 

8.0 

7.7 

7.0 

21.6 

4.6 

ai 

4.2 

2.7 

ao 

ao 

4.5 

8.0 

7.7 

6.6 

22.0 

4.5 

ao 

a  7 

2.6 

ao 

ao 

S.0 

7.5 

8.5 

6.5 

21.9 

4.3 

2.9 

4.4 

2.5 

2.8 

4.0 

ao 

7.0 

7.6. 

21.0 

4.2 

a  2 

4.2 

a  2 

ai 

4.1 

ao 

6.5 

8.8 

2D.0 

4.5 

2.7 

ao 

a  2 

ao 

4.2 

a4 

6.2 

9.0 

4.3 

2.5 

2.8 

4.8 

as 
as 
a7 

3.8 

a9 

4.0 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.8 
4.8 
4.8 
4.8 
4.8 
4.7 
4.6 

ao 

4.9 

4.8   1 

*-^ 

4.6   I 

4.6  , 
4.5 

4.4  ' 

4.8  I 

4.3  I 

in 
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MOHAWK  RIVER  AT  RIBGE  MILLS,   NEW  YORK. 

Mohawk  River  rises  in  Lewis  County,  New  York,  and  flows  southerly 
through  Oneida  County,  and  turning  to  the  east  finally  empties  into 
Hudson  River.  It  is  shown  through  the  greater  portion  of  its  length 
on  the  Oneida,  Oriskany,  Utica,  Fonda,  Amsterdam,  Schenectady, 
and  Cohoes  tojwgraphic  sheets  of  the  United  States  Geological  Sur- 
vey. The  measurements  on  this  stream  and  its  tributaries  were 
instituted  as  previously  described  on  page  20  by  Mr.  Gteorge  W. 
Rafter  for  the  United  States  Board  of  Engineers  on  Deep  Water- 
ways. The  station  at  Ridge  Mills  is  located  at  the  dam  of  the  Rome 
waterworks,  3  miles  above  Rome.  The  drainage  area  of  the  Mohawk 
River  at  this  point  is  153  square  miles.  Two  gages  are  read  twice  a 
day  by  Daniel  Brown,  engineer  at  pumping  station — one  above  the 
dam  showing  the  height  on  the  crest  and  one  in  the  tailrace  in  order 
to  determine  the  head  on  the  wheels.  The  crest  of  the  dam  has  an 
irregular  profile,  and  in  order  to  facilitate  computation  is  divided  into 
three  parts.  The  flow  over  section  A  was  computed  from  Bazin's 
experiments  of  November  and  December,  1895,  series  No.  162,  with 
q=8.026  mLHi.  The  flow  over  sections  B  and  (7,  which  is  over  flash- 
boards,  is  computed  from  Francis's  formula  for  sharp-crested  weirs. 
Experiments  were  conducted  at  Cornell  University  on  an  experimental 
weir  corresponding  to  Bazin's  series  No.  162,  and  from  the  coefiicients 
obtained  a  discharge  curve  plotted  to  correspond  with  the  discharge 
curve  of  Bazin's.  All  computations  of  flow  at  this  x)oint  made  before 
June  1,  1899,  were  made  by  using  Bazin's  coefficients,  but  in  subse- 
quent computations  the  Cornell  coefficients  were  used.  The  dam  is 
of  timber,  backed  with  stone,  and  has  very  little  leakage.^ 

a 

1  On  flow  of  water  over  dams,  by  Oeorge  W.  Rafter:  Proo.  Am.  Soc  Civ.  Eng.,  March,  1900, 
Vol.  XXVI,  Na  8,  p.  3U. 
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Estimated  daily  discharge  in  second-feet  of  Mohawk  River  at  IHdge  MiUsy  New 

Yorkt  for  1899, 

[Drainage  area  158  aqoare  miles.] 


Day. 

June. 

Jnly. 

Ang. 

Sept 

Oct. 

Nor. 

Dec. 

1 

339 
819 

m 

259 
214 
232 
232 
262 
269 
279 
249 
282 
282 
302 
402 
399 
359 
339 
282 
279 
262 
259 
299 
259 
259 
259 
249 
249 
249 

262 
262 

232 
249 
202 
127 
262 
3ii2«i 
669 
499 
879 
369 
339 
389 
319 
399 
519 
8lfv 

882 
839 

302 
382 
299 
282 
275 
262 
289 
165 
138 
178 
178 

218 
233 
248 
131 
146 
131 
126 
121 
126 
129 
139 
169 
265 
245 
275 
295 
230 
230 
245 
245 
265 
295 
272 
289 
262 
269 
309 
309 
278 
315 
200 

85" 

85 
86 
95 
89 
86 
99 
115 
136 
112 
85 
79 
79 
56 
66 
66 
60 
69 
69 
53 
53 
79 

98 
208 
233 
263 
200 
310 
290 
260 
290 
310 
340 
260 
310 
260 
310 
240 
220 
290 
290 
290 
240 
260 
260 
310 
540 
22C 
810 
340 
360 
260 
260 

75 
75 
105 
135 
95 
135 
145 
135 
1.35 
165 
125 
135 
145 
145 
145 
145 
135 
136 
145 
165 
165 
145 
145 
146 
135 
146 
135 
166 

339 
76 
75 
129 
158 
158 
172 
190 
576 
575 
147 

"iis" 

168 
158 

"  isi ' 

151 
129 
151 
172 
172 
172 
172 
339 
339 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 : 

24 

25 

26 

27 

28 

29 

30 

31 

Mean 

281 

810 

226 

81 

278 

186 

207 

NINEMILE   CREEK  AT  STITTVILLE,   NEW  YORK. 

This  stream  rises  in  the  northern  part  of  Oneida  County,  New  York, 
and  flows  south  into  Mohawk  River.  A  portion  of  its  course  is  shown 
on  the  Oneida  topographic  sheet  of  the  Geological  Survey.  Obser- 
vations were  made  on  this  creek  at  Stittville,  which  is  reached  by  the 
Rome,  Watertown  and  Ogdensburg  Railroad.  The  drainage  area  of 
Ninemile  Creek  at  Stittville  is  63  square  miles.  The  station  was 
located  at  an  old  timber  dam  built  to  furnish  power  to  a  gristmill 
and  sawmill.  One  gage  was  read  at  the  bridge  above  the  dam,  giving 
the  height  on  crest,  and  one  at  tailrace  below  the  dam,  which,  with  the 
upper  gage,  gave  the  head  on  wheels.  The  dam  had  a  somewhat  irr^- 
ular  crest,  but  was  repaired  by  the  Board  on  Deep  Waterways.  The 
flow  over  section  -4,  which  is  the  bulkhead,  is  computed  from  Bazin's 
experiments  in  October,  1887,  series  No.  115,  with  q=8.025mLH*. 
The  flow  over  section  -B,  which  is  a  spillway,  is  computed  from  Bazin's 
experiments  of  July,  1894,  series  130,  with  q=8.025mLH*.  A  new 
curve  was  later  drawn,  based  upon  experiments  carried  on  at  Cornell 
University,  corresponding  to  Bazin's  series,  Nos.  115  and  120.  This 
dam  leaks  badly,  so  that  low-water  flows  are  of  questionable  accuracy. 
There  are  in  the  mill  two  standard  Leffel  wheels,  one  a  23-inch  wheel 
and  the  other  a  40-inch  wheel,  and  a  record  was  kept  of  the  head  on 
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the  wheels  and  the  amount  of  openings,  so  that  the  quantity  of  water 
passing  through  the  wheels  can  be  computed.  The  results  obtained 
from  this  station  were  of  such  questionable  accuracy  that  the  station 
was  abandoned  on  June  30,  1899. 

OBISKANT  CREEK  AT  COLEMAN,   NEW  YORK. 

This  stream  rises  in  Oneida  County,  New  York,  and  flows  in  a 
northerly  direction,  emptying  into  Mohawk  River.  It  is  shown 
through  a  part  of  its  course  on  the  Oriskany  topographic  sheet  of  the 
United  States  Greological  Survey.  Observations  for  the  computation 
of  flow  of  Oriskany  Creek  have  been  made  at  Coleman,  5  miles  above 
the  junction  of  the  creek  with  Mohawk  River,  and  at  Oriskany,  2 
miles  farther  down.  The  station  at  Coleman  was  located  at  Reeders 
Mills.  The  dam  located  here  impounds  water  to  furnish  power  for 
the  picking  mill  and  cotton  mill  on  the  west  bank  and  for  the  grist- 
mill and  sawmill  on  the  east  bank.  The  gages  were  read  above 
the  dam,  giving  the  height  on  crest,  and  in  the  headraces  and  tailraces 
of  each  of  the  mills,  giving  the  heads  on  wheels.  The  dam  is  of  earth, 
with  a  timber  crest,  irregular  in  profile.  For  convenience  in  compu- 
tation the  crest  has  been  divided  into  nine  parts.  The  flow  over  this 
dam  was  computed  from  Bazin's  experiments  of  November,  1895,  series 
No.  170.  The  station  was  established  September  20,  1898,  and  con- 
tinued until  February  28,  1899,  when  it  was  abandoned. 

ORISKANY  CREEK  AT  ORISKANY,  NEW  YORK. 

The  drainage  area  of  Oriskany  Creek  at  this  station  is  144  square 
miles.  The  flow  is  measured  over  the  State  dam,  the  gage  showing  the 
height  on  crest  being  located  on  the  left  bank  just  above  the  dam.  The 
crest  is  of  irregular  profile,  and  in  order  to  facilitate  computation  is 
divided  into  three  parts.  No  experiments  have  been  made  to  deter- 
mine coef&cients  for  a  dam  of  this  section,  so  it  was  considered  by 
Mr.  Cteorge  W.  Rafter  that  the  mean  between  the  coefficients  obtained 
by  Bazin  in  his  exx>eriment8,  series  Nos.  141  and  117,  would  best  fit 
the  conditions  at  this  dam.  Experiments  were  afterwards  conducted 
at  Cornell  University  on  a  similar  section.  For  a  cross  section  of 
this  dam  reference  should  be  made  to  the  paper  on  "Flow  of  water 
over  dams,"  by  Gteorge  W.  Rafter:  Proc.  Am.  Soc.  Civ.  Eng.,  March, 
1900,  p.  312.  All  computations  of  discharge  up  to  June  1  were  made 
from  coefficients  as  determined  by  Bazin;  all  subsequent  observa- 
tions have  been  computed  by  using  the  Cornell  coefficients.  Water 
passing  through  the  Erie  Canal  feeder  is  determined  by  knowing  the 
relative  heights  of  the  gage  above  the  dam  and  of  the  one  below  the 
gates  in  the  feeder.  The  difference  between  these  two  readings  gives 
the  head  on  the  gate.     The  stem  of  the  gates  is  marked  so  that  the 
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amonnt  of  openings  at  any  time  can  be  determined.  Readings  of 
the  two  gages  and  the  two  gate  stems  are  made  twice  a  day  by  Frank 
Baker. 

Estimated  daUy  discharge  in  seoondrfeei  of  Orishany  Cresk  at  Oriifetxnyy  Mno 

York,  for  1899. 

[Dndxiage  area,  144  square  mUea.] 


D»y. 

Jnne. 

July. 

All«. 

Sept 

Got 

Nov. 

Deo. 

1 

90 

80 

80 

80 

80 

80 

80 

80 

80 

80 

89 

94 

88 

94 

104 

101 

94 

118 

118 

118 

113 

113 

118 

118 

118 

118 

118 

118 

118 

118 

R 
% 

184 
170 
104 
100 
117 
124 
124 
124 
124 
208 
208 
197 
183 
188 
270 
270 
270 
196 
196 
196 
196 
196 
196 
196 
196 

206 
206 
167 
126 
126 
177 
177 
195 
195 
195 
196 
195 
195 
195 
206 
206 
206 
206 
206 
206 
206 
206 
206 
206 
206 
194 
184 
184 
184 
98 
98 

88 

87 

78 

10 

75 

108 

101 

183 

176 

180 

160 

95 

78 

87 

85 

88 

U5 

123 

119 

138 

161 

129 

162 

108 

112 

181 

282 

216 

185 

206 

180 

138 

108 

99 

119 

188 

128 

188 

95 

68 

106 

97 

98 

26 

72 

46 

106 

68 

71 

48 

88 

78 

86 

88 

70 

70 

54 

168 

72 

66 

115 

380 
175 
115 
188 
144 
816 
874 
488 
864 
894 
634 
684 
664 
684 
564 
484 
624 
684 
208 
63 
124 
164 
174 
214 
174 
438 
818 
818 
668 
789 

90 

108 

78 

108 

80 

107 

90 

40 

80 

10 

45 

340 

380 

80 

05 

80 

40 

65 

260 

180 

110 

60 

60 

70 

60 

40 

80 

85 

80 

05 

TO 

t 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 

Mean 

99 

180 

186 

126 

91 

an 

89 

aKo  reoord  July  1  to  5. 
SAUQUOIT  GREEK  AT  NEW  YORK  HILLS,  NEW  YORK. 

This  creek  rises  in  Oneida  County,  New  York,  and  flows  in  a  north- 
erly direction,  emptying  into  Mohawk  River.  It  is  shown  in  a  part  of 
its  course  on  the  Oriskany  topographic  sheet  of  the  United  States  Geo- 
logical Survey.  Observations  of  flow  are  made  on  this  creek  at  New 
York  Mills,  at  which  x>oint  the  creek  has  a  drainage  area  of  52  square 
miles.  One  gage  is  located  at  the  dam,  which  furnishes  power  for 
mill  No.  3,  and  is  read  by  E.  D.  Cronk.  A  gage  in  the  headrace  near 
the  mill  wheels  and  one  in  the  tailrace,  are  read  by  Robert  Hughes. 
The  flrst  gage  gives  the  head  on  crest  of  weir,  and  the  two  located  at 
the  mill  give  the  head  on  wheels.  The  quantity  flowing  through  the 
wheels  is  added  to  the  flow  over  the  dam  to  give  the  total  flow  of  the 
creek.  The  dam  is  of  earth,  with  plank  facing,  and  there  is  little 
leakage.  For  a  cross  section  of  this  dam  see  Mr.  Rafter's  paper  on 
*  ^  Flow  of  water  over  dams. "  The  profile  of  the  crest  of  the  dam  is  some- 
what irregular,  and  in  order  to  facilitate  computation  has  been  divided 
into  nine  parts.    Each  part  is  assumed  to  have  a  horizontal  crest  line. 
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The  flow  over  each  part  has  been  computed  separately  for  various 
heads  and  a  curve  drawn  showing  the  relation  of  the  total  quantity 
flowing  over  the  dam  to  various  gage  heights.  From  this  curve  the 
total  quantity  for  each  head  can  be  read  off  at  once  without  making 
a  sex)arate  computation  for  each  part  of  the  dam.  The  flow  over  sec- 
tions AtoEy  inclusive,  in  this  dam  was  computed  by  using  the  coeffi- 
cients determined  by  Bazin's  experiments  of  1895,  series  No.  175, 
with  q=8.025mLH^.  The  flow  over  sections  F  and  (?,  which  is  over 
flashboards,  was  computed  from  Francis's  formula  for  sharp-crested 
weirs,  with  q=3.33LH'.  In  the  mill  there  are  two  27-inch  Hercules 
turbines,  and  records  are  made  of  the  head  on  wheels  and  the  open- 
ing of  the  gates  twice  each  day.  These  turbines  were  rated  by  the 
Holyoke  Power  Company,  so  that  by  noting  the  head  and  the  gate 
openings  the  quantity  of  water  passing  through  the  wheels  can  be 
computed. 

Estimated  daily  discharge,  in  aecond-feet,  of  Sauquoit  Creek  at  New  York  MiUs, 

New  York,  for  1899, 
fDrainage  area,  52  square  miles.] 


Day. 

Jnna 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

42 
84 
18 
80 
42 
56 
48 
89 
28 
84 
31 
28 
20 
19 
30 
84 
38 
34 
80 
80 
23 
21 
25 
23 
24 
26 
20 
19 
20 
21 

12 

27 

10 
80 
27 
18 
16 
25 
81 
80 
27 
19 
22 
18 
80 
28 
27 
27 
19 
11 
8 
0 
27 
80 
22 
27 
11 
14 
0 
27 

17 
11 
48 
80 
12 

0 
26 
25 
22 

0 
25 
14 

0 
25 
22 
18 

5 
18 

5 

0 

22 

19 

•   16 

5 
15 
10 

0 
22 
80 
18 

5 

18 

5 

0 

0 

88 

82 

6 

21 

12 

0 

22 

19 

19 

8 

5 

15 

0 

19 

19 

13 

14 

21 

10 

0 

22 

15 

22 

18 

18 

10 

0 
29 
24 
21 
15 
16 

8 
18 
18 
18 
18 
18 
16 

7 

13 
18 
15 
16 
18 
14 
12 
18 
24 
18 
22 
10 
15 

7 

19 
82 
26 

58 

42 
21 
26 
29 
82 
82 
24 
24 
19 
29 
29 
29 
24 
24 
21 
24 
21 
24 
26 
26 
26 
25 
21 
18 
22 
24 
24 
21 
21 

19 
18 
23 
82 
22 
26 
26 
19 
12 
14 
16 
72 
64 
88 
82 
35 
35 
38 
82 
42 
54 
36 
32 
80 
25 
82 
28 
16 
19 
13 
14 

2 

8 

i 

6 

6 

7 

8 

9 

10 

11 

12 

18 

U 

15 

16 

17 

IB 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

81 

Mean 

29 

20 

15 

14 

17 

26 

29 

WEST  CANADA  CREEK  AT  MIDDLEVILLB,  NEW  YORK. 

This  creek  rises  in  the  southwestern  part  of  Hamilton  County,  New 
York,  and  flows  in  a  southwesterly  direction  through  Herkimer 
County,  emptying  into  Mohawk  River.  It  has  considerable  fall 
throughout  its  length,  with  chances  of  water-power  development. 
Measurements  of  flow  have  been  made  at  Middleville,  at  the  dam  of 
the  Nelson  Knitting  Company.  The  drainage  area  of  West  Canada 
IRR35 i 
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Creek  at  this  point  is  519  square  miles.  There  is  a  ga^e  located  just 
above  the  dam  which  gives  the  depth  of  water  on  crest ;  also  a  gage  in  the 
headrace  and  one  in  the  tailrace  of  the  Nelson  Knitting  Mill.  There 
are  also  gages  in  the  tailraces  of  the  gristmill  and  planing  mill  locate 
below  on  the  same  headrace.  By  these  gages  the  flow  is  determined 
over  the  dam,  through  the  wheels  of  the  Nelson  Knitting  Company's 
mill,  and  at  the  gristmill  and  planing  mill.  The  dam  is  of  timber,  with 
very  little  leakage.  In  the  Nelson  Knitting  Mill  is  one  66-inch  standard 
Leffel  turbine,  in  the  planing  mill  one  24r-inch  Rochester  turbine,  in 
the  sawmill  one  28-inch  Chase  turbine,  and  in  the  gristmill  one  36-inch 
Camden  turbine.  Observations  of  the  height  and  amount  of  gate 
opening  of  these  wheels  are  made  twice  a  day  by  E.  J.  Nelson.  Near 
the  center  of  the  dam  there  is  an  ice  slide  56  feet  in  length.  The  pro- 
file of  the  crest  is  nearly  horizontal  except  at  the  ice  slide.  The  flow 
over  this  dam  is  computed  from  Bazin's  experiments  of  December, 
1895,  series  No.  170.  The  experimental  section  of  weir  corresponding 
to  the  Rexford  Flats  dam  agrees  more  closely  to  the  form  of  the 
Middleville  dam  than  the  experimental  weir  used  by  Bazin.  A  revised 
discharge  curve  has  been  drawn,  using  the  coeflBcient«  as  found  in  the 
Cornell  University  experiment  No.  15,  corresponding  to  the  Rexford 
Flats  dam.  For  a  cross  section  of  this  dam  see  Mr.  Rafter's  paper 
"  On  flow  of  water  over  dams." * 

Estimated  daily  discharge  in  second-feet  of  West  Canada  Creek  at  MiddUvUU, 

New  York,  for  1899. 
[Drainage  area  619  square  miles.] 


Day. 

June. 

I.IU 
763 
593 
550 
531 
480 
294 
814 
258 
182 
130 
283 
297 
248 
753 
839 
499 
8^ 
839 
831 
873 
846 
263 
203 
155 
283 
273 
280 
808 
275 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

198 
140 
200 
116 
240 
240 
256 
204 
675 
293 
807 
443 
445 
343 
236 
430 
600 
660 
479 
345 
327 
225 
140 
241 
241 
241 
244 
239 
171 
115 
284 

273 
292 
845 
816 
237 
155 
286 
262 
256 
242 
246 
214 
125 
254 
246 
253 
239 
235 
174 
110 
226 
245 
257 
229 
254 
183 
110 
255 
247 
262 
269 

257 
191 
145 
145 
210 
205 
195 
219 
169 
145 
188 
2t)l 
221 
306 
204 
189 
145 
197 
208 
213 
239 
238 
204 
145 
209 
476 
433 
248 
218 
886 

480 
610 
470 
486 
337 
253 
288 
190 
232 
230 
2)4 
210 
239 
219 
140 
241 
238 
286 
217 
152 
261 
190 

•  245 
225 
238 
231 
267 
224 
965 

1,040 
629 

1,281 
2,867 
1,744 
1,100 
1,040 
831 
469 
642 
482 
890 
420 
410 
842 
818 
872 
843 
868 
872 
220 
887 
810 
868 
298 
273 
278 
249 
812 
292 
810 
810 

330 
580 

2 

3 

4 

710 

710 

5 

518 

540 

1.750 

1,670 

840 

700 

640 

8,150 

4,710 

2.580 

740 

840 

640 

1,000 

1,880 

8,620 

2,530 

1,400 

990 

1,150 

900 

840 

680 

540 

640 

640 

800 

6 

7 

8 ,... 

9 ::......:.. 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

23 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Mean 

397 

824 

285 

221 

824 

677 

1.269 

J  Proc.  Am.  Soc.  Civ.  Eng.,  March,  1900,  Vol.  XXVI,  No.  3,  p.  816. 
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MO£tAW&  RIVER  AT  LTTTLE  PALLS,  NEW  YORK. 

The  second  x>oint  of  measurement  of  Mohawk  River  was  at  Little 
Falls,  where  the  drainage  area  of  the  Mohawk  River  is  1,306  square 
miles.  There  is  at  this  point  a  stone  dam  which  furnishes  power  for 
the  Astronga  Knitting  Mill  and  the  Little  Falls  Paper  Company's  mill. 
The  gage  in  the  headrace  of  the  Astronga  Knitting  Mill  gives  the 
height  on  the  crest  of  the  dam  and  with  the  gage  in  the  tailrace  gives 
the  head  on  the  wheels.  These  two  gages  are  read  by  J.  J.  Gil- 
bert. There  is  a  gage  in  the  headrace  and  one  in  the  tailrace  of  the 
Little  Falls  Paper  Company's  mill,  giving  the  head  on  the  wheels. 
Record  of  these  gages  is  kept  by  William  Hoffman.  The  dam  varies 
somewhat  in  section  from  one  side  of  the  river  to  the  other.  The 
crest  of  the  dam  is  horizontal  and  is  divided  into  two  parts  to  facil- 
itate computation,  on  account  of  the  variation  in  sections.  The  flow 
over  section  A  was  computed  from  Bazin's  experiments  of  July,  1887, 
No.  117;  and  that  over  section  B^  from  Bazin's  exx)eriments  of  June, 
1894,  series  No.  135.  A  revised  discharge  curve  was  later  used,  based 
upon  Cornell  experiments  Nos.  16  and  17.  In  the  Astronga  Knitting 
Mill  there  is  installed  one  43-inch  and  one  54-inch  T.  H.  Risdon  &  Co.'s 
turbine;  and  in  the  Little  Falls  Paper  Company's  mill  one  60-inch  Cam- 
den, one  36-inch  Camden,  and  one  42-inch  Camden,  also  one  60-inch 
wheel  built  by  M.  Reddy.  Records  are  kept  of  the  flow  through  all 
of  these  wheels  whenever  running. 

Estimated  daily  discharge^  in  aecondrfeetf  of  Mohawk  River  at  Little  Falls,  New 

York,  for  1899,  * 

[Drainage  area,  1,806  square  miles.] 


Day. 


1. 

8. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

2n. 

21. 

28. 

28. 

24. 

25. 

26. 

27. 

28. 

29. 

30 

31. 


Mean. 


June. 


1.967 

1,610 

1,821 

1,075 

1,466 

1,216 

1.016 

1,062 

962 

764 

1,176 

060 

660 

685 

960 

1.800 

1,800 

966 

568 

1.010 

1,105 

985 

866 

745 

851 

759 

634 

585 

660 

585 


1,014 


July. 


569 
498 
860 
484 

490 

668 

627 

661 

1,660 

2,598 

1.800 

1.880 

1,222 

941 

884 

648 

1,815 

1,811 

1,066 

1,008 

767 

95 

963 

496 

496 

516 

496 

510 

460 

60 

697 

808 


Aug. 


506 
606 
135 
136 
166 

0 
183 
131 
131 
130 
316 
383 

0 
389 
352 
351 
244 
251 
216 
65 
158 
283 
235 
208 
208 
246 
136 
348 
188 
219 
277 

283 


Sept. 


278 
271 

30 
396 
545 
388 
878 
875 
811 
7 
873 
870 
270 
811 
231) 
184 

55 
878 
867 
881 
220 
849 
120 

55 
888 
225 
556 
980 
642 
723 


208 


Oct. 


704 
651 
651 
491 
584 
399 
240 
160 
357 
297 
274 
305 
274 
268 
196 
354 
339 
344 
330 
355 
331 
142 
360 
401 
392 
360 
387 
314 
1.388 
2.293 
1.882 

600 


Nov. 


2,829 

6.600 

4.738 

3,081 

3.262 

2,847 

1,908 

1,718 

1,628 

1,451 

717 

1,112 

1.526 

1,448 

1.150 

1,009 

1.120 

1,087 

984 

1,070 

1.120 

1.145 

1,066 

987 

900 

829 

822 

960 

900 

886 


1,700 


J.i^90« 


1,425 

1,130 

1.960 

1.475 

1.425 

1,000 

800 

920 

1,060 

7,000 

2.075 

5,960 

10,<ttO 

7,760 

6,650 

2,875 

1,280 

1,000 

4,130 

7.850 

6,500 

5.120 

4.460 

1,575 

1.525 

1,175 

875 

960 

700 

460 

380 

2,960 
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EAST   CANADA    CREEK  AT  DOLGEVILLE,   NEW  YORK. 

This  creek  rises  in  Hamilton  County,  New  York,  and  flows  in  a 
southerly  .direction  between  Fulton  and  Herkimer  counties  into 
Mohawk  River.  Observations  are  taken  on  this  creek  at  Dolgeville, 
about  7  miles  from  its  junction  with  the  Mohawk,  reached  from  Little 
Falls  by  a  branch  of  the  New  York  Central  Railroad.  The  station  is 
located  at  the  stone  dam,  which  furnishes  i>ower  for  the  Dolgeville 
Electric  Light  Company.  The  dam  is  about  19  feet  high,  of  solid 
stone  masonry,  and  the  water  impounded  is  conducted  from  the  dam 
to  the  power  house,  a  distance  of  about  500  feet,  through  a  wrougfat- 
iron  flume  10  feet  in  diameter.  A  gage  located  on  the  abutment  of 
the  dam  and  one  in  the  tailraoe  of  the  power  house  are  read  twice 
each  day  by  Henry  Meyer,  who  is  employed  in  the  power  house.  The 
crest  of  the  dam  is  horizontal,  and  flow  over  it  is  computed  from 
Bazin's  experiments  of  July,  1887,  series  No.  117.  Experiments  known 
as  No.  13  were  carried  on  at  Cornell  University  to  determine  coefficients 
of  flow  over  a  weir  of  similar  form.  In  the  power  house  there  are 
installed  three  Smith- Vaile  Victor  wheels;  two  of  them  36  inch  and 
one  15  inch.  Records  are  kept  of  the  daily  head  on  these  wheels  and 
the  amount  of  gate  openings. 


Estimated  daUy  discharge  in  secondrfeet  of  East  Canada  Creek  ai  DolgeviUe,  New 

York,  for  1899. 

[Dralnaipe  area  266  square  miles.] 


Day. 

June. 

1 

890 

2 

800 

8 

240 

4 

6 

6 

7 

280 

8 

290 

9 

220 

10 

230 

11 

12 

238 
290 

18 

290 

U 

230 

16 

280 

18 

270 

17 

192 

18 

164 

19 

180 

20 

21 

200 
800 

22 

280 

23 

210 

24 

182 

26 

184 

28 

190 

27 

190 

28 

180 

20 

100 

80 

leo 

81 

Mean 

221 

July. 


146 
100 
148 
04 
160 
150 
170 
280 
809 


283 
218 
218 
218 
196 
294 
880 
280 
210 
170 
166 
136 
99 
146 
166 
175 
160 
175 
165 


166 
196 


Aug. 


166 


240 

180 

186 

99 

166 

160 

160 

160 

170 

180 

60 

40 

20 

125 

80 

125 

40 

40 

120 

120 

120 

180 

140 

120 

40 

120 

120 

120 

120 


Sept. 


106 
178 
178 

99 
128 
118 
118 
108 

75 
108 
108 
120 
108 
108 
108 
108 
108 
108 
106 
125 
125 
120 
120 
120 
120 
225 


180 
170 
190 


127 


Oct. 


70 
166 
160 
160 
146 
140 
140 
180 
120 
140 
180 
125 
120 
120 
160 
120 
125 
160 
160 
J66 
160 
116 
125 
160 
146 
146 
140 
140 
800 
880 


168 


Nov. 


1,000 
1,600 
840 
710 
480 
680 
410 
880 
860 
840 
810 
110 
260 
260 
200 
810 
280 
200 
160 
200 
240 
280 

220 
190 
180 
180 
180 
180 
180 


867 


Dec. 


175 

310 

880 

400 

810 

20O 

190 

190 

190 

200 

230 

1,850 

2,880 

1,420 

1,040 

880 

710 

1,240 

1,600 

610 

1,380 

840 

740 

490 

890 

210 

800 

810. 

810 

280 

160 

688 
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GABOGA  CRBBK  AT  FORT  PLAIN,  NEW  YORK. 

This  stream  rises  in  Fulton  Coanty,  New  York,  and  flows  in  a  south- 
westerly direction  into  Mohawk  River.  Observations  for  the  compu- 
tion  of  flow  have  been  taken  at  Levi  Yoran's  mill,  at  Fort  Plain.  The 
dam  here  located  is  of  wood  and  fairly  tight.  Gages  were  read  above 
the  dam,  giving  the  height  on  crest,  and  in  the  tailraee  of  the  mill. 
The  water  is  conducted  from  the  creek  above  the  dam  through  the 
mill  by  a  4-foot  circular  flume  laid  underground.  The  flow  over  this 
dam  is  computed  from  Bazin's  experiments  of  July,  1894,  series  No. 
130,  with  q=8.025mLH^.  Experiments  were  afterwards  conducted 
at  Cornell  University,  from  which  new  coef&cients  were  determined 
and  a  revised  discharge  curve  plotted.  In  the  mill  there  is  installed 
one  28-inch  and  one  11-inch  Lesner  turbine,  made  at  Fultonville,  New 
York.  These  wheels  were  seldom  used,  but  when  they  were  run  care- 
ful records  were  kept  of  the  head  and  gate  openings,  so  that  the 
quantity  passing  through  the  wheels  added  to  the  flow  over  the  dam 
would  give  the  total  flow  of  the  creek.  On  May  30, 1899,  observations 
at  this  station  were  discontinued. 

CAYADUTTA  CREEK  AT  JOHNSTOWN,  NEW  YORK. 

This  creek  rises  in  Fulton  County,  New  York,  and  flows  in  a  south- 
erly direction  into  Mohawk  River  near  Fonda.  Observations  are 
made  at  the  dam  of  the  Johnstown  Electric  Light  and  Power  Com- 
pany, 1  mile  below  Johnstown,  the  record  being  kept  by  E.  Shook, 
superintendent.  The  dam  is  33  feet  high,  is  built  of  timber,  and  has 
very  little  leakage.  The  impounded  water  is  carried  from  above  the 
dam  to  the  wheelhouse  through  a  5-foot  circular  wooden  flume. 
G-ages  are  read  above  the  dam,  giving  the  height  on  crest,  and  in 
the  tailraee,  which  show  the  head  on  wheels.  The  profile  of  the  crest 
is  somewhat  irregular,  and  to  facilitate  computation  has  been  divided 
into  four  parts,  the  crest  lines  of  each  pait  being  assumed  horizontal. 
The  flow  over  section  (7,  which  is  the  regular  spillway,  is  computed  from 
Bazin's  experiments  of  July,  1894,  series  No.  130,  with  q=8.025mLH'. 
The  flow  over  sections  A^  By  and  2),  which  are  the  bulkheads,  is  com- 
puted from  Bazin's  experiments  of  July,  1887,  series  No.  115.  Experi- 
ments upon  sections  which  are  considered  to  corresx)ond  more  closely 
Mrith  the  conditions  at  Johnstown  were  carried  on  at  Cornell  Univer- 
sity, and  a  revised  discharge  curve  derived,  using  the  coefficients 
determined  by  the  Cornell  experiments.  In  the  computation  for  the 
revised  discharge  curve  the  coefficients  derived  from  experiment  No. 
12,  corresponding  to  Bazin's  experiment  No.  115,  were  used  for  sections 
j4-.  By  and  D;  and  those  determined  by  experiment  No.  2,  corresx>ond- 
tag  to  Bazin's  series  No.  135,  were  used  for  section  C 
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For  a  cross  section  of  this  dam  see  Mr.  Rafter's  paper  ^'On  flow  of 
water  over  dams."^ 

Estimated  daily  discharge  in  seoondrfeet  of  Cayadutta  Creek  at  Johnstown,  New 

York,  for  1899, 


[Drainage  area, 

40  square  miles.] 

■ 

D»y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

1 

80 
28 
29 
17 
29 
28 
18 
80 
21 
19 
18 
80 
25 
24 
25 
25 
26 
17 
25 
87 
82 
83 
82 
82 
18 
29 
26 
80 
80 
22 

21 
15 
24 
17 
20 
20 
19 
84 
16 
27 
25 
18 
18 
16 
18 
18 
28 
26 
26 
20 
19 
23 
8 
18 
22 
19 
16 
17 
17 
14 
26 

20 
22 
32 
22 
21 
11 
19 
20 
20 
20 
17 
23 

8 
20 
20 
20 
20 
20 
19 

9 
16 
16 
14 
16 
16 
14 
11 
15 
16 
16 
16 

16 
20 
12 
19 
28 
16 
28 
22 
17 
7 
'  16 
19 
20 
17 
19 
20 
U 
19 
20 
21 
20 
17 
19 
14 
20 
82 
86 
26 
27 
26 

12 
24 
24 
25 
17 
15 
19 
9 
18 
20 
24 
23 
18 
20 
17 
24 
26 
38 
21 

18 
18 
19 
16 
80 
80 

33 
81 
28 
48 
84 
26 
38 
26 
22 
27 
26 
20 
28 
28 
80 
20 
21 
20 
6 
27 
27 
26 
26 
24 
26 
14 
80 
28 
28 
15 

19 

""ii" 

87 

37 

23 

23 

23 

23 

13 

27 
238 
207 
145 

55 

40 

44 

86 

51 

85 

62 

42 

26 

19 

56 

60 

25  ! 

24 

20 

19 

11 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 

Mean 

26 

20 

18 

20 

21 

26 

49 

a  Repairing  dam;  water  drawn  off  October  20  to  23. 


SCHOHARIE  CREEK  AT  FORT  HUNTER,   NEW  YORK. 

Schoharie  Creek  rises  in  Green  County,  New  York,  and  flows  in  a 
northerly  direction  through  Schoharie  and  Montgomery  counties,  and 
empties  into  Mohawk  River  near  Tribes  Hill  Station.  Observations 
for  the  computation  of  flow  are  made  on  this  creek  at  the  State  dam, 
which  impounds  water  for  the  feeder  of  the  Erie  Canal  at  Fort  Hunter. 
The  dam  is  of  timber  and  practically  free  from  leakage.  The  profile 
of  the  crest  of  the  dam  is  somewhat  irregular,  and  to  f  acilitfite  compu- 
tation is  divided  into  six  parts,  each  part  being  assumed  horizontal. 
The  value  of  the  coeflBcients  of  flow  over  this  dam  has  been  obtained 
by  taking  the  mean  of  the  coefficients  for  series  Nos.  117  and  141  of 
Bazin's  experiments.  Cornell  experiments  No.  114,  performed  upon 
the  section  corresponding  to  the  Rexf  ord  Flats  dam,  was  considered 
to  conform  more  closely  to  the  conditions  at  Fort  Hunter  than  the 
sections  used  by  Bazin,  and  a  revised  discharge  curve  was  drawn, 


*  Proc.  Am.  Soc.  Oiy.  Kji^^  ICarch,  1000,  Vol.  XXVI,  No.  3,  p.  816. 
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using  the  Cornell  coefficient.'  A  measurement  of  Schoharie  Creek 
was  made  near  the  village  of  Schoharie,  New  York,  by  students  of  the 
Summer  School  of  Surveying  of  the  Massachusetts  Institute  of  Tech- 
nology in  June,  1889,  under  the  direction  of  Prof.  Geoi^e  F.  Swain. 
Measurement  was  made  by  means  of  a  Fteley  meter.  The  results 
showed  a  discharge  of  97^  second-feet. 


IS  MT  aqiure  miles.] 


D>T.,                 jQDe. 

July.o 

AI1K.O 

Sept.o 

Oct. 

Mot. 

I>ec. 

, 

w 

tT 

i 

I 

,1 

if 
'fi 

f:S 

9IK 

flSl 

si 

i 
1 

i 

186 

1 

1 

1 
i 

1 

sas 
sgs 

896 

,B86 

:i 

1 
1 

,T»6 

i 

i 

1 
1 

w 

il 

915 

1 

615 

IS:::::.::::::--.- 

1,880 

a  Data  not  BuSdent  to  compote  record  tor  July,  Aasiut.  and  September 
HOHAWK   RIVER  AT   SCHENECTADY,    NEW   YORK. 

A  few  measurements  of  the  flow  of  Mohawk  River  have  been  made 
at  Freeman's  toll  bridge,  about  one-fourth  of  a  mile  above  the  Dela- 
ware and  Hudson  Canal  Company's  railroad  bridge  and  about  1  mile 
below  the  New  York  Central  and  Hudson  River  Railroad  bridge.  A 
temporary  station  was  established  here  on  January  S8,  1899,  and 
maintained  until  September  30,  1899,  by  Prof.  Elton  D.  Walker,  of 
Union  College,  Schenectady,  New  York.  The  observer  is  Mrs.  J. 
Di^n.  The  equipment  consists  of  a  wire  gage  with  a  4-pound  iron 
sash  weight  and  galvanized  line.  The  graduated  rod  is  fastened  to 
the  guard  rail  on  the  upstream  side  of  the  northwest  section  of  the 

r  danu,  br  Oeorge  W.  Ratter :   Proo,  Am.  Soc.  CIt,  En;.,  March,  1900, 
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bridge  and  is  marked  in  tenths  of  a  foot  from  zero  to  17  feet.  There 
is  a  bench  mark  on  the  upstream  end  of  the  top  of  the  capstone  on 
the  pier  nearest  the  northwest  or  right  bank  of  the  river.  A  second 
bench  mark  is  the  southerly  corner  of  the  top  of  the  masonry  bridge 
seat  on  the  upstream  end  of  the  northwest  abutment.  Both  bench 
marks  are  23.96  feet  above  the  zero  of  the  gage.  The  initial  point 
for  soundings  is  the  face  of  the  bridge  seat  on  the  upstream  end  of 
the  southeast  abutment.  The  channel  is  approximately  straight  and 
of  uniform  width  for  600  feet  above  and  half  a  mile  below  the  site. 
The  section  is  obstructed  by  three  piers  and  crib  foundations,  but  is 
otherwise  good.  The  swiftest  current  is  through  the  southeast  Bpaji, 
The  right  bank  is  low  and  liable  to  overflow,  but  the  road  running  to 
the  northwest  prevents  the  overflow  passing  around  the  bridge  except 
in  unusually  high  freshets.  The  left  bank  is  high,  being  the  tow- 
path  of  the  Erie  Canal,  and  is  not  liable  to  overflow  except  in  extremely 
high  freshets  occurring  at  the  time  of  an  ice  jam  in  the  river  below. 
Measurements  are  made  from  the  upstream  side  of  the  bridge.  The 
three  following  discharge  measurements  were  made  during  1899  by 
Prof.  E,  D.  Walker:  April  3,  gage  height  7.18  feet,  discharge  5,298 
second-feet;  May  26,  gage  height  6.22  feet,  discharge  2,092  second- 
feet;  June  30,  gage  height  5.38  feet,  discharge  482  second-feet. 

Daily  gage  height  in  feet  of  Mohawk  River  at  Schenectady^  New  York,  for  1899. 


Day. 

Feb. 

1 

6.60 

2 

6.80 

8 

6.10 

4 

6.10 

6 

6.10 

6 

7 

6.70 
6.10 

8 

9 

10 

6.10 
6.20 
6.80 

11 

6.10 

1)8 

6.90 

18 

6.90 

U 

6.90 

16 

16 

6.95 
6.00 

17 

6.00 

18 

6.00 

19 

6.00 

SO 

6.16 

21 

6.80 

22 

6.86 

23 

8.86 

24 

8.84 

25 

8.00 

26 

7.70 

27 

7.86 

28 

8.10 

29 

ao 

81 

Mar. 


8.16 
8.05 
7.60 
7.20 
8.00 
18.80 
10.98 
9.00 
8.80 
8.20 
7.86 
7.66 
11.84 
10.16 
9.40 
8.70 
8.00 
7.70 
7.80 
8.40 
8.60 
7.90 
7.66 
7.76 
7.96 
7.70 
7.80 
7.25 
7.10 
7.76 
7.28 


Apr. 


7.45 

7.60 

7.40 

7.10 

7.80 

8.43 

9.68 

10.16 

11.13 

9.80 

9.80 

10.90 

11.80 

12.96 

18.60 

12.88 

11.66 

11.25 

11.20 

11.60 

11.66 

U.IO 

10.70 

10.69 

10.60 

10.45 

10.40 

10.00 

9.46 

8.86 


May. 


8.60 
8.45 
8.75 
7.95 
7.40 
7.00 
6.70 
6.66 
6.46 
6.25 
6.20 
6.20 
6.45 
6.60 
6.60 
6.65 
6.40 
6.68 
6.80 
6.98 
7.86 
7.25 
6.95 
6.68 
6.85 
6.22 
6.10 
6.05 
6.20 
6.70 
7.00 


June. 


[a) 

(.50 

6.46 

6.48 

6.40 

6.88 

5.80 

5.28 

5.83 

6.80 

6.70 

5.72 

6.68 

6.48 

6.46 

6.90 

6.66 

6.46 

6.40 

6.40 

6.88 

6.88 

6.88 

6.85 


July. 


6.88 
5.80 
6.80 
5.80 
5.28 
6.23 
6.28 
6.80 
6.83 
6.7B 
6.10 
6.98 
6.70 
6.60 
6.48 
6.46 
6.40 
6.70 
5.68 
6.66 
6.46 
5.45 
6.80 
6.25 
5.23 
6.20 
6.20 
6.20 
6.20 
6.82 
6.15 


Aug. 


5.20 
6.18 
5.85 
5.85 
5.40 
5.88 
6.20 
5.20 
5.16 
6.16 
5.16 
6.18 
5.20 
5.20 
6.15 
5.12 
6.10 
6.12 
6.05 
6.12 
6.10 
6.06 
6.05 
5.10 
6.10 
6.06 
6.10 
5.12 
6.05 
6.10 
6.10 


Sept. 


6.10 
6.17 
6.16 
6.17 
6.20 
6.18 
6.16 
6.20 
6.20 
6.12 
6.10 
5.10 
6.  OB 
6.05 
6.06 
6.05 
6.00 
5.03 
6.00 
6.10 
6.10 
6.10 
6.10 
5.10 
6.06 
6.63 
8.05 
6.85 
5.90 
6.75 
(6) 


a  Bepairing  bridge. 


&  Discontinued  September  801 


NEW   YOKK. 


HOaAWK   RIVEK  AT   BEXFORD   FLATS,    NBW  YORK. 

Observations  of  river  height  are  made  at  Rexford  Flats,  i  miles 
below  Schenectady,  for  the  computation  o(  flow  of  Mohawk  River. 
This  is  a  State  dam,  built  of  solid  masonry,  with  a  timber  apron,  and 
famishes  water  for  the  feeder  of  the  Erie  Canal.  Gages  are  read 
showing  the  height  on  crest  of  the  dam  and  the  head  on  the  feeder 
gate,  so  that  the  amount  of  water  flowing  over  the  dam  into  the  feeder 
can  be  determined.  The  profile  of  the  crest  of  the  dam  is  irregular, 
and  to  facilitate  computation  has  been  divided  into  five  sections.  The 
value  of  the  coefl&cients  for  any  depth  on  the  crest  of  this  dam  has 
beeti  obtained  by  taking  the  mean  of  the  corresponding  coefficients  for 
series  Nos.  117  and  141  of  Bazin's  experiments.  Experiments  were 
carried  on  at  Cornell  University  to  determine  the  coefficients  of  flow 
over  an  experimental  weir  of  the  exa«t  form  of  the  one  located  at  Rex- 
ford Flats.  This  was  known  as  "Cornell  experiment  No.  14."  A 
revised  discharge  curve  was  computed,  using  the  coefficients  as  deter- 
mined by  these  experiments.  H.  R.  Betts  is  the  observer  at  this 
station.  In  comparing  the  results  obtained  at  Little  Falls  and  Rex- 
ford Flats,  Mr.  Robert  E.  Ilorton,  who  has  made  the  computations, 
states  that  he  has  not  beeuable  to  reconcile  them,  the  former  appearing 
to  be  the  more  accurate  and  the  latter  too  small  in  proportion.  For 
a  cross  section  of  this  dam  see  the  paper  "  On  flow  of  water  over  dams," 
by  Geoi^  W.  Rafter:  Proe.  Am.  Soc.  Civ.  Eng.,  March,  1900,  p.  312. 
Daily  ditcharge  in  seeond'/eet  of  Mohawk  River  at  Rexford  Flats,  Nete  Fijrft,  for 
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SCHROON  RIVBR  AT  WABRENSBUBG,  NEW  YOBK. 

This  river  rises  in  Essex  County,  along  the  southern  slopes  of  the 
highest  mountains  in  the  Atlantic  group,  and  flows  in  a  general  south- 
erly direction  for  about  45  miles,  until  it  joins  Hudson  River,  as 
described  in  Water-Supply  Paper  No.  24,  page  43.  There  are  no 
developed,  water  powers  excepting  that  at  Warrensburg,  near  the 
mouth.  At  this  point  records  of  river  height  have  been  kept  by  J. 
Goodfellow,  the  superintendent  of  the  Schroon  River  Pulp  Company, 
The  dam  at  this  point  was  built  in  1893,  and  is  said  to  be  as  tight 
as  any  of  its  kind.  The  observations  were  begun  in  1895,  the  gages 
being  established  by  Mr.  George  W.  Rafter  in  connection  with  his 
investigations  of  the  Upper  Hudson  storage  surveys,  in  progress  at 
that  time.  Mr.  Wallace  Greenalch,  as  assistant  to  Mr.  Rafter,  com- 
puted the  flow  of  the  river,  but  in  his  opinion  these  computations 
were  to  a  certain  extent  vitiated  by  the  possible  leakage  through  the 
dam  and  oomplications  introduced  by  flashboards  being  continually 
changed. 

HUDSON  BIVBR  AT  FORT  EDWARD,  NEW  YORK. 

This  river,  as  a  whole,  has  been  described  in  Water-Supply  Papers 
Nos.  24  and  25.  Estimates  of  flow  have  been  made  at  two  points,  the 
upper  at  Fort  Edward,  about  halfway  between  the  mouth  of  Schroon 
River  and  Albany,  and  the  lower  at  Mechanicville,  above  the  mouth 
of  Mghawk  River.  Records  are  being  kept  of  the  height  of  water 
surface  above  the  crest  of  the  dam  at  Fort  Edward  by  the  International 
taper  Company,  B.  A.  Carr,  superintendent.  The  estimated  discharge 
was  computed  at  the  office  of  the  State  engineer  and  surveyor,  but 
without  taking  the  modifications  introduced  by  the  flashboards  into 
account.  The  data  were  later  placed  in  the  hands  of  Mr.  Robert  E. 
Horton,  but  he  has  had  opportunity  to  compute  the  flow  during  only 
one  or  two  months.  There  is  a  peculiarity  in  regard  to  the  method 
of  reading  the  gage,  but  otherwise  the  results  are  satisfactory  and 
worthy  of  computation. 

HUDSON  RIVER  AT  MECHANICVILLE,  NEW  YORK. 

A  daily  record  of  the  height  of  water  passing  over  the  dam  of  the 
Duncan  Company,  at  Mechanicville,  New  York,  has  been  kept,  with 
few  omissions,  since  1887,  as  described  in  the  report  prepared  by 
George  W.  Rafter.^  These  observations  are  made  twice  daily,  at  7 
a.  m.  and  at  4  p.  m.,  except  Sundays,  when  the  afternoon  observa- 
tions are  omitted.  The  depth  of  the  water  on  the  crest  of  the  dam  is 
measured  at  a  point  sufficiently  removed  from  the  crest  not  to  be 
influenced  by  the  curve  of  the  water  surface.     Besides  these  readings, 

>  Water-Sapply  and  Irrigation  Pikper  Na  24,  page  78. 
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the  difference  in  elevation  between  the  surface  of  the  water  at  the 
entrance  and  discharge  from  the  water  wheels  is  noted.  The  flow,  as 
stated  by  B.  P.  Bloss,  the  engineer  of  the  Duncan  Company,  is 
obtained  by  the  use  of  Francis's  formula  for  weirs  with  wide  crests: 
q=3  LHf ,  in  which  q  is  the  discharge  in  cubic  feet  per  second,  H  the 
head  in  feet  on  crest  of  the  dam,  and  L  the  length  of  the  dam,  which, 
in  this  case,  is  794  feet.  The  coefficient  used  (3)  was  determined  for 
•dam  of  similar  cross  section.  When  the  water  wheels  are  in  opera- 
tion the  head  on  wheels  is  determined  by  observation,  and  the  amount 
of  water  used  on  each  wheel  under  the  given  head  is  taken  directly 
from  the  table  given  by  the  water-wheel  builder.  There  being  no 
leakage  of  the  dam  or  canal  the  sum  .of  the  flow  over  the  dam  and  the 
flow  through  the  wheels  gives  the  total  flow  of  the  river  at  the  time 
of  the  observation. 


DaUff  discharge  in  second-feet  of  Hudson  River  at  MechanicviUe,  New  York. 

[Drainage  area,  4,500  square  miles.] 
1806. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Deo. 

1 

84,147 

8,177 

22,189 

81,647 

9.060 

6,«7 

8,884 

8.874 

8,077 

8,991 

8,484 

18,088 

2 

28,847 

8,289 

38,900 

80,147 

7.262 

6.687 

8,824 

8,786 

1,770 

8,441 

8,662 

11.660 

3 

19,547 

3,402 

87,625 

18,947 

7.027 

6.027 

2,284 

8,099 

1,770 

3.916 

3,888 

2'2S5 

4 

15,627 

8,402 

25,880 

1*'2P 

6.802 

4.762 

2,884 

8,949 

1,770 

4.010 

8,888 

7.890 

6 

11,662 

8,627 

26,230 

14,774 

6,802 

4,477 

2,824 

8,674 

1,770 

4.116 

8,668 

7,450 

({ 

7,677 

8,477 

18,182 

18,468 

6.208 

4,477 

2.824 

8.324 

8,066 

8.841 

88,835 

7,575 

/,700 

7 

5,677 

13,827 

17,247 

14,327 

6.677 

4,389 

8.999 

8,884 

4,841 

8.666 

85,736 

8 

5,602 

7,427 

16,822 

18,187 

5,402 

4.302 

^^Jh 

8.824 

8.816 

3,916 

^.885 

6,868 

9 

5,677 

6,802 

16,897 

18,187 

4,902 

6,277 

8.799 

2.418 

8.916 

8,916 

^,735 

7.880 

10 

5,602 

5,177 

14,247 

18,677 

5.002 

6,887 

8.774 

8,499 

8.791 

8,441 

19,066 

11.498 

U 

5,377 

5,177 

11,837 

18,887 

5.102 

8,187 

8,774 

8.449 

8.616 

3,678 

16,086 

^5'^ 

12 

5,189 

4,877 

8,508 

15,706 

4.477 

7,987 

8,624 

8.399 

8.541 

8,916 

15,736 

10.067 

18 

4,902 

4,202 

7,887 

17,689 

4.687 

6,087 

8,474 

8,484 

8,441 

S'S^ 

14,186 

9.288 

14 

4,902 

4,087 

7,127 

86,314 

8.802 

6,187 

8,624 

8.899 

S»^i 

8,791 

18,680 

S'iKS 

15 

4,702 

4,877 

6,789 

84,414 

8,002 

«'S1 

2,824 

8.874 

8,491 

7,416 

11,682 

7.960 

1« 

4,802 

8,864 

6,462 

av.776 

8,877 

5.677 

2,384 

8,884 

8,491 

6,766 

10,486 

6.863 

17 

4,152 

8,862 

6,027 

.48,300 

3,877 

••^ 

8.824 

8.394 

8.891 

6,741 

10,680 

9.186 

18 

8,877 

8,677 

5,602 

66.400 

8,877 

4,677 

8,384 

8.484 

8.841 

5,878 

9,635 

6.750 

1» 

4,127 

4,077 

6,677 

69,398 

8.852 

4,168 

8,884 

8.499 

8,866 

*'S« 

8.880 

5,860 

20 

4,877 

4,152 

15,702 

62,060 

3.227 

4,077 

8,824 

8.474 

8,608 

4,866 

7.686 

5.188 

21 

4,162 

8,762 

11, 9n 

45.400 

8,227 

4,139 

8,949 

8,894 

4,741 

4.016 

6.965 

*'K 

22 

4,027 

8,677 

10,077 

87.436 

2.977 

4,808 

4,824 

8.874 

4,691 

4,641 

7.086 

4.800 

23 

8,962 

8,789 

8,177 

32.814 

2.962 

8,177 

5,349 

8,861 

*»H® 

4,166 

7.066 

4.400 

24 

8,677 

8,802 

6,102 

86,280 

8.062 

»'!iS 

4,774 

8,348 

8,716 

4,166 

6.685 

8,435 

26 

8,802 

8,962 

6,302 

21,672 

8,162 

8,777 

Jig* 

8,374 

2'5?f 

4,141 

6.886 

8,918 

26 

8,877 

8,802 

7,877 

18,849 

2.  on 

8,677 

8,074 

8,824 

8,991 

4,116 

9.186 

4.400 

27 

8,962 

8,677 

13,097 

16.027 

8.162 

8,427 

2,724 

2,324 

8,991 

8,116 

10,485 

*'259 

28 

8,627 

3,677 

9,177 

12,102 

8.687 

8,489 

2.449 

2,324 

8,991 

8,916 

11.685 

4.800 

20 

8.277 

11,477 

18,787 

10,077 

8,802 

8,588 

8.849 

8.324 

8.791 

8,116 

12.110 

3,675 

ao 

8,177 

....... 

16,397 

9.477 

5,087 

8,877 

8.474 

2.824 

8,866 

3,841 

18,685 

''852 

31 

Mean 

8,177 

80,147 

5.827 

8,874 

8,824 

....... 

8,316 

4,800 

6,791 

4,668 

13,600 

24,972 

4,610 

4,738 

8,772 

8.442 

8,879 

4,106 

U,868 

6,913 
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SAWKILL  RIVER  NEAR  KINGSTON,   NEW   YORK. 

The  Sawkill,  a  small  stream  which  sapplies  Kingston,  New  York, 
with  water,  has  been  measared  by  Mr.  William  Rich  Hatton,  at  a 
point  about  4.5  mites  above  its  mouth  in  Esopus  Creek,  its  discharge 
being  1.25  second-feet.  On  two  occasions  after  heavy  rains  the  dis- 
charge at  the  same  place  has  been  more  than  8,000  second-feet  from 
a  drains^  area  of  35  square  miles.  This  quantity  continued  a  very 
short  time,  probably  about  an  hour.  The  location  of  this  stream  is 
shown  on  the  Kaaterskill  topographic  sheet.  It  rises  behind  Over- 
look Mountain,  flows  by  the  village  of  Woodstock,  and  joins  the 
£sopus  about  i  miles  below  the  eity  of  Kingston.  Reservoir  No.  1  is 
shown  on  the  map,  but  reser\'oir  No.  2,  constructed  in  1897,  about  1^ 
miles  below  Woodstock,  is  not  given. 

In  April,  1895,  the  mountains  being  covered  with  snow  13  inches 
deep,  there  occurred  a  south  wind  and  light  rain  for  two  days 
followed  by  twelve  hours  of  very  heavy  rain.  On  the  evening  of 
April  4  the  water  in  reservoir  No.  1  began  to  rise  rapidly,  and  about 
9  p.  m.  the  noise  of  the  floating  logs  and  ice  and  the  rapidly  rising 
water  alarmed  the  gate  keeper  so  that  he  moved  his  more  important 
furniture  by  boat  to  higher  ground.  At  midnight  the  water  was  at  its 
highest  and  by  8  a.  m.  on  April  5  it  was  falling  rapidly.  From  the 
maximum  height  of  water  on  the  spillway  it  is  computed  that  the  out- 
flow of  the  reservoir  was  a  little  less  than  8,000  second-feet.  In  1896 
it  is  estimated  that  a  similar  flood  furnished  over  8,000  second-feet. 
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CROTON  RIVER. 

This  stream  receives  its  waters  from  the  drainage  area  immedi- 
ately north  of  the  city  of  New  York  and  east  of  Hudson  River.  It 
flows  in  a  general  southerly  and  westerly  course,  emptying  into 
the  Hudson  above  Sing  Sing.  A  number  of  reservoirs  have  been 
built  within  its  basin  for  the  water  supply  of  the  city  of  New  York, 
and  a  new  dam  is  being  constructed  about  3.2  miles  above  the  month, 
at  what  is  known  as  the  "Cornell  site."  The  location  of  the  river 
and  principal  reservoirs  is  shown  on  the  West  Point,  Carmel,  Tarry- 
town,  and  Stamford  topographic  sheets  of  the  United  States  Geolog- 
ical Survey.  Figures  of  the  yield  of  this  watershed  have  been  pre- 
pai*ed  by  the  engineers  of  the  aqueduct  commission.  The  monthly 
discharges  in  second-feet  for  the  years  1870  to  1898  have  been  printed 
in  the  Twentieth  Annual  Report,  Part  IV,  page  83.  The  following 
table,  obtained  from  Mr.  W.  R.  Hill,  chief  engineer,  gives  a  continu- 
ation of  this  for  1899.  The  figures  of  rainfall  are  those  obtained  at 
Boyds  Comers,  in  Croton  basin. 

Rainfall  and  runroff  of  Croton  River  watershed  for  1899. 

[Drainage  area,  838  square  miles.] 


Month. 


• 

Jannary 

February 

March 

April 

May 

June  ...^ 

July 


Rainfall. 

Bun-off. 

Inches. 

Sec-feet. 

4.88 

1,210 

5.07 

943 

7.68 

2,217 

1.99 

1.240 

1.80 

344 

6.88 

152 

5.99 

3U 

Month. 


August  ....... 

September 

October 

Noyember .... 
December 

The  year 


BainfalL 


Inches. 
0.4B 
8.81 
1.48 
2.05 
2.75 


47. 7« 


Run-off. 


A 


Sec  -feet 
114 

ao5 

287 

277 


The  total  depth  of  run-off  in  inches  during  1899  was  25.55,  this 
being  53  per  cent  of  the  rainfall,  as  given  in  the  above  table. 


DELAWARE   RIVER  AT  LAMBERTVILLB,   NEW  JERSEY. 

This  river  rises  in  Delaware  County,  New  York,  flows  in  a  southerly 
direction,  forming  the  boundary  between  the  States  of  Pennsylvania 
and  New  Jersey,  and  empties  into  Delaware  Bay.  Measurements  of 
flow  were  made  in  1891  by  Prof.  Dwight  Porter  and  students  at  the 
Delaware  Water  Gap,  Pennsylvania.  The  results  show  a  flow  of 
from  2,000  to  2,200  second-feet  during  the  latter  half  of  June,  1891. 
This  was  said  to  be  the  lowest  June  stage  for  five  j'ears.  Measare- 
ments  were  made  during  the  drought  of  1895  by  Prof.  L.  M.  Haupt  at 
Point  Pleasant,  Pennsylvania,  near  the  intake  of  the  Delaware  and 
Raritan  Canal  feeder.  The  discharge  above  the  bridge  was  1,657 
second-feet  and  below  the  bridge  1,328  second-feet.  Delaware  River 
was  measured  by  E.  G.  Paul,  June  4,  1899,  at  Martins  Creek,  Penn- 
sylvania, 7  miles  above  the  mouth  of  Lehigh  River,  and  a  discharge 
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of  2,724  Recond-feet  was  found.  Lehigh  River  was  measured  on  June 
5, 1899,  by  E.  G.  Paul,  at  the  Glendon  Bridge  at  Easton,  Pennsylvania, 
and  was  discharging  991  second-feet.  Systematic  measurements  of 
river  height  were  begun  on  July  23,  1897,  at  the  covered  toll  bridge 
at  Lambertville,  New  Jersey,  a  town  on  the  Belvidere  division  of 
the  Pennsylvania  Railroad,  16  miles  above  Trenton.  The  gage, 
established  by  £.  6.  Paul,  consists  of  a  stamped-link  brass,  chain  33 
feet  long,  with  a  6-pound  sash  weight  attached.  The  ch^in  passes 
over  a  pulley  and  the  index  is  referred  to  a  scale  painted  on  a 
horizontal  board  32  feet  long,  fastened  to  the  studding  and  inclosed 
in  a  wooden  cover.  The  zero  of  the  gage  chain  is  marked  by  a 
copper  rivet,  which  is  28.85  feet  from  the  end  of  the  weight,  and 
reads  2  feet  when  the  water  is  at  zero  on  a  gage  on  the  first  bridge 
pier.  Measurements  are  made  from  the  windows  of  this  covered 
bridge.  The  initial  i)oint  for  soundings  is  on  the  left  bank.  The 
channel  above  and  below  is  nearly  straight,  the  water  being  slug- 
gish for  a  short  space  on  the  left  side.  The  right  bank  is  high 
and'  the  bed  of  the  stream  is  of  gravel  and  sand.  The  observer  is 
Charles  H.  Naylor,  collector  of  bridge  tolls,  Lambertville,  New  Jersey. 
Records  of  measurements  may  be  found  as  follows:  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  122  ;  1898,  Twentieth  Annual  Report, 
Part  lY,  page  85.  Three  measurements  were  made  during  1899,  by  E. 
G.  Paul,  as  follows:  March  31,  gage  height  6.30  feet,  discharge  27,737 
second-feet;  June  2,  gag^  height  3.70  feet,  discharge  6,410  second- 
feet;  September  19,  gage  height  2.75  feet,  discharge  2,430  second-feet. 

Daily  gage  height  y  in  feet,  of  DeUvware  River  at  Lambertville,  New  Jersey,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

6.80 
6.80 
6.80 
6.25 
7.95 
8.30 
9.66 
8.20 
7.20 
6.45 
6.20 
6.30 
7.60 
9.15 
8.10 
7.70 
6.90 
6.46 
7.40 
8.70 
9.00 
8.05 
7.70 
7.35 
7.25 
7.00 
6.65 
6.60 
7.40 
6.80 
6.40 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.05 
(a), 
(a/ 
(a) 
5.4U 
0.05 
7.00 
6.66 
6.10 
5.80 
5.85 
5.00 
4.80 
4.90 
5.05 
5.40 
5.95 
6.10 
5.60 
5.80 
5.80 
4.95 
5.06 
4.95 
7.30 
6.00 
5.60 
6.25 
4.95 
4.96 
4.75 

(a) 

(a) 

(a) 

(a) 

4.50 

4.45 

4.40 

4.40 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

W 
(A) 

(a) 

7.60 

6.65 

6.70 

6.05 

5.95 

5.65 

5.46 

8.25 

7.20 

6.25 
6.25 
5.95 
5.80 
5.65 
5.70 
5.90 
7.40 
9.10 
8.70 
7.65 
7.15 
7.76 
8.45 
8.85 
9.00 
8.90 
7.85 
7.25 
7.06 
7.16 
7.00 
6.70 
6.15 
5.95 
5.70 
5.60 
6.40 
5.10 
4.90 

4.75 
4.60 
4.60 
4.60 
4.40 
4.80 
4.20 
4.10 
4.00 
3.90 
3.85 
4.00 
4.00 
4.00 
3.90 
8.80 
3.80 
3.70 
8.80 
3.90 
3.90 
3.80 
3.70 
3.60 
3.00 
8.60 
3.40 
3.40 
3.20 
3.20 
8.40 

3.60 
3.60 
3.30 
3.20 
8.05 
2.00 
2.96 
2.86 
2.90 
2.90 
2.86 
2.70 
2.60 
2.66 
2.60 
2.60 
2.50 
2.60 
2.45 
2.40 
2.40 
2.46 
2.75 
3.00 
3.25 
3.70 
4.30 
4.05 
4.00 
4.00 

--•ir- 

4.40 
4.30 
3.96 
3.76 
3.65 
3.66 
3.66 
8.60 
8.00 
8.80 
8.75 
8.70 
3.75 
8.55 
8.55 
8.45 
8.60 
8.60 
8.70 
3.75 
3.55 
3.50 
3.35 
3.25 
3.10 
3.15 
3.40 
4.15 
4.00 
3.85 
4.30 

4.20 
4.00 
4.00 
3.00 
3.85 
3.70 
3.00 
3.65 
3.66 
3.46 
3.66 
8.65 
3.35 
3.15 
3.10 
2.95 
2.80 
2.75 
2.60 
2.80 
2.66 
2.76 
2.90 
2.85 
2.60 
2.75 
8.96 
4.20 
3.76 
3.66 
3.65 

3.45 
3.36 
3.85 
3.30 
3.45 
4.90 
4.35 
3.95 
3.85 
8.76 
3.50 
8.90 
3.65 
3.45 
3.35 
3.15 
8.10 
2.86 
2.76 
3.90 
3.90 
3.90 
3.75 
3.70 
3.65 
5.40 
6.06 
6.25 
5.40 
5.00 

4.66 
4.46 
4.25 
4.10 
4.05 
3.96 
3.90 
3.85 
3.75 
3.70 
3.60 
3.60 
8.60 
3.50 
3.60 
3.40 
3.40 
3.45 
8.40 
3.40 
3.40 
3.46 
3.85 
3.30 
8.25 
8.20 
3.20 
3.20 
3.46 
3.25 
3.20 

3.40 
3.80 
4.05 
4.65 
4.75 
4.60 
4.55 
4.35 
3.76 
4.10 
4.10 
4.10 
1.25 
4.60 
4.46 
4.36 
4.35 
4.60 
4.50 
4.46 
4.80 
4.20 
4.20 
4.20 
4.10 
4.00 
4.00 
8.96 
8.00 
8.00 

3.80 
3.80 
3.80 
8.80 
3.96 
3.85 
3.00 
3.75 
3.75 
3.85 
3.70 
3.75 
4.20 
6.30 
5.60 
5.30 
6.10 
4.85 
4.70 
4.66 
4.75 
4.75 
4.66 
6.10 
5.46 
6.46 
5.20 
6.00 
(a) 

h 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1  15 

16 

1  17 -.... 

18 

19 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

ao 

81 

alee. 
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TOHICKON  CREEK  AT  POINT  PLEASANT,  PENNSYLVANIA. 

This  Htream  drains  an  area  of  102  square  miles  in  the  eastern  por- 
tion of  Pennsylvania  and,  flowing  easterly,  discharges  into  Dela»»re 
River  aboot  8  miles  above  Lambertville,  New  Jersey.  MeaenremeDts 
of  the  stream  were  begun  in  1885  by  Mr.  Rudolph  Bering,  andtxn- 
tinned  by  Mr.  John  E.  Codman,  bydrographer  for  the  water  depart- 
ment of  the  city  of  Philadelphia.  The  results  by  months  from  1?^^ 
to  1898,  inchisive,  are  given  in  the  Twentieth  Annaal  Report,  Pan 
rv,  beginning  on  page  98.  The  following  table  gives  the  fignrwof 
daily  flow  for  1899: 


l(  Point  iT«*Kin(, -fttiMfJuin"- 


la&2  aqiuuv  mlhe.] 


•WSHAMKY  CREEK  AT  FOHKS,  PEMSYI., 


aeral 
inae 


PENNSYLVANIA. 
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Twentieth  Annaal  Report,  Part  IV,  b^inning  on  page  104.     The  fol- 
lowing table  gives  the  daily  discharge  for  1899: 

Daily  discharge  in  seoondrfeet  o/Neshaminy  Creek  at  Forks,  Pennsylvania,  for  1899. 

[Drainage  area,  199.8  square  miles.  ] 


Day. 


1 

2 

3..: 

4 

6 

8 

7 

8 

9 

10 

11 

13 

18 

14 

15 

16... 

17 

18 

19 

20 

21 

22 

23 

24 

25 

25 

27 

28 

29 

30 

81 

Mean 


Jan. 

Feb. 

Mar. 

627 

213 

611 

458 

218 

688 

97 

218 

540 

71 

218 

686 

405 

173 

3,687 

2,105 

119 

913 

1,296 

97 

573 

305 

97 

877 

277 

105 

888 

218 

97 

843 

218 
213 

80 

510 

72 

969 

213 

72 

1,318 

288 

72 

407 

208 

72 

1,172 

189 

89 

818 

457 

319 

242 

262 

653 

722 

146 

574 

2,490 

115 

974 

742 

105 

1,378 

882 

106 

1,873 

1,763 

100 

1,402 

976 

1,117 

849 

406 

1,927 

446 

414 

333 

809 

490 

242 

3,960 

417 

213 

815 

1,396 

213 

2,417 

213 

688 

213 

443 

411 

661 

895 

Apr. 


May. 


849 
280 
243 
221 
201 
176 
255 
1,047 
362 
246 
204 
186 
176 
166 
168 
193  : 

aoi 
m 

149 
189 
129 

105 

105 

105 

105 

101 

92 

88 

73 


206 


67 
73 
67 
61 
53 
60 
47 
45 
46 
38 
64 
89 
73 
53 
48 
48 
43 
54 
68 
67 
36 
86 
44 
51 
47 
36 
81 
31 
27 
22 
27 


49 


Jnne. 


31 
31 
27 
10 
17 
17 
13 
13 
15 
19 
19 
17 
17 
15 
15 
15 
15 
13 
15 
15 
15 
15 
15 
13 
11 
13 
13 
13 
14 
15 


July. 


16 


15 

13 

9 

10 

14 

13 

10 

13 

14 

14 

13 

10 

10 

10 

8 

8 

9 

9 

8 

6 

6 

6 

6 

6 

6 

11 

23 

27 

22 

325 

68 


Ang. 


27 

248 
2,162 

104 
43 
23 
15 
15 
14 

488 
2,577 

151 
71 
48 
36 
27 
22 
19 
19 
17 
14 
19 
19 
19 
19 
13 
11 
13 
13 
14 
15 


23 


Sept. 


15 
15 
28 
41 
32 
19 
15 
15 
13 
43 

^:s 

JO 

68 

23 

15 

15 

16 

13 

41 

430 

166 

138 

65 

41 

41 

578 

2IH 

88 

03 

48 


174 


80 


Oct 

Not. 

36 

144 

31 

154 

81 

162 

27 

1,257 

22 

252 

38 

145 

60 

lOT 

53 

85 

36 

81 

27 

81 

'£i 

81 

19 

85 

19 

85 

22 

77 

19 

72 

19 

68 

22 

68 

123 

68 

113 

56 

57 

51 

41 

48 

32 

41 

27 

77 

27 

147 

22 

90 

22 

74 

22 

72 

17 

63 

24 

63 

17 

63 

24 

34 

130 

Dec. 


54 
51 
48 
t,7 
54 
48 
41 
41 
36 
36 
36 
36 
65 
80 
60 
45 
86 
31 
36 
37 
72 
57 
41 
792 
401 
125 
89 
72 
72 
63 
48 


88 


PERKIOMEN  CREEK  AT  FREDERICK,  PENNSYLVANIA. 

The  drainage  area  of  this  stream  is  immediately  west  of  that  of 
Tohickon  Creek.  It  flows  in  a  general  southerly  course,  emptying 
into  Schuylkill  River  about  18  miles  above  Philadelphia.  The  point 
of  measurement  is  at  Frederick,  about  12  miles  above  the  mouth  and 
above  tyo  large  tributaries,  known  as  West  Swamp  Creek  and  North- 
east Branch.  The  monthly  discharges  from  1890  to  1898,  inclusive, 
are  printed  in  the  Twentieth  Annual  Report,  Part  IV,  beginning  on 
page  90. 
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OPERATIONS   AT    KJVER   STATIONS,    1899. — PART   I.         lJw>.3& 


The  following  tables  give  the  daily  flow  from  the  time  the  gage  was 
established  to  1899: 

Daily  discharge  in  second-feet  of  Perkiomen  Creek  at  Frederick^  Pennsylvania, 

[Drainage  area,  152  square  milee.] 
1884. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

1 

Dec. 

1 

1 



100 
79 
71 
63 
00 
53 
53 
50 
46 
44 
38' 
39 
38 
33 
35 
37 
87 
37 
38 
37 
37 
47 
47 
41 
37 
32 
23 
23 
29 
40 

-  -r  -  -  - " 

44 
58 
58 
61 
58 
46 
48 
41 
41 
41 
37 
40 
36 
33 
25 
25 
25 
20 
16 
16 
21 
33 
48 
51 
43 
40 
41 
45 
87 
168 
238 

156 
50 
57 

n 

342 

140 

91 

7!) 

50 

48 

47 

63 

60 

75 

75 

73 

52 

48 

48 

57 

76 

96 

93 

768 

223 

142 

121 

121 

2H2 

142 

Vi 

2 

1 

54 

3 

1 

64 

4  ... 

79 

5 

— .. .  ._...-.| 

78 

6 

1 

KS8  1 

7 

1     I 

'-  -i  —  -- 

.^." 

1  3.4S 

8 

1 

1 

380  ' 

9 

.............. 

1 

330 

10 , 

1 

'   179  1 

11...  ' 

1 

■ I 

-.-._.. 

187  ' 

12 

1                        1 
.... .  ...   - 

981 

13 1 

1 

600 

14 

1 

256 

15.  ..  1 

1  2.400 

16 ' 

"  —  1'  " " 

516 

17   . 
18... 

t 
' 

r 

298 
236 

19 

20 

21  .... 
22 

1 

' 

186 

...   ^ 

00 
58 
56 
56 
45 
47 
50 
64 
58 
89 
110 

130 
lOK 
465  1 

23 

449 

24... 
26.  ... 

320 

347 

28 

1  

182  1 

27 

1 

' 

171  ' 

28 

1 

199 

29 

241 

30 

1 

387 

31 

- 

; 1 

130 

1,289 

Mean. 

. 

1 

1 

. 

-•-.    I 

1 

68 

48 

51 

124 

491  1 

1 

1 

1 

1     1 

, 

1885. 


1 

1.639 

2 

373 

3 

229 

4 

174 

6 

173 

6 

2,  (MX) 

7 

981 

8 

4;}5 

9 

339 

10 

391 

11 

3:J2 

12 

351 

Vi 

015 

14 

313 

16.... 

390 

16 

587 

17 

l.:J72 

18 

383 

19 

371 

20 

228 

21 

201 

22... 

181 

23 

163 

34 

144 

25 

141 

28 

153 

27 

151 

28 

155 

29 

145 

30 

120 

31 

113 

Mean. 

431 

PENNSYLVANIA. 
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Daily  discharge  in  second'feet  of  Perkiomen  Creek  at  Frederick^  Pennsylvania — 

Gontinned. 

1886. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8..... 
9 

10 

11 

13 

13 

14 

15 

16 

17... 

18 

19... 

ao 

21 

» 

28 

24 

25 

28 

27 

28 

29 

30 

31 

Mean. 


Jan. 


452 
218 
167 
960 

3,044 
516 
300 
222 
255 
237 
245 
199 
152 
158 
143 
148 
156 
171 
164 
177 
168 
234 
213 
152 
146 
143 
166 
707 

1,191 
877 
350 


400 


Feb. 

Mar. 

Apr. 

280 

287 

1,548 

285 

214 

482 

236 

193 

335 

304 

174 

303 

214 

177 

449 

172 

163 

4,021 

155 

143 

\,9a& 

159 

163 

640 

162 

143 

445 

163 

158 

365 

4,388 

134 

282 

3,638 

138 

267 

4,395 

150 

358 

1.120 

139 

327 

800 

J5I 

241 

711 

160 

203 

349 

152 

191 

304 

141 

174 

310 

173 

176 

282 

184 

160 

135 

1,163 

146 

213 

651 

131 

202 

329 

118 

182 

219 

125 

1,555 

196 

127 

1,661 

180 

138 

383 

184 

131 

225 

550 

136 

535 

121 

1,302 

106 

1,827 

-....' 

819 

336 

462 

May. 

1  Jane. 

\  Jaly. 

Ans. 
96 

Sept 

Oct. 

N IV. 

Dec. 

96 

101 

83 

38 

30 

52 

141 

79 

88 

73 

86 

41 

29 

67 

114 

89 

111 

67 

74 

35 

22 

33 

73 

87 

137 

71 

57 

28 

27 

30 

62 

84 

104 

50 

50 

22 

22 

51 

55 

83 

76 

52 

47 

28 

17 

36 

44 

90 

79 

47 

57 

29 

23 

53 

65 

8,004 

78 

50 

61 

34 

20 

55 

fx 

883 

72 

42 

57 

32 

23 

53 

323 

181 

320 

62 

26 

16 

49 

63 

242 

265 

190 

56 

34 

20 

41 

50 

209 

122 

101 

50 

30 

24 

36 

50 

460 

73 

S3 

42 

29 

23 

96 

116 

816 

1,967 

68 

&*> 

33 

19 

131 

374 

349 

780 

215 

34 

29 

21 

77 

268 

584 

311 

280 

38 

28 

19 

68 

173 

311 

231 

368 

47 

36 

17 

46 

171 

217 

217 

171 

44 

44 

25 

373 

212 

246 

143 

401 

« 

40 

25 

330 

820 

253 

111 

161 

37 

31 

25 

143 

445 

297 

98 

120 

33 

33 

80 

99 

262 

196 

97 

133 

26 

31 

28 

54 

172 

278 

830 

120 

26 

29 

27 

382 

138 

204 

447 

84 

33 

28 

23 

385 

182 

198 

276 

64 

34 

26 

28 

1,236 

762 

173 

216 

90 

30 

31 

23 

1,597 

249 

138 

153 

225 

32 

30 

68 

280 

208 

181 

120 

378 

27 

27 

114 

168 

179 

148 

100 

171 

26 

25 

87 

145 

123 

lOi) 

88 

111 

23 

35 

89 

134 

102 

104 

84 

29 

58 

91 

343 

256 

145 

45 

31 

33 

210 

190 

1887. 


1. 
2. 
3. 
4. 
5. 
6. 

i . 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
28. 
30. 
81. 


Mean. 


426 
888 

246 

153 

90 

85 

110 

99 

90 

76 

112 

102 

92 

908 

1,107 

401 

288 

356 

280 

205 

152 

261 

Ml 

4,008 

868 

560 

824 

266 

1,987 

1,080 

445 

528 


274 
196 
184 
269 
244 
196 
674 
1,160 
874 
515 

602 
244 

206 
648 
658 
377 
2,360 
2,061 
530 
412 
501 
428 
708 
117 
291 
800 
504 


615 


326 
264 

269 
217 
198 
194 
396 
969 
788 
1.156 
649 
324 
285 
277 
208  • 
190  I 
163  ; 
162 
170 
149 
160 
530 
469 
365 
768 
546 
814 
883 
477 
226 
227 

397 


208 
212 
250 
242 
197 
157 
144 
133 
138 
121 
128 
117 
104 
104 
102 
112 
98 
143 
279 
322 
166 
133 
146 
201 
155 
252 
209 
159 
227 
176 


171 


118 

93 

36 

1,416 

52 

101 

46 

120 

136 

34 

537 

50 

79 

40 

110 

140 

81 

250 

50 

65 

42 

109 

103 

29 

158 

42 

82 

41 

108 

57 

1,129 

133 

42 

65 

40 

92 

55 

1,474 

117 

63 

84 

22 

173 

101 

290 

139 

71 

54 

23 

279 

115 

156 

95 

53 

47 

28 

286 

89 

130 

83 

31 

39 

30 

180 

71 

437 

66 

29 

36 

47 

139 

61 

168 

66 

25 

47 

59 

119 

47 

107 

82 

559 

46 

68 

96 

41 

74 

84 

278 

41 

51 

79 

47 

62 

66 

151 

46 

42 

63 

41 

54 

54 

111 

41 

54 

71 

37 

49 

08 

56 

33 

52 

74 

36 

373 

67 

68 

30 

48 

64 

47 

139 

114 

51 

40 

47 

56 

62 

79 

128 

49 

48 

47 

54 

60 

68 

77 

74 

45 

106 

62 

55 

60 

58 

53 

77 

126 

45 

49 

70 

58 

52 

136 

91 

41 

887 

827 

239 

66 

72 

70 

54 

295 

561 

919 

50 

54 

57 

71 

123 

214 

266 

39 

66 

60 

67 

73 

140 

140 

48 

65 

58 

54 

56 

313 

96 

50 

50 

47 

47 

60 

126 

68 

53 

48 

52 

48 

47 

104 

68 

62 

50 

66 

57 

38 

131 

70 

106 

46 

56 

60 

1.198 

58 

44 

96 

loa 

273 

189 

83 

58 

54 

53 

40 

42 

42 

67 

95 

77 

63 

58 

124 

1,260 

372 

195 

168 

384 

523 

207 

128 

180 

187 

267 

325 

300 

238 

177 

174 

155 

756 

995 

517 

482 

277 


68 


OPERATIONS   AT   RIVER   STATIONS,    1899. — PART   I.         IwaSi 


Daily  discharge  in  secondL-feet  of  Perkiomen  Creek  at  Frederick,  Pennsylvania-^ 

Contmued. 

1888. 


Day. 

Jan. 

Feb. 

Bfar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

28 

23 

24 

26 

26 

27 

28 

29 

80 

31 

Mean. 

4,806 
3,318 
766 
429 
363 
279 
318 
773 
628 
326 
241 
209 
186 
2B8 
284 
266 
209 
201 
174 
161 
128 
121 
112 
104 
113 
99 
121 
144 

m 

106 
114 

476 

100 

108 

121 

95 

267 

604 

461 

272 

321 

258 

241 

156 

146 

150 

164 

168 

172 

125 

159 

1,167 

8,285 

1,171 

843 

708 

2,458 

2,322 

1,280 

368 

312 

278 
279 
311 
388 
262 
207 
188 
168 
153 
193 
602 
1,160 
352 
896 
380 
521 
862 
t>12 
444 
779 
8,589 
1,583 
429 
847 
408 
984 
1,666 
1,009 
1.412 
691 
644 

424 

369 
817 
248 
482 
2,750 
566 
847 
879 
1.545 
1,937 
525 
424 
341 
314 
517 
456 
284 
247 
251 
241 
198 
174 
169 
151 
134 
124 
127 
120 
118 

129 
124 

92 

76 

88 

104 

101 

92 

92 

117 

173 

186 

156 

148 

188 

109 

87 

128 

189 

96 

79 

76 

82 

96 

118 

111 

129 

313 

171 

124 

136 
82 
69 
62 
57 
56 
52 
61 
48 
48 
46 
50 
82 
40 
38 
37 
42 
47 
48 
35 
36 
32 
29 
32 
33 
28 
24 
32 

147 
72 

GO 
43 
38 
31 
29 
29 
30 
27 
26 
84 
67 
44 
86 
80 
22 
19 
22 
19 
18 
27 
27 
24 
19 
13 
16 
17 
23 
46 
56 
46 
58 

31 

n 

24 

26 

86 

68 

86 

62 

64 

60 

88 

111 

180 

99 

68 

42 

38 

40 

82 

28 

912 

3,336 

311 

137 

92 

60 

52 

62 

40 

43 

48 

66 

49 
88 
44 

40 

38 

84 

83 

176 

167 

99 

211 

229 

142 

101 

99 

2,691 

6,305 

576 

342 

2,804 

424 

253 

194 

170 

207 

167 

126 

106 

98 

110 

117 

96 

72 

70 

60 

848 

161 

109 

83 

71 

79 

87 

87 

87 

81 

81 

90 

88 

107 

104 

81 

86 

114 

141 

100 

626 

838 

508 

270 

184 

106 
144 
•  136 
130 
120 
124 
110 
101 
160 
641 
401 
227 
176 
189 
1,807 
716 
381 
248 
1,344 
825 
370 
276 
2S0 
108 
190 
226 
388 
327 
224 
201 

179 
149 
138 
143 
136 
144 
184 
128 
148 
20 
178 
146 
120 
98 
U5 
80 
4,786 
2,775 
601 
388 
205 
290 
201 
174 

m 

-191 
864 
489 
286 
161 
186 

643 

676 

470 

122 

58 

33 

202 

600 

166 

338 

488 

1889. 


1.... 

2 

8 

4 

6 

6 

7 

8 

9 

10..... 

11 

12 

13 

14..... 

15 

16 

17.  . 

18 

19 

20 

21... 

22 

28 

24 

25 

26 

27 

28 

29 

30 

81 

Mean. 


190 
177 
168 
150 
216 
787 
606 
810 
834 
918 
860 
290 
220 
208 
188 
178 
1,558 
684 
374 
200 
578 
526 
480 
281 
840 
889 
724 
871 
803 
248 
286 

496 


206 
190 
186 
169 
174 
190 
166 
148 
142 
128 
128 
101 
104 
122 
104 
197 
791 
1,182 
452 
219 
186 
149 
113 
101 
113 
U4 
102 


216 


76 

126 

606 

4,236 

1,480 


304 


218 
186 
175 
166 
160 
166 
158 
160 
160 
166 
173 
167 
267 
658 
302 
206 
184 
150 
187 
173 
175 
143 
126 

lee 


361 

860 

338 

281 

190 

168 

142 

123 

115 

100 

100 

109 

189 

143 

118 

106 

93 

91 

91 

82 

71 

82 

81 

71 

68 

698 

l,oB4 

1,210 

586 

262 


286 


241 

199 

171 

166 

142 

126 

115 

106 

94 

98 

158 

119 

104 

127 

137 

110 

86 

76 

60 

848 

745 


189 
134 
115 
148 
680 
728 
268 
177 
232 

»8 


2,187 
729 
880 


209 
182 
134 
118 
116 
178 
170 
874 
288 
163 
887 
754 
446 
762 
244 
162 
183 
168 
119 
98 
90 
881 
627 
249 
175 
225 


361 


246 
776 
1,401 
1,068 
715 
884 


182 
160 
183 
396 
204 
861 
440 
4,016 
550 
276 
199 
188 
468 


167 
180 
113 
104 
96 
182 
172 
168 
598 
6,567 

640 


1.648 
657 
401 


412 
884 


181 

164 

181 

173 

186 

131 

1,284 

1,613 

852 

227 

181 

158 

143 

181 

123 

116 

115 

107 

100 

98 

90 

84 

74 

67 

320 


60 

163 

208 

868 

80 

168 

280 

386 

78 

187 

1,004 

814 

70 

113 

678 

278 

67 

108 

363 

280 

71 

104 

206 

216 

80 

128 

224 

210 

71 

115 

246 

806 

72 

108 

6,889 

528 

78 

90 

1.147 

827 

R8 

87 

660 

287 

132 

90 

463 

281 

222 

193 

1,782 

221 

2S2 

286 

1,421 

800 

208 

889 

608 

806 

219 

281 

378 

822 

3,180 

150 

300 

616 

3,020 

181 

880 

887 

608 

•U9 

2.266 

282 

410 

115 

1.009 

886 

802 

209 

785 

297 

284 

186 

926 

2B2 

178 

207 

471 

284 

178 

178 

847 

198 

489 

140 

816 

198 

416 

134 

680 

848 

201 

3,866 

670 

286 

186 

1.202 

2.808 

202 

158 

451 

n6 

181  1 

189 

284 

468 

m 

266 

161 

883 

8U 

918 

208 

PENNSYLVANU. 


69 


DaUy  discharge  in  aecond-feet  of  Perkiomen  Creek  at  Frederick^  Pennsylvania- 

Gontinaed. 

i8oa 


Day. 


1 

2 

8 

4 

6..... 

6 

7 

8 

9 

10 

11  .... 

12 

13 

14 

16 

16 

17.  ... 

18 

19 

20 

21 

28 

23 

2* 

25 

26 

27 

28 

29 

80 

81 

Mean 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct, 

Nov. 

151 

192 

687 

415 

133 

104 

45 

54 

88 

55 

140 

189 

156 

872 

377 

136 

136 

447 

62 

71 

67 

129 

171 

218 

289 

290 

117 

176 

586 

49 

00 

948 

126 

196 

249 

287 

1.246 

158 

167 

804 

49 

64 

248 

118 

188 

296 

226 

1,124 

1,064 

117 

149 

54 

69 

137 

115 

238 

192 

202 

887 

636 

127 

96 

74 

68 

182 

112 

186 

148 

190 

360 

456 

m 

71 

77 

62 

451 

106 

172 

8.660 

245 

381 

288 

120 

60 

65 

69 

329 

89 

l&S 

7,061 

165 

1.149 

220 

98 

68 

148 

59 

192 

83 

141 

445 

215 

847 

181 

89 

52 

88 

64 

136 

91 

142 

1,521 

736 

407 

165 

92 

48 

64 

64 

112 

138 

182 

303 

806 

316 

243 

248 

43 

70 

57 

106 

196 

143 

267 

444 

277 

145 

664 

88 

62 

796 

102 

140 

132 

1,080 

1,156 

254 

510 

189 

87 

85 

331 

135 

117 

1,368 

874 

1,397 

226 

1,172 

126 

62 

95 

842 

143 

104 

1.215 

825 

626 

199 

436 

108 

T8 

64 

876 

122 

92 

440 

287 

412 

191 

268 

97 

88 

45 

453 

821 

200 

202 

267 

351 

m 

202 

95 

126 

92 

213 

264 

308 

28B 

228 

306 

171 

176 

79 

89 

119 

161 

186 

174 

386 

827 

362 

167 

288 

60 

61 

803 

120 

191 

136 

341 

827 

1,507 

167 

376 

67 

46 

200 

96 

156 

112 

201 

248 

4,048 

146 

187 

122 

54 

267 

91 

129 

102 

144 

212 

2,062 

139 

147 

106 

63 

162 

87 

623 

92 

154 

863 

699 

143 

183 

107 

48 

106 

75 

1,764 

91 

154 

367 

610 

198 

122 

98 

109 

91 

71 

632 

94 

145 

332 

856 

215 

1,614 

64 

1,018 

91 

60 

849 

80 

190 

269 

426 

200 

2,610 

65 

212 

099 

98 

246 

79 

129 

527 

1,583 

208 

497 

49 

116 

2S6 

86 

191 

73 

188 

Ml 

160 

278 

48 

113 

139 

71 

173 

76 

368 

« 

459 

142 

206 

50 

103 

124 

68 

238 

71 

864 

396 

179 

71 

101 

171 

271 

'774 

736 

366 

421 

127 

142 

146 

179 

309 

119 

X^OCa 


64 

84 

78 

126 

130 

110 

116 

138 

;24 

94 

93 

86 

86 

80 

70 

71 

314 

1,006 

288 

183 

132 

146 

136 

121 

104 

135 

106 

97 

100 

106 

98 


149 


1891. 


1 

76 

1,917 

238 

433 

106 

48 

28 

163 

286 

54 

51 

196 

2 

1,981 

802 

206 

364 

108 

64 

26 

113 

210 

48 

42 

53 

3 

941 

760 

288 

870 

214 

60 

84 

84 

166 

50 

42 

51 

4 

288 

607 

201 

421 

248 

46 

36 

172 

129 

38 

37 

1,225 

6 

219 

322 

211 

815 

189 

46 

83 

187 

2,367 

88 

44 

1.184  ! 

6 

176 

260 

199 

242 

115 

40 

86 

146 

880 

88 

49 

256  ! 

7 

149 

451 

217 

211 

94 

66 

83 

144 

896 

42 

37 

734 

8 

128 

762 

236 

179 

90 

117 

43 

74 

235 

78 

27 

4.56 

9 

101 

662 

711 

174 
166 

92 

78 

77 

53 

178 

88 

30 

225 

10 

94 

977 

1,200 

78 

62 

63 

48 

145 

59 

38 

169 

11 

1.706 

424 

509 

879 

88 

41 

87 

46 

120 

42 

89 

113 

12 

3,431 

308 

551 

786 

76 

37 

29 

46 

108 

49 

124 

75 

18 

400 

272 

1.362 

320 

65 

36 

28 

58 

99 

51 

71 

75 

14 

246 

239 

630 

233 

67 

32 

31 

58 

91 

45 

59 

75 

15 

206 

181 

814 

206 

68 

84 

46 

220 

85 

42 

41 

76 

16.  ... 

168 

1,312 

462 

181 

96 

88 

43 

161 

80 

49 

52 

75 

17 

206 

1,323 

233 

180 

97 

88 

88 

86 

77 

49 

123 

75 

18 

483 

781 

224 

177 

77 

55 

162 

228 

71 

40 

198 

75 

19 

304 

410 

209 

160 

78 

69 

418 

406 

66 

31 

110 

75 

20 

289 

363 

888 

147 

72 

65 

142 

156 

61 

275 

71 

60 

21 

209 

832 

4.806 

136 

70 

68 

73 

109 

62 

173 

79 

50 

28 

8,945 

1,012 

1.275 

140 

67 

84 

64 

176 

66 

134 

50 

80 

28 

970 

432 

1,007 

168 

59 

78 

47 

116 

49 

220 

114 

896 

24 

390 

339 

640 

155 

61 

54 

81 

1,160 

45 

118 

308 

1.197 

25 

689 

342 

426 

129 

69 

86 

91 

1,915 

53 

72 

138 

928 

26 

446 

397 

826 

107 

60 

80 

47 

374 

49 

67 

100 

791 

27 

879 

381 

296 

111 

72 

80 

45 

365 

47 

79 

94 

779 

28 

341 

215 

299 

113 

65 

27 

46 

573 

47 

79 

83 

406 

29 

782 

278 

104 

51 

26 

812 

274 

40 

70 

66 

307 

30 

1,316 

245 

108 

55 

28 

426 

862 

52 

48 

49 

726 

81 

Mean. 

862 

• 

862 

368 



48 



261 

699 

613 

624 

247 

89 

48 

HI 

273 

209 

74 

80 

379 

70 


OPBKATIONS  AT   BIVEU   STATIONS,    1899. — ^PART   I.         I  no.  35. 


Daily  discharge  in  aecond-feet  of  Perkiomen  Creek  at  FYederick,  Pennsylvania' 

Continaed. 

1882. 


Day. 


1 

2 

8 

i 

6 

6 

7 

8 

9...... 

10 

11 

12 

13 

U 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Mean. 


Jan. 


Feb. 


^a,T. 


201 
1.482 
861 
303 
236 
196 
204 
214 
198 
180 
158 
182 
8,674 
3,760 
1,066 
572 
412 
404 
1,879 
699 
412 
816 
800 
275 
288 
251 
207 
178 
176 
185 
168 


634 


184 
202 
217 
178 
201 
146 
165 
191 
216 
185 
173 
126 
121 
137 
147 
154 
118 
96 
97 
181 
160 
164 
158 
151 
144 
189 
209 
155 
168 


166 


2,078 
610 
246 
838 

819 
311 
898 
1,673 
1,341 
625 
437 
458 
2B2 
190 
207 
178 
167 
145 
163 
150 
165 
163 
173 
462 
906 
670 
1,688 
1,074 
1,479 
816 
260 


666 


Apr.  May. 


218 
287 
288 
203 
183 
164 
163 
188 
125 
122 
120 
112 
127 
265 
212 
146 
183 
128 
111 
129 
204 
247 
169 
131 
126 
106 
87 
91 
102 


168 


83 

100 

167 

153 

122 

106 

114 

96 

85 

84 

71 

77 

74 

94 

268 

214 

102 

111 

117 

807 

865 

420 

887 

241 

160 

878 

1.491 

400 

219 

175 

165 


241 


June. 


127 

105 

90 

479 

150 

144 

124 

96 

98 

429 

182 

110 

84 

60 

63 

60 

207 

149 

71 

71 

77 

67 

41 

49 

65 

59 

64 

171 

102 

80 


125 


July. 


275 

184 

875 

557 

192 

111 

78 

58 

51 

46 

45 

42 

40 

38 

39 

87 

27 

82 

81 

26 

86 

86 

23 

18 

18 

20 

23 

22 

88 

176 

379 


101 


Aug. 

Sept. 

Oct 

Nov. 

239 

75 

26 

81 

146 

67 

24 

29 

211 

66 

22 

26 

126 

36 

26 

26 

71 

as 

28 

34 

52 

33 

24 

82 

46 

34 

22 

28 

41 

32 

27 

27 

37 

28 

28 

32 

36 

28 

f^ 

296 

184 

81 

30 

819 

360 

23 

38 

133 

136 

20 

26 

76 

62 

71 

26 

54 

61 

90 

29 

662 

51 

54 

23 

2,886 

39 

40 

24 

472 

34 

34 

29 

700 

85 

27 

31 

602 

28 

23 

80 

288 

25 

27 

81 

192 

24 

83 

30 

156 

24 

42 

29 

168 

26 

56 

40 

88 

61 

69 

43 

76 

571 

61 

33 

84 

165 

58 

30 

68 

87 

46 

29 

326 

68 

40 

17 

606 

62 

67 

4 

289 

TV. 

32 

100 

44 

288 

Dec 


174 

13U 

117 

106 

IW 

89 

71 

427 

388 

186 

130 

116 

120 

357 

550 

297 

231 

180 

152 

112 

124 

112 

117 

100 

48 

58 

68 

&3 

45 

35 

33 


*  I 


155 


1808. 


1 

258 

257 

213 

167 

249 

78 

86 

21 

60 

26 

43 

108 

2 

1,169 

607 

264 

144 

348 

78 

37 

80 

46 

30 

41 

143 

8 

268 

702 

262 

138 

998 

168 

87 

26 

46 

27 

42 

aoi 

4 

166 

535 

202 

136 

5,138 

96 

36 

22 

44 

24 

867 

806 

6 

128 

886 

184 

118 

867 

86 

36 

19 

48 

26 

1,470 

266 

6 

128 

244 

187 

101 

879 

156 

84 

16 

41 

26 

372 

199 

7 

94 

1,021 

168 

113 

479 

m 

85 

14 

86 

80 

202 

201 

8 

93 

714 

217 

208 

348 

107 

86 

16 

88 

29 

158 

158  \ 

9 

122 

883 

2,224 

177 

283 

68 

68 

>18 

41 

26 

386 

1S7  1 

10 

138 

3,247 

3,546 

190 

185 

69 

62 

22 

82 

27 

168 

168  ' 

11 

128 

1,584 

1,221 

392 

201 

61 

46 

24 

32 

28 

ion 

243  1 

12 

165 

512 

3,401 

846 

185 

54 

40 

24 

88 

28 

84 

in  1 

18 

170 

002 

1,493 

172 

177 

68 

89 

22 

28 

32 

87 

125  1 

14  .... 

145 

864 

1,089 

486 
1,S7 

177 

48 

89 

22 

25 

1,939 

91 

101  , 

15 

132 

913 

937 

183 

44 

88 

19 

40 

106 

160 

lOB 

16 

138 

1,190 

385 

606 

260 

38 

97 

14 

978 

68 

177 

980  ' 

,  17 

169 

666 

320 

299 

548 

87 

118 

18 

315 

60 

112 

1,001  ' 

18 

190 

800 

325 

235 

248 

87 

60 

13 

140 

36 

88 

846 

19 

174 

318 

297 

196 

176 

48 

42 

16 

98 

80 

71 

286 

20 

165 

261 

276 

486 

138 

40 

33 

1,129 

67 

34 

76 

187 

21 

172 

224 

368 

1,061 

122 

88 

24 

288 

62 

84 

84 

lao 

22 

ira 

226 

869 

407 

115 

68 

22 

92 

48 

34 

841 

121 

23 

171 

108 

316 

268 

116 

86 

26 

66 

89 

38 

231 

las 

24 

160 

173 

340 

212 

115 

71 

81 

1,166 

84 

74 

133 

isr 

25 

138 

163 

335 

201 

106 

43 

28 

268 

88 

78 

104 

Ul  1 

26 

118 

163 

300 

196 

97 

77 

28 

110 

86 

45 

78 

177 

27 

102 

147 

240 

820 

91 

03 

21 

68 

88 

43 

83 

113 

28 

102 

166 

206 

355 

88 

67 

24 

44 

28 

268 

1.118 

96 

29 

116 

178 

211 

97 

64 

26 

187 

21 

161 

347 

1» 

30 

258 

172 

186 

96 

89 

23 

150 

25 

98 

198 

140 

31.  ... 
Mean. 

304 

160 

84 

14 

68 

65 

U7 

192 

601 

048 

317 

428 

72 

89 

128 

88 

lis 

261 

9a 
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Daily  discharge  in  aecond-feet  of  Perkiomen  Creek  at  Frederick,  Pennsylvania- 

ContinuecL 

18M. 


Day. 

Jan. 

Feb. 
138 

Mar. 

Apr. 

May. 
96 

Jane. 
509 

July. 

Aug. 

Sept. 
17 

Oct. 
86 

Nov. 

Dec. 

78 

1 

109 

166 

120 

131 

23 

412 

2 

lUl 

120 

197 

120 

76 

348 

82 

88 

27 

36 

198 

339 

8 

101 

96 

464 

109 

57 

277 

70 

154 

25 

46 

908 

864 

4 

97 

68 

776 

149 

61 

235 

45 

109 

14 

55 

428 

176  1 

5.  ... 

120 

74 

822 

333 

64 

212 

40 

57 

15 

68 

805 

126 

6 

153 

88 

1.045 

175 

1(J8 

207 

5n 

42 

15 

51 

786 

114 

7 

145 

80 

1.(124 

m 

128 

206 

241 

35 

17 

38 

309 

108 

8 

125 

88 

524 

12h 

91 

191 

99 

29 

249 

45 

350 

125 

9 

111 

704 

390 

133 

67 

167 

68 

31 

48;) 

86 

429 

387 

10 

02 

1.002 

311 

117 

52 

143 

55 

33 

137 

2,335 

308 

223 

.  11 

74 

688 

280 

168 

48 

131 

43 

31 

292 

580 

261 

638  i 

12 

82 

848 

249 

329 

48 

118 

38 

31 

101 

1S2 

188 

4.133 

13 

50 

196 

214 

1.119 

41 

118 

38 

a5 

59 

209 

165 

1,641 

14 

68 

182 

188 

898 

36 

121 

36 

52 

43 

29U 

161 

446 

15 

«7 

172 

169 

446 

88 

104 

34 

57 

43 

160 

146 

326 

16 

80 

160 

176 

239 

38 

01 

fSU 

47 

40 

118 

133 

266 

17 

89 

152 

170 

229 

87 

84 

44 

43 

63 

98 

133 

226 

;  18 

»2 

975 

136 

190 

40 

80 

29 

35 

1,123 

80 

178 

187 

19  ... 

80 

1,175 

136 

170 

52 

81 

23 

41 

2,490 

■   50 

130 

161 

20 

60 

1,284 

142 

16;) 

1,634 

77 

23 

57 

964 

51 

111 

151 

21 

56 

632 

192 

183 

8,760 

72 

31 

60 

243 

48 

115 

145 

!  28 

74 

442 

161 

269 

3,787 

64 

46 

46 

144 

49 

136 

136 

23 

88 

306 

479 

262 

589 

60 

38 

40 

99 

55 

119 

117 

24 

fiO 

163 

291 

168 

3,541 

132 

48 

38 

90 

61 

130 

114 

25 

97 

187 

156 

138 

1,898 

298 

75 

36 

71 

717 

101 

HI 

28 

88 

165 

195 

'121 

708 

113 

45 

30 

.   47 

309 

95 

137 

27 

62 

154 

161 

113 

566 

94 

38 

24 

1   54 

179 

100 

133 

28  .... 

55 

157 

126 

105 

2,442 

85 

38 

22 

51 

130 

78 

i:io 

2» 

76 

158 

93 

1.822 

68 

37 

32 

46 

108 

70 

145 

30 

147 

168 

94 

541 

132 

35 

28 

43 

98 

7i 

119 

31 

Mean. 

168 

138 
314 

519 

31 

14 

,  ------- 

513 

1 

102 
374 

98 

855 

234 

885 

154 

45 

33 

219 

353 

1895. 

31 

16 

84 

1 

lOS 

188 

1,192 

168 

236 

51 

303 

30 

51 

2 

80 

128 

1,235 

327 

163 

47 

151 

34 

"30 

16 

82 

48 

3 

80 

122 

454 

463  ' 

133 

43 

70 

34 

33 

18 

64 

155 

4 

86 

136 

418 

252 

128 

62  : 

56 

35 

31 

20 

47 

05 

5 

84 ; 

143 

416 

181  ' 

114 

79 

667 

39 

31 

35 

54  . 

67 

6 

1L5  1 

86 

240 

158  1 

101 

138  : 

489 

31 

29 

5 

54  , 

55 

7 

607 

98 

249 

143 

108 

115 

172 

23 

22 

21 

44 

45 

8 

839 

158 

1,238 

1,910 

1U6 

70 

105 

24 

19 

8 

45 

43 

9 

544 

178 

789 

4,208 

94 

60 

71  1 

28 

23  : 

19  1 

44 

88 

10.  ... 

854 

222 

689 

682 

78 

80 

48 

24 

26 

13  , 

33 

41 

11 

2.372 

243 

711 

380 

73 

55 

45 

75 

2B 

17 

49 

45 

12 

905  . 

214 

32:)  1 

296 

134 

44 

40 

133 

22 

25 

65 

37 

13 

566 

196 

845 

1,018 

151 

52 

39 

104 

18 

117 

',» 

33 

14 

333 

186 

1,528 

845 

205 

68 

87 

58 

10 

177  ' 

Hi 

38 

15 

244 

171 

448 

303 

271 

55 

83 

39 

6 

63 

26 

80 

16 

242 

152 

312 

286 

151 

40 

87 

31 

24 

50 

53 

81 

17 

249 

136 

242 

232 

114 

86 

48 

81 

20 

41 

46 

25 

18 

187 

134 

313 

200 

101 

84 

40 

81 

18 

29 

49 

39 

19 

157 

141 

512 

175 

87 

80 

36 

29 

23 

33 

55 

80 

1  20 

137 

154 

476 

151 

80 

28 

81 

18 

26 

11 

52 

119 

21 

136 

184 

317 

156 

91 

80 

26 

18 

26 

23  1 

41 

127 

2«  .... 

142 

225 

324 

154 

120 

84 

23 

26 

20 

25 

36 

486 

28  .... 

151 

193 

806 

154 

92 

86 

26 

27 

.27 

24 

35 

197 

24  ... 

148 

118 

884 

188 

76 

32 

33 

23 

27 

26 

18 

118 

25 

125 

114 

466 

126 

72 

81 

86 

18 

24 

23 

30 

80 

3B 

2,212 

117 

496 

126 

59 

85 

27 

19 

24 

24 

37 

71 

27 

569 

198 

282 

266 

236 

88 

21 

23 

22 

12 

39 

117 

28 

235 

820 

280 

247 

348 

104 

23 

24 

22 

33 

131 

117 

.  29 

191 

222 

177 

139 

87 

21 

26 

4 

21 

85 

71 

ao 

178 

181 

286 

&5 

141 

84 

88 

18 

21 

55 

110 

31 

Mean. 

165 

161 

66 

80 

41 

24 

1,191 

404 

182 

516 

475 

129 

60 

94 

37 

23 

32 

51 

120 

72 


OPERATIONS   AT   RIVER   STATIONS,    1899. ^PART   I.  [xo.». 


Daily  discharge  in  second-feet  of  Perkiomen  Creek  at  Frederick,  Pennsylvania — 

Ck>n  tinned. 

1896. 


Day. 


Jan. 


Feb. 


1.... 

2.... 

3.... 

4... 

6.... 

6... 

7.... 

8.... 

9.  .. 
10.... 
11  .... 
12... 
13.  .. 
U.... 
15.... 
16.  .. 
17.... 
18  ... 
19...- 
20  ... 
21.... 
22.... 
23. ... 
24... 
25... 
28.  .. 
27.... 
28.... 
29... 
30.... 
31.... 

Mean 


327 
150 
124 

91  I 

58  I 

47  I 

42' 

31 

37 

40 

35 

84 

34 

37 

38 

31 

20 

22 

30 

31 

34 

34 

36 
193 
879 
156 
105 

86 

60 

43 

43 


78 


56 

91 

106 

111 

85 

6,789 

2,181 

381 

347 

:m 

291 

196 

177 

669 

360 

415 

121 

123 

112 

113 

90 

54 

52 

93 

116 

75 

70 

60 

638 


Mar. 


493 


586 

3;» 

188 

124 

11» 

95 

99 

92 

72 

78 

80 

59 

08 

67 

55 

60 

82 

96 

1,854 

3.150 

875 

618 

521 

259 

655 
700 
301 
2,520 
1,062 
465 


504 


Apr. 


351 


256 

189 

161 

166 

166 

148 

117 

120 

133 

120 

108 

99 

86 

80 

81 

98 

109 

89 

135 

127 

83 

81 

149 

114 

84 

78 

66 

67 


132 


May. 

June. 

July. 

Aug. 
123 

63 

65 

51 

65 

53 

39 

84 

67 

42 

44 

73 

71 

39 

41 

64 

71 

36 

68 

45 

50 

34 

36 

40 

46 

28 

89 

40 

49 

30 

60 

85 

42 

41 

860 

28 

84 

91 

457 

83 

37 

95 

133 

66 

38 

44 

69 

85 

37 

31 

47 

84 

23 

36 

41 

82 

39 

78 

40 

25 

39 

82 

41 

25 

25 

118 

88 

86 

25 

177 

33 

31 

32 

75 

25 

34 

34 

49 

23 

32 

65 

39 

1,532 

32 

92 

40 

863 

31 

65 

36 

1,143 

25 

38 

37 

169- 

26 

35 

66 

115 

81 

35 

94 

79 

^ 

38 

125 

70 

26 

165 

71 

177 

31 

300 

124 

297 

24 

119 

88 

1,938 

17 

74 

2S0 

20 

61 

"65 

264 

41 

Sept. 


21 
80 
21 

fa 

38 
758 
218 
81 
52 
42 
80 
30 
23 
23 
30 
39 
37 
358 
95 
81 
56 
62 
89 
31 
30 
33 
34 
86 
36 
287 


Oct 


88 


179 
60 
45 
38 

45 

66 

60 

41 

41 

89 

S3 

585 

2,711 

476 

859 

164 

122 

98 

88 

71 

63 

68 

52 

125 

138 

82 

68 

60 

57 

57 

53 


Nov. 


Dec 


43 
54  ! 
57 
2,439 


195 


895 
844 

377 

217 

191 

282 

831 

178 

137 

119 

113 

100 

89 

88 

77 

75 

84 

88 

87 

72 

65 

175 

895 

379 


280 


160 

186 

185 

116 

97 

109 

ISO 

406 

823 

150 

118 

108 

100 

98 

85 

87 

96 

81 

60 

73 

70 

55 

58 

58 

56 

58 

55 

56 

47 

36 


lor 


lh97. 


1 

51 

8 

78 

3 

85 

4 

134 

5 

318 

6 

547 

7 

83 

8.... 

76 

9 

61 

10 

51 

11 

52 

12 

47 

13 

38 

14 

49 

15 

45 

16 

39 

17 

46 

18 

117 

19 

150 

80 

96 

21 

1,291 

22 

504 

23..  . 

157 

24 

115 

25 

136 

26 

130 

27 

93 

28 

81 

29 

69 

30 

51 

31.  ... 
Mean . 

48 

156 

46 

55 

55 

49 

55 

965 

4,083 

846 

346 

204 

171 

123 

110 

115 

110 

161 

184 

413 

351 

153 

347 

664 

1,242 

457 

244 

193 

158 

136 


429 


131 

88 

128 

85 

162 

76 

246 

67 

211 

139 

545 

200 

315 

149 

2H») 

115 

172 

1,643 

180 

-  988 

198 

311 

221 

218 

212 

185 

168 

1.53 

199 

323 

189 

316 

129 

265 

139 

216 

322 

166 

780 

129 

392 

116 

242 

110 

201 

99 

564 

94 

405 

80 

208 

84 

167 

94 

146 

76 

128 

70 

180 

61 

96 

341 

223 

82 

2,580 

1,330 

381 

268 

199 

148 

124 

112 

124 

131 

138 

4,747 

1,566 

1,003 

426 

365 

300 

173 

153 

217 

281 

137 

202 

442 

201 

126 

103 

93 

83 

99 

525 


105 

88 

80 

134 

180 

150 

105 

118 

899 

473 

106 

137 

106 

97 

84 

75 

75 

85 

85 

64 

61 

63 

63 

51 

46 

50 

37 

35 

38 

35 


128 


45 

46 

38 

30 

34 

84 

29 

35 

43 

38 

30 

208 

248 

38 

56 

44 

41 

213 

292 

130 

104 

588 

231 

128 

77 

60 

475 

1,901 

729 

236 

137 


205 


86 

35 

180 

113 

61 

169 

54 

75 

213 

67 

117 

37 

58 

33 

55 

89 

45 

84 

53 

38 

801 

18 

180 

8 

66 

29 

49 

89 

48 

33 

149 

36 

167 

89 

68 

86 

60 

83 

47 

19 

41 

83 

39 

25 

83 

28 

30 

35 

112 

46 

123 

38 

58 

29 

37 

31 

86 

87 

27 

82 

88 



78 

40 

28 
18 
13 
17 
17 
10 
15 
22 
18 
8 
15 
23 
22 
29 
28 
17 
16 
87 
30 
14 
16 
83 
20 
28 
88 
89 
68 
50 
49 
47 
89 


29 


70 

3,089 

108 

109 

100 

70 

47 

34 

96 

130 

84 

106 

88 

41 

44 

60 

87 

97 

70 

51 

51 

67 

60 

60 

68 

93 

1.117 

317 

819 

183 


838 


138 
113 
95 
161 
1,948 
513 


207 
168 
146 
138 
360 
355 
1.909 
2.561 


240 

185 
145 
151 
166 
141 


»i 

71 

89 

04 

8S 

130 
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Daily  dincharge  in  aecond-feet  of  Perkiomen  Creek  at  Frederick,  Pennsylvania- 

Continued. 

l«H. 


Apr. 

May. 

Jane. 
113 

292 

201 

zm 

160 

108 

178 

147 

96 

157 

141 

08 

151 

148 

75 

171 

199 

60 

184 

497 

63 

155 

3,493 

60 

129 

1,360 

46 

113 

405 

87 

121 

308 

39 

137 

495 

46 

108 

580 

54 

106 

415 

50 

3S» 

1,408 

41 

250 

1,013 

50 

170 

713 

56 

122 

377 

44 

113 

392 

40 

126 

289 

64 

125 

345 

66 

102 

232 

56 

95 

211 

53 

658 

255 

51 

428 

422 

39 

43:^ 

353 

36 

285 

268 

37 

481 

219 

41 

641 

108 

45 

312 

153 
131 

41 

229 

505 

56 

July. 


20 
30 
34 
20 
20 
30 
28 
20 
57 
64 
30 
35 
37 
37 
37 
87 
18 
28 
30 
190 
115 
73 
51 
41 
37 
39 
40 
65 
74 
48 
37 


Ang. 


82 

88 

46 

49 

ISO 

104 

50 

48 

116 

832 

398 

145 

82 

56 

44 

43 

46 

46 

258 

71 

60 

51 

50 

47 

47 

39 

35 

30 

24 

24 

38 


44 


83 


Sept. 

Oct. 

Nov. 

40 

28 

120 

28 

20 

00 

23 

20 

76 

19 

31 

70 

27 

23 

78 

U 

21 
18 

63 
46 

51 

23 

04 

45 

26 

52 

20 

81 

1,422 

25 

27 

1,100 

22 

27 

272 

10 

30 

178 

24 

30 

167 

25 

66 

160 

17 

66 

103 

15 

40 

202 

13 

45 

447 

12 

30 

8,808 

14 

71 

602 

17 

67 

812 

27 

168 

283 

42 

116 

763 

54 

61 

408 

61 

60 

317 

52 

285 

267 

43 

475 

207 

43 

163 

213 

45 

03 

330 

38 

lU 
108 

395 

3r 

77 

416 

X^OOa 


363 

242 

233 

1.016 

3,406 

560 

862 

218 

100 

102 

08 

07 

100 

01 

78 

70 

72 

78 

111 

800 

384 

562 

1,364 

462 

306 

216 

180 

160 

126 

130 

230 


428 


1800. 


1 

313 

131 

661 

346 

78 

76 

84 

72 

58 

147 

204 

68 

2 

230 

130 

635 

262 

82 

66 

62 

346 

440 

101 

286 

114 

3 

230 

120 

580 

248 

08 

49 

46 

722 

022 

00 

181 

84 

4 

222 

182 

753 

262 

101 

38 

41 

177 

818 

101 

724 

69 

5 

1,014 

106 

3,625 

230 

84 

36 

41 

90 

174 

03 

300 

71 

6 

1,315 

143 

975 

1&5 

83 

36 

41 

77 

106 

06 

184 

56 

7 

1,476 

148 

688 

245 

74 

38 

36 

66 

57 

no 

138 

65 

8 

804 

152 

301 

1,366 

70 

39 

41 

52 

43 

106 

100 

64 

0 

811 

174 

365 

428 

87 

41 

816 

48 

200 

05 

107 

56 

10 

230 

183 

345 

206 

73 

48 

163 

167 

227 

80 

104 

44 

11 

195 

158 

475 

251 

101 

49 

71 

1,021 

213 

72 

88 

43 

12 

165 

170 

1,510 

210 

213 

43 

43 

224 

300 

67 

no 

146 

13 

150 

222 

1.552 

187 

120 

38 

42 

90 

180 

67 

112 

250 

U 

245 

236 

610 

178 

125 

39 

43 

66 

07 

53 

62 

127 

15 

410 

225 

848 

170 

123 

44 

88 

54 

71 

57 

62 

84 

16 

475 

255 

870 

260 

83 

34 

36 

46 

54 

48 

02 

75 

17 

780 

233 

437 

501 

93 

26 

38 

52 

46 

51 

77 

67 

18 

443 

683 

853 

263 

201 

29 

42 

42 

66 

65 

60 

55 

10 

196 

092 

8,423 

106 

210 

27 

42 

37 

68 

80 

58 

133 

20 

192 

1,311 

780 

160 

129 

26 

40 

36 

748 

81 

67 

182 

21 

164 

1,496 

421 

146 

86 

82 

33 

20 

885 

67 

65 

127 

22 

146 

1,607 

1,146 

136 

70 

65 

27 

53 

206 

63 

53 

70 

28 

147 

1,767 

803 

118 

96 

41 

25 

61 

184 

57 

150 

57 

24 

1,081 

860 

617 

113 

98 

43 

25 

44 

115 

40 

200 

662 

25 

2.603 

460 

417 

120 

70 

83 

26 

80 

no 

34 

116 

631 

28 

378 

1,184 

534 

114 

57 

UO 

70 

34 

8,363 

34 

70 

177 

27 

280 

4,043 

513 

00 

60 

74 

82 

602 

462 

60 

76 

133 

28 

212 

883 

1,002 

87 

60 

166 

98 

107 

258 

62 

81 

01 

20 

201 

1,377 

81 

71 

601 

89 

84 

174 

61 

66 

60 

30 

163 

565 

76 

122 

220 

817 

64 

168 

71 

66 

61 

31 

120 

466 

98 

168 

63 

78 



47 

Mean. 

472 

650 

86U 

245 

100 

74 

104 

150 

882 

74 

130 

124 

74 
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WISSAHICKON   CREEK  NEAR  PHILADELPHIA,  PENNSYLVANIA. 

The  drainage  basin  of  this  creek  is  immediately  adjacent  to  Phila- 
delphia, and  between  Little  Neshaminy  and  Perkiomen  creeks.  Meas- 
urements of  flow  were  begun  in  April,  1897,  under  the  direction  of 
Mr.  John  E.  Codman,  at  a  point  about  100  yards  above  the  junction 
of  the  creek  with  Schuylkill  River.  The  results  for  1897  and  1898 
have  been  printed  in  the  Twentieth  Annual  Report,  Part  IV,  and  the 
daily  flow  to  June  1^  1899,  is  given  in  the  following  table: 

Daily  discharge  in  second-feet  of  Wissahickon  Creek ^  near  Philadelphui^  I^nusyl- 

vania,  for  1899, 


Day. 


1. 
2- 


4 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
1«. 
14. 
16. 

le. 

17. 


Jan. 

Feb. 

Mar 

141 

119 

285 

lOtt 

106 

245 

106 

110 

233 

130 

804 

233 

412 

204 

1.059 

574 

113 

365 

673 

113 

241 

230 

113 

804 

1»4 

113 

186 

154 

113 

198 

140 

113 

198 

i:i2 

113 

198 

118 

113 

540 

144 

113 

208 

149 

113 

346 

140 

113 

359 

23:2 

149 

186 

Mar. ,  Apr. !  May.  Jane. 


191 
175 
175 
173 
169 
161 
166 
451 
205 
162 
140 
140 
140 
137 
129 
142 
142 


89 

96 

lOB 

gs 

80 
80 
87 
87 
75 
75 
105 
108 
90 
87 
87 
87 
87 


45 
42 
42 
33 
21 


1  Day. 

Jan. 

FebL 

Mar. 

Apr. 

May.  Jnne. 

i 

18 

147 

827 

273 

189 

96  , 

19 

118 

8S0 

008 

189 

90, 1 

20 

116 

466 

840 

183 

73 

21 

115 

436 

808 

115 

68 

28 

106 

779 

581 

106 

76 

23 

106 

630 

828 

10ft 

96 

24 

259 

350 

sas 

106 

96 

85 

985 

850 

808 

106 

75 

86 

184 

845 

816 

106 

64 

27 

142 

1.886 

198 

106 

64 

28 

133 

423 

434 

101 

54 

89 

136 

813 

96 

50 

80 

136 

860 

95 

59 

31 

Mean 

136 
^07 

818 

54 



271 

aw 

146 

81 

SCHUYLKILL  RIVER  NEAR  PHILADELPHIA,    PENNSYLVANIA. 

This  river  receives  the  drainage  of  the  portion  of  southeastern 
Pennsylvania  lying  between  the  Lehigh  River  on  the  north  and  the 
Susquehanna  River  on  the  south.  It  flows  in  a  general  southeasterly 
course,  emptying  into  Delaware  River,  the  city  of  Philadelphia  being 
located  at  the  junction  of  these  streams.  Records  of  the  height  of 
the  river  at  Fairmount  pool  have  been  kept  for  many  years,  but  not 
in  such  form  as  to  be  useful  in  computing  daily  discharges.  In  1898, 
however,  careful  estimates  were  prepared  by  Mr.  John  E.  Ckxlman, 
the  results  being  given  in  the  Twentieth  Annual  Report,  Part  IV, 
page  97.     The  figures  for  1899  are  given  in  the  following  table: 

Thes^  do  not  represent  the  total  flow  of  the  stream,  but  the  amount 
wasted  over  the  flashboards  at  Fairmount  dam.  To  this  must  be 
added  the  pumpage  from  the  river,  amounting  to  275,000,000  gallons 
per  day,  or  425  second-feet;  also  the  leakage,  amounting  to  71,000,000 
gallons  per  day ,  or  110  second-feet;  also  the  quantity  used  for  power  at 
Fairmount,  amounting  to  an  average  per  day  of  272,000,000  gallons,  or 
421  second-feet.  There  has  been  no  method  for  obtaining  the  daily 
flow  when  the  water  does  not  waste  over  the  flashboards.  When  the 
water  is  below  the  overflow  line  recourse  is  had  to  pumping,  and  the 
draft  is  on  the  storage  of  the  pool.  As  soon  as  the  water  begins  to 
rise  after  a  rain  the  turbine  wheels  are  started  and,  thus  it  often 
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occurs  that  no  water  flows  to  waste  for  from  one  to  thre^  months  in 
succession. 

DaUy  discharge  in  aeoondrfeet  of  Schuylkill  River  above  Philadelphia^  Pennsyl- 
vania, for  1899,  being  amount  uxtsted  over  flashboards  at  Fairmount  Dam. 


Day. 

Jan. 

573 

170 

26 

3,033 

6.017 

8.946 

2,621 

1.470 

1,086 

816 

611 

248 

436 

663 

050 

1.854 

1,421 

660 

523 

526 

305 

305 

4.226 

14,980 

7.082 

1,752 

1,951 

1,176 

967 

Feb.  Mar.  Apr. 

May.  Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

• 

1 

2 

8 

4 

6 

6 

?:;:;: 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

20 

30 

31 

666 

566 

347 

1.023 

1.2S0 

781 

825 

342 

31 

"""so* 

902 
3,301 
3,858 
4,990 
5,906 
8,ft56 
9,746 
4,914 
4,984 
1.605 
17,177 
18,045 

11,170 

8,532 

6,717 

6,421 

17,ra5 

13,186 

4.748 

7,120 

5,504 

4,805 

4,468 

4,961 

11,906 

7,918 

7,046 

8,948 

6,619 

6,310 

14,442 

10,540 

10,748 

11,230 

11.548 

8,034 

6,326 

6.134 

5,874 

8.622 

13,757 

9,065 

6,n8 

5,321 
4,156 
3,352 
2,910 
2,481 
2,210 
2,945 
7,736 
7,651 
5,068 
3,824 
3,920 
2,478 
2,478 
2,478 
2,478 
2,902 
2,478 
2,075 
1,582 
1,012 
849 
337 
212 

....... 

440 
204 
341 
179 

385 

514 

60 

605 

477 

1.961 

3,008 

1.415 

708 

831 

733 

622 

2,421 
414 

964 
217 

1,185 
385 

46 

"4.775' 
2,213 
641 

170 

357 

369 

31 

173 
130 

...  .. 

83 
83 

867 

1,012 

150 

280 

277 

1,061 

532 

240 

25 



68 
570 
610 
331 
831 

556' 

1,489  

1,042 
49 

397 
397 

1,201 
3,864 
2,902 
2,489 
2,077 
1,277 
298 

624 
241 

.-•.... 

10,923 

5,653 

2, 155 

1,154 

494 

1.775 
637 

1,238 
1,752 

2i5  '   468 
1,920  ,   336 

519 

Total  monthly  yield,  in  cubic  feet,  of  Schuylkill  River  above  Philadelphia,  Penn- 
sylvania, for  1899, 


January  . 
February 
March  ... 

April 

May 

June 


11,445,838,000 
12,484,000,000 
28,187,700,000 
11,957,000,000 
5,153,450,000 
3,856.560,000 


July 

AufiTUst 

September. 

October 

November. 
December  . 


3,475,700,000 
3,964,400,000 
5,258.910,000 
2,587,900,000 
4,896.500.000 
6,086,600.000 


NORTH   BRANCH   OF  SUSQUEHANNA  RIVER  AT  WILKESBARRE, 

PENNSYLVANIA. 

This  stream  rises  in  New  York  State  and  flows  in  a  southwesterly 
direction  until  it  crosses  the  Pennsylvania  State  line,  when  it  flows  to 
the  southeast,  turning  again  near  Wilkesbarre  to  the  southwest,  and 
joins  the  West  Branch  of  the  Susquehanna  on  the  western  border  of 
Northumberland  County  to  form  Susquehanna  River.  Measurements 
of  flow  are  made  at  Wilkesbarre  and  Danville,  Pennsylvania. 

Observations  of  fluctuations  of  Susquehanna  River  are  made  by 
the  Weather  Bureau  above  Wilkesbarre,  at  Towanda,  Pennsylvania, 
where  the  drainage  area  is  estimated  to  be  8,000  square  miles.  The 
river  gage,  made  of  iron  1  foot  wide  and  one-half  inch  thick,  is  on  the 
east  side  of  the  road  bridge  over  Susquehanna  River,  and  is  securely 
l>olted  to  the  masonry  of  the  pier.  The  graduation  is  from  0  to  25 
feet.     The  highest  water  was  29  feet  in  March,  1869.  and  the  lowest, 
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—0.1,  in  October,  1895.     The  danger  line  is  at  16  feet.     The  elevation 
of  the  zero  is  633.7  feet. 

The  Wilkesbarre  station  was  established  by  £.  6.  Paul  on  March 
30,  1899,  and  is  located  at  the  Market  street  bridge.  The  gage  is  a 
sash  chain  and  weight  inclosed  in  a  long,  narrow  box,  covering  12  feel 
of  the  scale  board.  The  scale  board  is  divided  into  feet  and  tenths 
and  painted  the  color  of  the  ironwork.  The  length  of  the  chain  from 
zero  to  exti^eme  end  of  weight  is  40.83  feet.  The  initial  point  of 
sounding  is  at  the  end  of  the  iron  guard  rail  on  the  left  bank.  The 
channel  is  straight  for  a  quarter  of  a  mile  above  and  below  the  sta- 
tion, the  current  sluggish  but  unobstructed.  The  right  bank  is  low 
and  liable  to  overflow;  the  left  bank  is  above  ordinary  floods.  The 
bed  of  the  stream  is  of  sand  and  gravel,  somewhat  shifting.  The 
observer  is  O.  Hemstreet,  the  bridge  superintendent,  Wilkesbarre, 
Pennsylvania.  When  this  gage  was  established  there  was  found 
to  be  a  gage  painted  on  the  bridge  pier,  being  a  portion  of  one 
established  by  the  Weather  Bureau.  The  lower  part  of  this  gage, 
erected  in  January,  1898,  originally  consisted  of  heavy  cast-brass 
plates  graduated  to  feet  and  tenths.  The  gage  plates  were  made  in 
4-foot  sections  and  bolted  to  the  stone  bridge  pier.  The  two  lower 
sections  of  the  brass  plates  had  been  torn  away  by  ice,  so  that  there 
was  no  graduation  below  the  8-foot  mark,  but  readings  were  made  by 
the  figures  painted  on  the  stone  pier.  The  zero  of  this  old  gage  is  at 
the  base  of  the  dressed-stone  portion  of  the  pier,  and  is  reported  to  be 
535  feet  above  sea  level.  During  low  stages  of  the  river  the  water 
recedes  from  the  pier,  rendering  it  impracticable  to  read  the  gage. 
So  far  as  could  be  ascertained,  tliis  has  not  been  connected  with  the 
city  datum.  On  account  of  the  low  water,  which  in  1897  had  gone 
below  the  city  datum,  it  was  decided  to  put  the  zero  of  the  new  gage 
4  feet  below  the  zero  of  the  old  Weather  Bureau  gage,  so  as  to  obviate 
minus  readings.  In  order,  therefore,  to  compare  with  former  records, 
it  is  necessary  to  add  4  feet  to  the  old  figures.  The  danger  mark  of 
this  Weather  Bureau  gage  is  at  14  feet,  or  18  feet  of  new  gage,  as  at 
this  elevation  the  west  bank  of  the  river  is  under  water  in  places. 
River  reports  from  this  locality  were  furnished  as  early  as  1888..  Dur- 
ing low  water,  measurements  were  made  by  wading  at  a  better  cross 
section,  at  Retreat,  10  miles  below  Wilkesbarre.  The  following  nieas$- 
urements  were  made  by  E.  G.  Paul  during  1899: 

Measurements  of  North  Fork  of  SusqtiehanTia  Rir)er  at  Wilketbarre,  Pennayhxmia. 


Date. 

Oage 
height. 

Discharge. 

Date. 

Gage 
height. 

Dtacharge. 

1 

1899. 

Feet 
9.00 
4.30 
2.80 
2.80 

Second-ft. 

24,8(» 

3,66K 

al.»2i 

"  1,367 

1899. 
Seotembdr  17 

F^t. 
2.80 
2.30 
2.85 

Second'ft. 
al,096 

June  6.. 

September  18 

July  26 

October  16 

al,lU    ' 

July  27 

a  Made  at  Retroat,  Pennsylvania,  10  miles  below  Wilkesbarre. 
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Daily  gage  height,  in  feeiy  of  North  Branch  of  Susquehanna  River  at  WUkesbarre, 
,  Pennsylvania^  for  1899, 


Day. 

Mar. 

Apr. 

May.' 

6.40 
6.20 
6.80 
6.80 
6.40 
6.10 
6.70 
6.60 
6.40 
6.80 
6.10 
6.20 
6.10 
6.00 
6.00 
4.80 
4.80 
4.70 
4.90 
4.90 
6.40 
6.90 
6.80 
6.70 
6.60 
6.40 
6.10 
4.90 
4.80 
4.80 
4.70 

Jane. 

4.60 
6.60 
6.80 
6.10 
4.60 
4.80 
3.60 
8.60 
8.60 
8.60 
8.80 
8.  SO 
8.20 
8.20 
3.00 
3.10 
8.20 
3.20 
3.00 
8.00 
8.10 

aoo 

8.00 
2.90 
2.90 
3.10 
8.10 
8.80 
8.80 
4.00 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

8.40 

.    8.10 

7.70 

7.20 

6.90 

6.90 

7.40 

10.86 

14.10 

14.20 

12.80 

11.10 

11.80 

14.00 

14.80 

13.90 

13.40 

12.60 

11.80 

10.60 

0.90 

9.40 

9.00 

8.60 

8.00 

7.40 

7.60 

7.40 

7.10 

6.60 

8.60 
3.80 
3.80 
3.20 
3.00 
3.00 
2.80 
2.90 
2.80 
2.80 
2.80 
2.90 
2.90 
8.00 
8.20 
3.80 
8.10 
8.00 
8.00 
8.00 
8.10 
8.00 
3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.60 
2.60 

2.70 
2.60 
2.70 
2.60 
3.20 
8.00 
2.80 
2.60 
2.50 
2.60 
2.60 
2.60 
2.70 
2.80 
2.80 
2.80 
2.90 
2.70 
2.40 
2.80 
2.80 
2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 
4.60 
4.10 
8.40 

8.10 
2.90 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.50 
2.40 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.20 
2.60 
2.40 
2.60 
2.50 
2.60 

2.60 
2.60 
2.50 
2.60 
2.50 
2.60 
2.60 
2.50 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 
2.80 
2.80 
2.30 
2.80 
2.80 
2.80 
2.80 
2.80 
2.30 
2.20 
2.80 
2.80 
2.60 
2.50 
2.50 

2.50 
3.00 
8.30 
6.70 
7.30 
6.60 
6.90 
5.80 
6.00 
4.50 
4.20 
4.80 
4.90 
4.70 
4.60 
4.50 
620 
6.20 
6.80 
6.00 
4.70 
4.60 
4.80 
4.20 
4.00 
8.80 
3.80 
3.70 
8.60 
8.60 

3.40 
8.40 
8.40 
8.40 
3.60 
3.60 
8.60 
8.70 
3.60 
3.60 
3.60 
3.60 
7.70 
9.60 
9.60 
8.60 
7.70 
7.80 
6.60 
6.50 
8.30 
8.40 
7.40 
6.60 
8.40 
8.00 
7.40 
6.80 
9.10 
7.90 

2 

3 ... 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

• 

23 

24 

26 

26 

27 

28 

29 

80 

9.00 
8.7U 

31 

NORTH  BRANCH  OF    SUSQUEHANNA   RIVER  AT  DANVILLE, 

PENNSYLVANIA. 


This  station,  52  miles  below  Wilkesbarre  and  11  miles  above  the 
mouth  of  the  West  Branch,  was  established  on  March  25,  1899,  by 
E-  G.  Paul.  It  is  located  at  the  Mill  street  bridge,  600  feet  south  of  the 
public  square,  Danville,  Pennsylvania.  The  length  of  the  wire  gage 
from  zero  to  the  end  of  the  weight  is  42. 85  feet.  This  gage  is  referred  to 
a  pine-board  scale  nailed  to  the  hand  rail  of  the  bridge  and  divided  into 
feet  and  tenths.  The  initial  point  of  soundings  is  at  the  end  of  the 
wooden  hand  rail  on  right  bank.  The  channel  is  straight  for  haVf  a 
mile  ^bove  and  below  the  station.  The  left  bank  is  high,  but  the  right 
bank  is  subject  to  overflow.  The  bed  of  the  stream  is  rocky,  with 
some  gravel,  and  is  unchangeable.  The  following  measurements 
w^ere  made  by  E.  G.  Paul  during  1899 : 

March  35,  gage  height,  10.00  feet;  discharge,  47,646  second- feet. 

J-ane  8,  gage  heijg^ht,  8.00  feet;  discharge,  8,927  second-feet.  *^ 

Jnly  27,  gage  height,  2.40  feet;  discharge,  2,272  second-feet. 

September  16,  gage  height,  2.00  feet;  discharge,  1,427  second-feet. 

October  17,  gage  height,  1.90  feet;  discharge,  1,168  second-feet. 
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Daily  gage  height,  in  feet,  of  North  Branch  of  Susquehanna  River  at  DanviUe, 

Pennsylvania,  for  1899, 


Day 


1. 

2. 

3. 

4. 

6- 

6. 

7. 

6. 

9. 
10. 
11. 
12- 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
2Z. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


Mar.   I  Apr. 


6.95 

6.80 

6.35 

6.00 

5.65 

5.60 

5.65 

6.00 

10.60 

11.60 

10.45 

9.15 

8.95 

10.75 

11.55 

11.40 

10.85 

10.05 

9.05 

8.26 

7.75 

7.35 

7.05 

6.65 

6.20 

5.85 

5.70 

5.65 

6.35 

6.10 


10.  a) 
9.2."> 
8.10 
7.35 
7.30 
7.65 
7.46 


May. 


4.80 
4.65 
4.60 
4.60 
4.60 
4.55 
4.36 
4.15 
3.80 
3.70 
3.70 
3.75 
8.80 
3.70 
3.70 
8.60 
8.60 
8.70 
8.60 
3.60 
3.60 
3.80 
3.80 
3.80 
3.80 
3.70 
3.60 
3.50 
3.30 
3.20 
8.20 


Jane. 


3.30 
3.40 
3.70 
3.00 
3.50 
3.30 
3.20 
3.00 
3.00 
2.00 
2.00 
2.90 
2.70 
2.70 
2.60 
60 
60 
60 
2.60 
2.50 
2.50 
2.60 
2.50 
50 
50 
2.70 
2.60 
2.00 
2.90 
3.20 


2. 
2. 
2. 


2. 
2. 


July. 


3.20 
3.00 
2.80 
2.70 
2.60 
2.60 
2.60 
2.60 


50 
50 
60 
40 
60 
TO 
60 
80 
80 
70 
2.70 
2.50 
2.50 
2.50 


50 
50 
60 
40 
40 
2.40 
2.40 
2.¥} 
2.30 


2. 
2. 

2. 
2. 
2. 


Aug. 

Sept. 

Oct. 

2.20 

2.80 

2.10 

2.20 

2.60 

2.10 

2.60 

2.60 

2.10 

2.30 

2.50 

2.10 

2.20 

2.30 

2.00 

2.20 

2.20 

2.00 

2.60 

2.20 

2.00 

2.30 

2.10 

2.00 

2.20 

2.40 

2.10 

2.20 

2.20 

2.10 

2.60 

2.10 

2.00 

2.30 

2.20 

2.00 

2.40 

2.10 

2.00 

2.30 

2.10 

1.9C) 

2.30 

2.10 

1.90 

2.30 

2.00 

1.90 

2.30 

1.90 

1.90 

2.30 

1.90 

1.90 

2.30 

1.80 

1.90 

2.20 

1.80 

1.90 

2.10 

1.90 

1.90 

2.10 

1.90 

1.90 

2.10 

1.80 

1.90 

2.10 

1.80 

1.90 

2.00 

1.80 

1.90 

2.00 

1.90 

1.90 

2.00 

1.90 

1.90 

2.30 

1.80 

1.80 

2.20 

1.90 

1.90 

3.60 

2.10 

1.90 

3.20 



1.90 

Nov. 


2.10 
2.00 
2.60 
6.10 
5.40 
5.70 
5.20 
4.70 


4. 
3. 
7. 
3. 
3. 
4. 
3. 
3. 


.30 
90 

.30 

.90 
70 

.00 
90 
80 
3.90 
4.30 
4.40 
4.30 
4.10 
3.80 
3.90 
3.60 
3.40 
3.40 
3.30 
3.20 
3.10 
3.10 


Dec 


3.10 

aoo 

3.00 
3.00 
3.00 
2.90 
3.10 
3.10 
3.10 
3.00 
3.00 


3. 

4. 


10 
30 
6.80 
7.80 
7.60 
6.70 
6.10 
5.70 
5.40 
5.60 
6.90 
6.30 
6.30 
6.50 
7.10 
6.90 
6.40 
5.80 
5.00 


WEST. BRANCH  OP  SUSQUEHANNA  RIVER  AT  ALLJSNWOOD, 

PENNStLVANIA. 


The  West  Branch  of  Susquehanna  River  rises  in  Cambria  Count}', 
Pennsylvania,  and  flows  in  a  general  northeasterly  direction,  meeting 
the  North  Branch  on  the  western  border  of  Northumberland  County 
and  forming  Susquehanna  River. 

Observations  of  height  of  water  on  the  West  Branch  have  been 
made  by  the  Weather  Bureau  at  Lockhaven,  Pennsylvania,  47  miles 
above  Aljenwood.  The  drainage  area  is  given  as  3,740  square  miles, 
and  the  width  of  river  1,125  feet.  The  gage  is  in  two  sections.  The 
lower  section  is  painted  on  the  side  wall  of  the  canal  lock,  and  the 
upper  is  on  the  highway  bridge  over  the  river.  The  elevation  of  the 
zero  is  555.7  feet.  The  highest  water  was  18  feet,  on  June  1,  1889, 
and  the  danger  line  is  at  ten  feet. 

Below  the  junction  of  the  North  and  West*  Branches  of  Susque- 
hanna River  observations  have  been  made  of  height  of  water  by  the 
Weather  Bureau  at  Selins  Grove,  45  miles  above  Harrisburg.  The 
drainage  area  is  given  as  17,600  square  miles.  The  river  at  this  point 
is  about  1  mile  wide,  including  an  island  400  feet  wide.  The  gage  is 
on  the  west  abutment  of  a  railroad  bridge. 

A  gaging  station  was  established  on  the  West  Branch  by  E.  G.  Paul 
on  March  25,  1899,  at  AUenwood,  Pennsylvania,  20  miles  above  the 
junction  with  the  North  Branch.     Measurements  are  made  from  the 
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public  highway  bridge,  one-fourth  of  a  mile  east  of  the  railroad  sta- 
tion at  AUenwood.  The  wire  gage  is  42.15  feet  from  zero  to  the  end 
of  the  weight,  and  is  referred  to  a  pine-board  scale  fastened  to  iron- 
work of  the  bridge  and  divided  into  feet  and  tenths.  The  initial 
point  of  soundings  is  at  the  end  of  the  iron  guard  rail  on  the  right 
bank.  The  channel  is  straight  for  one-half  a  mile  above  and  below 
the  station.  The  current  is  sluggish,  but  unobstructed.  The  banks 
are  low  and  subject  to  overflow  at  time  of  high  water.  The  bed  of 
the  stream  is  rocky  and  constant.  The  observer  is  Frank  L.  Allen, 
a  farmer  living  200  feet  from  the  gage.  The  following  measurements 
were  made  by  E.  G.  Paul  during  1899: 

March  M,  gage  height,  4.90  feet;  discharge,  3*2,031  second-feet. 
Jane  8,  gage  height,  3.00  feet;  discharge,  3,988  second-feet. 
Joly  28,  gage  height,  2.05  feet;  discliarge,  1,360  second-feet. 
September  15,  gage  height,  1.90  feet;  discharge,  1,234  second-feet. 
October  17,  gage  height,  1.70  feet;  discharge,  842  second-feet. 

Daily  gage  height,  in  feet,  of  West  Branch  of  Susquehanna  River  at  Allenwood^ 

Pennsylvania,  for  1899, 


Day. 

Mar. 

Apr. 

May. 

3.80 
3.80 
3.  HO 
8.90 
3.80 
3.60 
3.50 
3.30 
3.40 
3.50 
3.60 
3.70 
3.50 
3.40 
3.30 
3.20 
3.40 
3.80 
7.40 
6.50 
5.75 
5.15 
4.70 
4.a5 
4.00 
3.80 
3.60 
3.50 
3.40 
3.40 
3.50 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
l.«0 
1.60 
1.60 
1.60 
l.CO 
1.60 
1.60 
1.60 
1.60 

Nov. 

Dec. 

1 

6.70 
6.:» 
5.80 
5.a5 
5.05 
4.90 
4.80 
6.45 
7.80 
7.40 
6.60 
6.20 
6.50 
7.00 
6.90 
6.80 
6.40 
5.60 
5.40 
5.00 
4.80 
4.70 
4.50 
4.40 
4.30 
4.30 
4.30 
4.20 
4.30 
4.10 

3.50 
3.50 
3.40 
3.40 
3.30 
3.20 
3.00 
3.  (JO 
2.90 
2.90 
2.70 
2.60 
2.60 
2.60 
2.50 
2.60 
2.50 
2.40 
2  40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.80 
2.50 
2.60 
2.70 
2.70 
2.80 

2.90 

3.70 

2.60 

2.50 

2.40 

2.40 

2.30 

2.40 

2.20 

2.00 

2.10 

2.30 

2.20 

2.20 

2.30 

2.30. 

2.30 

2.40 

2.60 

2.80 

3.00 

2.70 

2.50 

2.:i0 

2.20 

2.20 

2.10 

2.00 

1.90 

1.80 

3.00 

2.00 
2.00 
2.00 
1.80 
1.70 
1.70 
1.70 
1.70 
l.TO 
1.70 
1.70 
1.70 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.70 
3.70 
3.00 
2.60 
2.60 

2.70 
2.70 
2.70 
2.50 
2.40 
2.30 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.90 
1.90 
1.90 
2.()0 
3.00 
2.00 
2.00 

2.20 
3.60 
4.20 
6.20 
4.60 
4.00 
3.40 
3.20 
3.00 
3.00 
3.00 
3.20 
3.30 
3.40 
3.50 
3.60 
3.80 
3.90 
4.10 
4.30 
4.10 
4.00 
3.90 
3.80 
3.70 
3.60 
3.40 
3.30 
3.20 
3.10 

2.90 
2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
5.30 
8.40 
7.40 
6.60 
6.80 
6.10 
4.90 
4.80 
4.70 
4.30 
4.20 
4.20 
6.15 
7.25 
5.60 
5.00 
4.60 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

*     16 

17 

18 

19 

20 

21f 

22 

23 

24 

4.90 
4.00 
4.00 
4.20 
4.80 
6.20 
6.70 
7.80 
7.35 

25 

26 

27 

28 

20 

4.10 

30 

3.60 

31 

■ 

JUNIATA  RIVER  AT  NEWPORT,  PENNSYLVANIA. 


Juniata  River  rises  in  Center  County,  Pennsylvania,  and  flows  in 
a  general  southeasterly  direction  into  Susquehanna  River  15  miles 
above  Harrisburg.  Its  drainage  area  is  mountainous  and  for  the 
most  part  covered  with  forest  growth.  The  station  was  established 
at  Newport,  about  15  miles  above  its  junction  with  the  Susquehanna, 
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on  March  21, 1899,  by  E.  G.  Paul.  It  is  at  the  covered  wagon  bridge, 
800  feet  east  of  the  public  square,  Newport,  Pennsylvania.  The  wire 
gage  is  39.54  feet  long  from  the  end  of  the  weight  to  the  index.  A 
scale  board  is  nailed  to  the  bridge  timbers  inside  of  the  structure  and 
is  divided  into  feet  and  tenths.  The  Initial  point  of  soundings  is  at 
the  end  of  the  woodwork  of  the  bridge  on  the  right  bank.  The 
channel  is  straight  for  half  a  mile  above  and  below  the  station.  The 
current  is  swift  and  unobstructed.  The  banks  are  high  and  not  sub- 
ject to  overflow.  The  bed  of  the  stream  is  rocky  and  the  section 
constant.  The  observer  is  A.  R.  Bortel,  a  laborer  living  in  Newport, 
Pennsylvania,  about  800  feet  from  the  gage.  The  following  measure- 
ments were  made  by  E.  G.  Paul  during  1899: 

March  21,  gage  height,  6.60  feet;  discharge,  18,094  second-feet. 
June  9,  gage  height,  8.20  feet;  discharge,  1,908  second-feet. 
July  81,  gage  height,  2.90  feet;  discharge,  682  second-feet 
September  14,  gage  height,  4.55  feet;  discharge,  4,625  second-feet. 
October  18,  gage  height,  2.90  feet;  discharge,  829  second-feet. 

Daily  gage  height^  in  feet,  of  Juniata  River  at  Newport,  Pennsylvania,  for  1S99. 


Day. 

Mar. 

Apr. 

May. 

June. 

8.11 
3.60 
8.60 
8.40 
8.80 
8.40 
8.80 
8.20 
8.20 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.00 
2.60 
2.60 
2.50 
2.60 
2.50 
2.60 
2.60 
2.70 
2.70 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 
Dec. 

1 

7.00 
6.10 
6.60 
5.10 
4.90 
4.60 
4.30 
5.60 
7.80 
6.90 
5.80 
5.60 
6.10 
4.90 
4.80 
4.70 
5.60 
4.40 
4.30 
4.10 
4.00 
8.90 
8.80 
8.80 
8.70 
8.60 
3.60 
8.60 
8.60 
8.40 

8.40 
8.40 
8.60 
8.70 
8.60 
8.40 
8.40 
8.40 
8.60 
3.60 
4.00 
4.10 
4.00 
3.80 
8.80 
3.00 
8.70 
4.10 
8.00 
7.30 
7.60 
5.10 
4.70 
4.40 
4.00 
8.70 
3.70 
3.70 
3.70 
4.10 
8.11 

2.70 
2.70 
2.60 
2.60 
8.00 
8.00 
8.00 
8.00 
8.10 
3.80 
8.30 
3.30 
8.10 
3.10 
3.10 
8.00 
2.90 
2.90 
2.90 
8.00 
3.00 
8.00 
8.00 
3.00 
8.00 
3.00 
2.80 
2.90 
2.90 
2.90 
2.90 

&00 
8.00 
8.00 
3.00 
8.00 
8.00 
8.80 
3.60 
3.30 
8.20 
8.10 
3.10 
8.40 
3.10 
8.10 
8.00 
8.00 
3.00 
3.00 
3.10 
8.00 
8.00 
2.90 
2.90 
2.90 
2.00 
2.90 
4.40 
4.10 
5.0U 
4.40 

8.50 
3.60 
8.40 
3.40 
3.20 
8.30 
3.30 
8.80 
8.80 
8.80 
8.30 
8.40 
4.80 
4.80 
8.80 
8.50 
8.80 
3.10 
3.10 
8.10 
8.10 
8.10 
3.10 
8.10 
8.10 
3.10 
8.10 
3.20 
8.80 
3.30 

3.20 
3.10 
3.10 
3.10 
8.00 
3.00 
3.00 
8.00 
2.90 
2.90 
2.90 
2.90 
2.00 
2.90 
2.00 
2.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 

2.70 
4.00 
4.90 
4.60 
4.20 
8.90 
8.70 
8.60 
3.60 
3.40 
8.80 
3.80 
3.30 
8.20 
&20 
3.20 
3.20 
3.10 
3.10 

aio 
aio 

8.10 
8.10 
8.40 
4.00 
4.00 
8.80 
3.60 
8.50 
8.40 

3.30 

2 

3.311    '< 

8 

3.30    1 

4 

3.30    1 

5 

3.30 

6 

7 

3.20 
3.10    1 

8 

3.10    1 

9 

3.10 

10 

a  10  ' 

11 

aiu  ' 

13 

8.70    1 

13 

4.80    1 

U 

5.50    ' 

15 

5.10    ) 

16 

4.80    \ 
4.80 

17 .. 

18 

4.0D    ' 

19 

4.00    t 

20 

3.70    1 

a 

6.60 
6.00 
5.70 
6.00 
5.60 
6.20 
5.10 
5.10 
8.80 
10.80 
8.80 

aiO 

22 

5.00 
5.00 
5.00 
5.80 
5.90 
4.60 
4.80 
4.10 
4.10 
4.10 

23 

24 

26 

26 

27 

28 

29 

30 

81 

SUSQUEHANNA  RIVEB  AT  HARRISBURG,   PENNSYLVANIA. 

Observations  of  the  height  of  water  in  the  Susquehanna  River  have 
been  made  for  several  years  at  the  pump  house  of  the  watenrorks 
located  in  the  western  part  of  the  city  of  Harrisburg,  Pennsylvania^ 
this  being  about  55  miles  below  the  junction  of  the  north  and  west 
branches.     A  float  is  located  in  the  pump  well  connected  with  the 
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river,  which  indicates  the  height  of  water  upon  a  painted  scale.  The 
datum  is  the  low-water  mark  of  1804.  Observations  ai-e  made  by  the 
engineer,  C.  M.  Nagle,  each  morning  before  starting  the  pumps.  The 
record  since  1890  has  been  furnished  by  E.  Mather,  president  of  the 
Harrisburg  Water  Company.  Measurements  of  discharge  are  made 
from  the  open  iron  bridge  on  Second  street.  The  initial  point  for 
soundings  is  the  iron  upright  on  the  east  end  of  the  bridge.  The 
stream  is  divided  into  two  channels,  with  a  large  island  between. 
The  channel  above  and  below  the  station  is  straight  for  about  2,500 
feet,  the  banks  high,  and  the  current  of  moderate  velocity.  The  first 
measurement  was  made  on  March  31,  1897.  The  results  of  measure- 
ment may  be  found  as  follows:  1897,  Nineteenth  Annual  Report,  Part 
IV,  pages  122-127;  1898,  Twentieth  Annual  Report,  Part  IV,  page  109. 
The  following  measurements  were  made  by  E.  G.  Paul  during  1899 : 

June  11,  gage  height,  1.75  feet;  discharge,  11,746  second-feet. 
Jtdy  29,  gage  height,  0.91  foot;  discharge.  6,534  second-feet. 
September  12,  gage  height,  0.75  foot;  discharge,  5,404  second-feet. 
October  23,  gage  height,  0.16  foot;  discharge,  3,625  second-feet. 

Daily  gage  height,  in  feet,  of  Susquehanna  River  at  Harrisburg,  Pennsylvania,  for 

1899. 


Day. 


1. 

2. 

8. 

4. 

6- 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


8.26 
8.16 
2.75 
a26 
8.50 
5.00 
8.00 
6.83 
6.06 
5.41 
4.68 
4.00 
3.88 
8.16 
8.83 
8.66 
4.88 
7.00 
6.83 
5.66 
4.91 
4.88 
4.26 
4. 08 
4.16 
5.26 
4.50 
8.88 
8.25 
3.00 
3.0U 


Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 
0.76 

Sept. 

2.50 

8.41 

7.26 

3.41 

2.60 

1.75 

1.83 

2.00 

8.16 

6.41 

8.06 

2.68 

1.66 

.75 

1.50 

1.91 

7.88 

5.88 

8.08 

2.50 

1.66 

.76 

1.26 

2.25 

7.41 

5.88 

8.41 

2.60 

1.50 

.76 

1.08 

2.58 

8.00 

4.91 

3.16 

2.60 

1.33 

.76 

1.06 

2.66 

12.50 

4.41 

3.16 

2.33 

1.26 

.91 

1.00 

2.83 

18.00 

4.26 

3.00 

2.08 

1.26 

.76 

.91 

2.41 

U.41 

4.75 

2.75 

1.91 

1.16 

.76 

.91 

2.50 

9.26 

6.88 

2.83 

1.91 

1.16 

.83 

.83 

2.41 

7.66 

8.75 

2.06 

1.91 

1.16 

.76 

1.00 

2.41 

6.60 

8.41 

2.75 

1.75 

1.41 

.66 

1.00 

4.41 

5.75 

7.75 

2.75 

1.66 

1.26 

.66 

.75 

4.41 

5.75 

6.75 

2.91 

1.66 

1.16 

1.08 

.83 

4.58 

7.50 

6.75 

2.88 

1.68 

1.16 

L08 

1.41 

4.58 

8.41 

8.00 

2.58 

1.60 

1.16 

1.25 

1.25 

4.66 

8.00 

8.00 

2.60 

1.60 

1.06 

.91 

.83 

4.K8 

7.41 

7.83 

2.60 

1.41 

1.00 

.66 

.75 

4.H» 

6.41 

7.33 

2.68 

1.26 

1.26 

.66 

.76 

4.91 

4.38 

6.83 

3.76 

1.26 

1.26 

.50 

.68 

4.75 

7.16 

6.00 

4.75 

1.25 

1.25 

.60 

.66 

4.91 

8.60 

5.41 

5.16 

1.25 

1.26 

.60 

.75 

5.88 

8.16 

6.06 

4.26 

1.16 

1.33 

.60 

.66 

7.50 

7.50 

4.91 

8.91 

1.06 

1.33 

.50 

.66 

7.60 

7.16 

4.60 

3.68 

1.00 

1.33 

.60 

.66 

7.16 

7.41 

4.41 

3.16 

1.41 

1.16 

.50 

.66 

6.88 

7.41 

4.00 

8.00 

2.00 

1.00 

.41 

.66 

7.88 

6.88 

8.91 

2.91 

1.66 

1.00 

.66 

1.00 

9.00 

6.88 

8.75 

2.66 

1.60 

1.00 

4.00 

1.33 

* ■•••  • 

6.88 

8.66 

2.60 

1.60 

.91 

2.66 

1.16 

7.88 

8.60 

2.60 

1.76 

.88 

2.50 

1.08 

8.06 

------ 

2.60 

.75 

2.16 

Oct. 


1.08 
.83 
.83 
.75 
.66 
.66 
.58 
.68 
.68 
."66 
.58 
.68 
.60 
.50 
.51 
.41 
.41 
.41 
.41 
.33 
.83 
.38 
.33 
.16 
.16 
.26 
.33 
.33 
.41 
.33 
.33 


Not. 

Dec. 

0.60 

1.76 

1.66 

1.68 

2.60 

1.60 

3.26 

1.60 

4.60 

1.60 

3.91 

1.60 

3.75 

1.50 

3.16 

1.60 

2.83 

1.50 

2.50 

1.60 

2.26 

1.60 

2.16 

1.60 

2.08 

2.76 

2.00 

6.60 

2.26 

6.83 

2.41 

6.00 

2.41 

6.33 

2.41 

4.68 

2.83 

4.06 

3.00 

3.76 

2.91 

8.76 

2.58 

8.83 

2.50 

4.60 

2.25 

4.26 

2.26 

5.88 

2.26 

6.75 

2.16 

5.26 

2.00 

4.68 

2.00 

8.83 

1.8R 

8.00 

2.26 

OCTORARO   CREEK  AT  ROWLANDSVILLE,   MARYLAND. 

This  stream  rises  in  Lancaster  County,  Pennsylvania,  and  flows  in 
a  southwesterly  direction  between  Lancaster  and  Chester  counties 
into  Maryland,  where  it  empties  into  the  Susquehanna  River  about 
nut  35 6 
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OPERATIONS    AT    RIVER    STATIONS,    1899. PART    I.  r^cSi 


five  miles  1k*1ow  the  State  line.  This  station  whs  established  Novem- 
ber 21,  1896,  at  the  wagon  bridge  in  the  village  of  Rowlandsville, 
Maryland.  The  situation  is  not  a  good  one  for  making  measure- 
ments, owing  to  an  eddy  along  the  left  bank  and  the  proximity  of  tlie 
mouth  of  a  small  tributary,  which  would  cause  ei-oss  currents  in  time 
of  high  water.  The  channel  is  straight,  the  current  swift,  the  banks 
high  and  not  subject  to  overflow.  The  observations  and  most  of  the 
gagings  have  been  made  by  Hugh  W.  Caldwell,  of  Rowlandsville, 
Maryland.  The  record  having  been  continued  long  enough  to  have 
determined  the  general  flow  of  the  stream  the  station  was  abandoned 
September  30,  1899.  The  following  measurements  were  made  by 
Hugh  W.  Caldwell  during  1899: 

MecLsurementH  of  Octoraro  Creek  at  Rowlandaville^  Maryland. 


Date. 


JannarySI. 
February  4 
March  15... 
March  31... 
April  15... . 
April  21.... 

Mays 

MayaO 

Jane6 

Jane  16 


,elX    Di8ch.rg«. 


heig 


tet. 

Sec.  feet. 
1,505 

6.40 

4.40 

531 

5.00 

666 

4.80 

722 

4.  an 

607 

4.2iO 

470 

4.60 

538 

4.00 

413 

3.80 

333 

3.70 

189 

Date. 


1809. 

June  28 

June  29 

July  16 

July  28 

August? 

August  11 

August  19 

August  28.... 
Sei^mber  25 


Discharge. 


Sec. 


.  feet. 
185 

as7 

219 
186 

in 

1,014 
144 
206 

1,113 


Daily  gage  height y  in  feei^  of  Octoraro  Creek  at  Rowlandsville^  Maryland^  for  JSf**'. 


Day. 

Jan. 

1 

4.60 

2 

4.80 

3 

4.95 

4 

4.80 

5 

4.95 

6 

5.45 

7 

5.55 

8 

4.80 

9 

4.55 

10 

4.50 

U 

4.50 

12 

4.30 

18 

4.75 

14 

4.40 

15 

16 

4.30 
4.25 

17 

4.15 

18 

4.00 

19 

8.90 

20 

3.85 

21 

8.70 

22 

3.70 

23 

8.60 

24 

6.30 

25 

6.10 

26 

5.60 

27 

4.90 

28 

4.45 

29 

4.25 

30 

4.10 

31 

4.05 

Fel>. 


3.90 


00 
00 
30 
40 
40 
30 
10 
00 
3.90 
8.&5 
20 
85 


4. 
4. 


6.00 


70 
65 
20 
6.90 
6.80 
6.45 


4. 
4. 
7. 


Mar. 


4.30 


45 

.50 
80 
45 
70 
75 
15 
50 
05 
80 
8.75 
6.30 
60 
15 
70 
40 
4.30 
4.25 
4.20 


4. 
4. 
4. 
7 
6. 
5. 
5. 
4. 
4. 
3. 


4. 
5. 
4. 
4. 


Apr.      May. 


'   6.15 

4.05 

5.75 

4.00 

1   5.50 

4.00 

5.25 

3.90 

5.05 

5.20 

5.56 

4.70 

6.05 

4.60 

4.65 

6.95 

6.00 

5.00 

4.80 

4.60 
4.40 
4.20 
4.10 
4.00 
3.90 
5.30 
5.05 
4.85 
4.76 
4.65 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


,80 
,30 
,30 
,30 
,20 
25 
20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 


4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.36 
4.35 


4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 
4. 


05 
,20 
,25 
05 
15 
,00 
05 
00 
25 
4.05 
4.00 
4.00 
8.95 
3.90 
3.90 
3.85 
8.80 
3.80 
8.80 
3.80 
3.85 
3.80 


3.80 
3.80 
3.80 
3.70- 
3.70 
3.70 
8.60 
3.75 
3.75 
a90 
3.75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.65 
3.60 
60 
60 
.65 
00 
60 
60 
8.65 
3.65 
8.60 
3.60 
3.80 
3.60 


July.  I  Aug. 


3. 
3. 
3. 
3. 
3. 
3. 


•1 


3. 
3. 


3.50 
3.40 
40 
40 
3.55 
3.90 
8.60 
3.85 
3.85 
3.65 
3.60 
3.45 
3.45 
3.45 
8.50 
60 
40 
3.66 
3.45 
3.40 
3.85 
3.35 
3.80 
a35 
3.30 
3.65 
3.&5 
3.40 
3.40 
3.40 
8.40 


3. 
3. 


3.35 
3.30 
3.25 
3.30 
3.30 
3.30 
3.55 
3.40 
3.35 
5.30 
8.55 
3.45 
8.45 
3.40 
3.40 
3.40 
3.40 
a40 
3.40 
8.30 
8.25 
3.40 
8.35 
3.30 
8.30 

aao 
a60 

3.55 
3.50 
3.50 
3.50 


Sept. 


3.50 
3.45 
3.40 
3.30 
3.20 
3.15 
3.20 
a20 
3.40 
3.40 
a45 
3.70 
3.50 
3.40 
a40 
3.30 
3.80 

aao 

3.35 
3.85 
aTO 

aeo 
a  35 
a  30 
asD 

6.30 
4.96 
4.66 
4.00 
4.15 


Discontinued  September  30, 1899. 
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PATAPSCO  RIVER  AT  WOODSTOCK,  MARYLAND. 

This  river  rises  in  the  north-central  part  of  Maryland,  flows  in  a 
southeasterly  direction  between  Baltimore  and  Howard  counties,  and 
empties  into  Chesapeake  Bay.  Its  watershed  is  a  hilly  country 
largely  under  cultivation.  A  station  was  established  at  Woodstock 
August  6,  189C,  by  E.  G.  Paul.  The  drainage  area  is  251  square 
miles  and  is  partly  shown  on  the  Ellicott  and  Frederick  sheets  of  the 
topographic  atlas.  Measurements  are  made  from  the  county  bridge  on 
the  road  from  Woodstock  to  Granite,  Maryland,  1|  miles  below  the 
junction  with  the  North  Branch,  as  shown  on  the  Ellicott  atlas  sheet. 
The  scale  is  a  board  graduated  to  feet  and  tenths  with  small  nails, 
and  fastened  to  the  floor  timber  of  the  bridge.  The  bench  mark  is  a 
United  States  Geological  Survey  standard  copper  bolt,  sel  in  the  face 
of  the  retaining  wall  of  the  entrance  to  the  college  grounds  at  the 
north  end  of  the  bridge.  It  is  22.06  feet  above  gage  datum.  The 
bridge  was  repaired  on  January  20-25, 1899,  and  the  gage  destroyed.  A 
new  gage  was  established  on  January  30, 1899,  and  referred  to  the  same 
bench  mark.  The  channel  is  rough  and  rocky.  The  banks  are  high 
and  not  subject  to  overflow.  At  a  time  of  extreme  high  water  the 
channel  is  liable  to  changes.  The  observer  is  David  Donovan,  a  store- 
keei)er  at  Woodstock,  Maryland.  The  three  following  measurements 
were  made  by  E.  G.  Paul  during  1899:  January  30,  gage  height  4.30 
feet,  discharge  431  second-feet;  May  22,  gage  height  4.20  feet,  dis- 
charge 400  second-feet;  September  6,  gage  height  3.60  feet,  discharge 
129  second-feet. 
Daily  gage  height,  in  feet,  of  Patapsco  River  at  Woodstock,  Maryland,  for  1899, 


[n] 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

8.fl0 

4.85 

4.65 

4.20 

3.95 

8.75 

3.66 

3.60 

3.55 

3.60 

3.70 

5.10 

4.90 

4.50 

4.15 

4.15 

3.60 

4.30 

8.70 

3.55 

8.75 

3.60 

5.00 

4.70 

4.45 

4.20 

3.95 

8.70 

4.10 

3.80 

3.56 

3.70 

3.20 

4.90 

4.75 

4.85 

4.30 

3.95 

3.75 

8.85 

3.65 

3.40 

3.60 

3.60 

4.90 

8.50 

4.40 

4.15 

8.95 

4.26 

3.85 

3.60 

3.60 

3.70 

3.60 

5.20 

6.70 

4.30 

4.25 

3.95 

4.00 

3.86 

3.45 

3.80 

3.60 

8.65 

5.35 

5.20 

4.60 

4.25 

8.80 

3.90 

3.90 

3.40 

3.75 

3.70 

3.55 

Ice. 

4.90 

5.90 

4.85 

3.85 

3.90 

8.75 

3.75 

3.60 

3.70 

8.60 

Tc«. 

4.70 

4.66 

4.45 

3.96 

3.90 

3.75 

3.45 

3.70 

3.70 

3.65 

Ice. 

4.70 

4.65 

4.25 

4.20 

3.96 

8.70 

3.70 

3.70 

3.70 

3.75 

Ice. 

4.75 

4.45 

4.15 

4.20 

3.75 

3.55 

3.55 

3.65 

8.70 

3.75 

Ice. 

4.75 

4.50 

4.86 

4.15 

8.65 

8.60 

8.55 

3.55 

8.60 

4.06 

Ice. 

4.65 

4.20 

4.26 

4.10 

3.80 

8.65 

8.66 

3.45 

8.60 

3.90 

Ice. 

4.55 

4.35 

4.25 

4.06 

4.05 

8.85 

8.60 

3.50 

3.75 

8.80 

Ice. 

4.86 

4.40 

4.20 

8.96 

3.80 

8.35 

8.50 

3.  TO 

8.65 

3.66 

Ice. 

4.80 

4.45 

4.15 

4.00 

3.80 

8.80 

8.45 

3.65 

8.60 

8.60 

Ice. 

4.60 

4.45 

4.26 

4.10 

4.15 

8.65 

8.35 

8.66 

8.70 

3.30 

lea 

4.75 

4.40 

4.85 

4.00 

4.15 

3.75 

8.45 

3.65 

8.70 

3.85 

Ice. 

5.30 

4.30 

4.50 

8.96 

8.95 

8.65 

8.45 

3.60 

8.60 

8.96 

Ice. 

4.85 

4.30 

4.25 

3.75 

3.80 

3.65 

3.35 

3.70 

8.80 

8.95 

6.20 

4.70 

4.30 

4.20 

3.85 

3.75 

3.65 

4.00 

3.55 

8.76 

3.85 

5.75 

5.00 

4.30 

4.20 

4.00 

3.75 

3.60 

3.45 

3.40 

8.76 

8.80 

5.40 

4.90 

i.2b 

4.25 

3.86 

3.70 

8.56 

8.40 

8.40 

3.70 

8.20 

4.95 

4.50 

4.25 

4.20 

8.80 

3.90 

8.50 

8.46 

3.56 

8.66 

8.30 

5,15 

4.40 

4.30 

4.10 

8.80 

8.85 

3.50 

8.55 

3.65 

3.70 

4.40 

4.80 

4.40 

4.26 

4.06 

8.85 

8.90 

8.60 

5.90 

3.60 

3.70 

3.95 

6.15 

4.40 

4.30 

4.00 

4.00 

3.86 

3.65 

4.25 

3.65 

3.65 

8.80 

5.05 

5.30 

4.25 

4.10 

3.85 

8.75 

8.90 

4.00 

3.60 

8.75 

8.85 

4.85 

4.20 

4.00 

3.75 

3.76 

3.90 

3.60 

3.25 

8.70 

4.15 

4.75 

4.20 

4.00 

8.85 

3.50 

3.55 

8.56 

3.60 

3.70 

4.00 

4.65 

4.00 

3.80 

3.66 

8.60 

a  Gage  out;  no  readings. 
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NORTH   BRANCH    OF   POTOMAC    RIVER   AT    PIEDMONT,    WEST  VIRGINIA. 

This  stream  rises  in  the  western  part  of  West  Virginia  and  flows  in 
a  northeasterly  direction,  forming  the  boundary  between  Maryland 
and  West  Virginia.  At  a  point  about  15  miles  below  Cumberland 
it  is  joined  by  the  South  Branch,  forming  the  Potomac  River.  The 
drainage  area  is  mapped  on  Piedmont,  St.  George,  Accident,  Grants- 
ville,  and  Frostburg  atlas  sheets.  Systematic  measurements  of  dis- 
charge have  been  made  at  Piedmont,  West  Virginia.  This  station, 
established  June  27,  1899,  by  E.  G.  Paul,  is  located  at  the  iron 
highway  bridge  connecting  Luke,  Maryland,  with  Piedmont,  West 
Virginia.  The  wire  gage  is  38.87  feet  from  index  to  end  of  weight, 
and  is  referred  to  a  scale  board  14  feet  long,  attached  to  the  bridge 
90  feet  from  the  first  pier,  and  is  divided  into  feet  and  tenths.  The 
channel  is  straight  for  an  eighth  of  a  mile  above  and  below  the  sta- 
tion. The  current  is  swift  and  unobstructed.  The  right  bank  is  high 
and  rocky,  but  the  left  bank  is  low  and  liable  to  overflow.  The  bed 
of  the  stream  is  rocky  and  permanent  in  section.  The  observer  is 
Charles  W.  Beck,  a  bookkeeper  at  Piedmont,  West  Virginia.  A 
measurement  was  made  by  E.  G.  Paul  on  June  27,  1899,  at  a  gage 
height  of  3.00  feet,  when  the  discharge  was  350  second- feet. 


Daily  gage  height,  in  feet,  of  North  Branch  of  Potonuic  River  at  Piedmont,  W^ 

Virginia,  for  1899, 


Day.            j    June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

3.15 
2.90 
2.80 
2.70 
2.66 
2.70 
2.80 
2.70 
2.70 
2.70 
2.66 
2.50 
2.40 
2.85 
2.85 
2.60 
2.70 
2.90 
2.66 
2.60 
2.85 

2.60 
2.36 
2.25 
2.40 
2.40 
2.40 
2.65 
2.80 
2.80 
2.26 
2.10 
2.15 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
2.10 
3.00 
2.90 
2.66 
2.35 

2.20 
2.20 
2.10 
2.00 
2.30 
2.» 
2.16 
2.10 
2.20 
2.80 
2.96 
8.40 
2.75 
2.45 
2.36 
2.30 
2.30 
2.16 
2.10 
2.46 
2.90 
2.65 
2.40 
2.40 
2.25 
2.20 
2.30 
2.56 
2.40 
2.25 

2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.20 
2.10 
2.15 
2.10 
2.10 
2.20 
2.10 
2.10 
2.00 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2,10 
2.20 
2.16 
2.15 

8.76 

8.90  1 

8.06; 

2.80  ' 

2.70' 

2.55 

2.60 

2.40 

2.4a 

2.4D 

2.40 

2.40 

2.80 

2.80 

2.80 

2.80 

2.80 

2.20 

2.40 

8.86 

8.00 

2.80 

2.86 

8.80 

8.20 

8.00 

2.80 

2.80 

2.70 

2.60 

2.60 
2.60 
2  60 

2 

3 

4 

2.55 

6 

2.50 

6 

2.40    ' 

7 

2.40    i 

8 

2.40    i 

9 

2.36 

10    

2.40    ' 

11 

2.60 

12 

5.2D    1 

13 

4.60 

14 

3.75    1 

15      

a60 

16 

3.35 

17....  

3.05 

18 

3.15    1 

1» 

8.20    1 

20 

a70 

21 

3.30    ' 

22 

8.20    1 

23 

2.80 
2.30 
2. 30 
2.20 
2.16 
2.60 
2.36 

8.10    1 

24 

3.00 

26 

8.00 

26 

2.90    1 

27 

8.00 
2.90 
8.85 

2.80    1 

28 

2.80 

29 

2.80    ' 

ao 

3.50         '2.30 

2.80 
2.70 

31 

2.45 

WEST  VIRGINIA. 
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SOUTH   BRANCH  OP  POTOMAC  RIVER  AT  SPRINQFIEU),  WEST  VIRGINIA. 

This  stream  rises  in  Highland  County,  West  Virginia,  and  flows 
in  a  northeasterly  direction,  joining  the  North  Branch  of  Potomac 
River  about  15  miles  below  Cumberland,  Maryland,  forming  Potomac 
River.  The  drainage  area  of  the  South  Branch  consists  of  long, 
narrow,  mountain  valleys,  sparsely  settled  and  little  cultivated,  being 
for  the  greater  part  covered  with  timber.  The  region  being  fi^e 
from  manufacturing  industries  and  mining  operations,  no  pollution 
of  the  waters  occurs.  The  drainage  area  is  mapped  on  the  follow- 
ing atlas  sheets:  Romney,  Piedmont,  Beverly,  Franklin,  Woodstock, 
Staunton,  and  Monterey.  A  gaging  station  was  established  at  the 
railroad  bridge,  2  miles  south  of  Springfield,  West  Virginia,  in  April, 
1894,  by  Cyrus  C.  Babb,  but  was  discontinued  in  1896  for  want  of  an 
observer.  The  present  station,  established  June  26,  1899,  by  E.  G. 
Paul,  is  located  on  the  iron  highway  bridge,  one-fourth  of  a  mile 
from  Graces  Station  and  1  mile  from  Springfield.  The  wire  gage 
is  39.4  feet  from  the  zero  to  the  extreme  end  of  the  weight,  and  is 
referred  to  a  scale  graduated  to  feet  and* tenths,  on  the  guard  rail  on 
the  upper  side  of  the  bridge  80  feet  from  the  abutment  on  the  left 
bank.  The  channel  of  the  stream  at  this  point  is  curved  and  the 
cniTent  too  sluggish  to  make  satisfactory  discharge  measurements, 
and  they  are,  therefore,  made  from  the  railroad  bridge  over  the  stream 
1  mile  above.  The  observer  is  John  E.  Grace,  of  Springfield,  West 
Virginia.  A  measurement  was  made  by  E.  G.  Paul,  June  26,  1899,  at 
a  gage  height  of  4.00  feet,  when  the  discharge  was  617  second-feet. 

Daily  gage  height,  in  feet,  of  South  Branch  of  Potomac  River  at  Springfield,  West 

Virginia,  for  1899, 


Day. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

X/vC« 

1 

3.20 

3.70 

3.70 

3.70 

3.00 

3.60 

3.60 

3.70 

4.20 

3.90 

3.80 

3.60 

8.40 

3.20 

3.10 

3.00 

2.90, 

3.00 

3.40 

3.20 

3.20 

3.20 

3.40 

afio 

3.60 
3.40 
3.40 
3.20 
3.20 
3.20 
3.20 

3.40 
3.60 
8.60 
8.40 
8.20 
3.20 
8.20 
3.20 
8.10 
8.10 
8.10 
3.00 
8.00 
8.10 
3.20 
8.20 
8.10 
8.10 
8.00 
8.00 
3.10 
3.20 
8.20 
3.30 
3.30 
3.20 
3.20 
8.10 
3.10 
3.20 
3.20 

3.40 
8.40 
3.60 
8.60 
8.60 
8.60 
8.60 
8.60 
8.60 
8.60 
8.40 
3.40 
3.40 
3.40 
3.60 
3.60 
8.60 
8.40 
8.40 
3.40 
3.30 
3.30 
3.20 
3.10 
3.10 
3.00 
3.00 
8.20 
8.30 
3.40 

8.40 
8.40 
8.40 
3.30 
3.30 
3.20 
3.20 
8.20 
8.20 
3.20 
3.10 
8.10 
3.10 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
8.10 
8.10 
3.1U 
3.00 
8.00 
3.20 
3.40 
3.60 
3.60 
3.80 
4.20 
4.40 

4.60 
4.80 
4.80 
4.80 
4.60 
4.60 
4.60 
4.40 
4.20 
4.10 
4.10 
4.00 
4.00 
4.00 
3.90 
3.80 
3.70 
3.60 
3.60 
3.90 
4.90 
6.90 
6.80 
5.00 
5.60 
5.40 
5.20 
4.80 
4.70 
4.60 

.  4.60 
4.10 
4.00 
4.00 
8.80 
8.70 
3.70 
8.60 
3.40 
3.80 
4.00 
5.80 
5.60 
5.60 
5.40 
5.00 
5.60 
560 
5.50 
5.40 
5.40 
5.40 
5.00 
4.00 
Ice. 
Ice. 
Ice. 
Ice. 
Ice. 
Ice. 
Ice. 

8 

3 

4 L 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

4.00 
4.20 
8.90 
4.10 
3.40 

28 

29 

30 

31 

8(> 
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ANTIETAM   CREEK  AT  8HARPSBURG,  MARYLAND. 

This  stream  rises  in  the  western  part  of  Maryland  and  flows  in  a 
southerly  direction,  entering  the  Potomac  10  miles  above  Harpers 
Ferry.  Its  drainage  area  is  mostly  of  a  hilly  character  and  largely 
cultivated.  A  station  was  established  at  Myers  Mill,  1  mile  east  of 
Sharpsburg,  Maryland,  on  the  road  to  Keedysville,  Marylaqd,  on 
June  24, 1897,  by  Arthur  P.  Davis.  The  measurements  are  made  from 
a  three-fourths  inch  iron  cable  with  85-foot  span,  supported  by  large 
trees  on  either  side  of  the  stream.  The  gage  is  a  post  driven  into  the 
gravel  of  the  stream  bed  and  bolted  to  an  overhanging  tree.  The 
initial  point  for  soundings  is  on  the  left  bank.  The  channel  both 
above  and  below  the  station  is  straight  for  300  feet.  The  right  bank 
is  low  and  liable  to  overflow.  The  left  bank  is  high  and  rocky.  The 
current  is  of  moderate  velocity  and  the  flow  unobstructed.  The 
results  of  measurements  may  be  found  as  follows:  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  149;  1898,  Twentieth  Annual  Report, 
Part  IV,^age  122.  The  following  measurements  were  made  by  E.  G. 
Paul  during  1899:  January  27,  gage  height  2.80  feet,  discharge  495 
second-feet;  May  20,  gage  height  2.60  feet,  discharge  418  second-feet; 
September  5,  gage  height  1.80  feet,  discharge  118  second-feet. 

Daily  gage  height,  in  feet,  of  Antietam  Creek  at  Sharpaburg,  MaryUvnd,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept 

Oct- 

Nov. 

'   Dec. 

1 

1...  . 

2.80 

2.70 

4.75 

3.40 

2.40 

2.40 

2.10 

1.70 

1.80 

1.80 

2.40 

1.00 

2 

2.70 

2.60 

4.20 

3.30 

2.45 

3.75 

1.90 

1.60 

1.80 

1.80 

2.25 

1.60 

3 

2.60 

2.60 

4.10 

3.20 

2.90 

2.60 

2.00 

2.56 

1.70 

1.70 

2.00 

1.60 

4-... 

2.70 

2.60 

3.85 

3.20 

2.50 

2.60 

1.85 

1.90 

2.00 

1.60 

1.80 

1.50 

5 

3.00 

2.80 

4.80 

8.10 

2.50 

2.40 

1.90 

1.80 

1.80 

1.60 

1.80 

i.ao 

6 

3.40 

2.80 

4.40 

3.00 

2.50 

2.40 

1.80 

1.70 

1.80 

1.60 

1.90 

l.SO 

7 

3.55 

2.50 

4.05 

2.90 

2.40 

2.30 

2.00 

1.90 

1.70 

1.60 

1.80 

1.60 

8 

8.20 

2.40 

3.90 

8.25 
«10 

2.55 

2.30 

1.90 

1.70 

1.70 

1.50 

1.50 

1.60 

9 

3.00 

2.00 

8.00 

2.70 

2.45 

1.90 

1.70 

1.86 

1.70 

1.60 

1.60 

10 

3.00 

2.80 

8.50 

3.00 

2.55 

2.70 

2.00 

1.80 

1.60 

1.60 

1.70 

1.50 

11 

2.90 

2.60 

3.60 

2.90 

2.50 

2.65 

1.90 

1.80 

2.30 

1.50 

i.eo 

1.60 

12 

2.80 

2.80 

8.40 

2.80 

2.50 

2.40 

1.80 

2.35 

2.10 

1.50 

1.70 

1.60 

13 

2.90 

2.80 

3.30 

2.80 

2.50 

2.40 

2.15 

1.90 

1.86 

1.50 

1.70 

1.00 

14 

3.00 

2.80 

3.20 

2.80 

2.40 

2.35 

2.00 

2.00 

1.80 

1.60 

1.60 

1.70 

16 

3.00 

2.90 

3.20 

2.80 

2.30 

2.30 

1.90 

1.90 

1.70 

1.40 

1.60 

1.80 

16 

3.00 

2.90 

3.50 

2.80 

2.40 

2.30 

1.85 

1.80 

1.60 

1.80 

1.00 

1.80 

17..... 

3.00 

2.80 

3.20 

2.70 

2.20 

2.30 

1.95 

1.90 

1.60 

1.70 

1.80 

1.70 

18 

3.00 

2.90 

3.20 

2.70 

3.15 

2.30 

1.80 

1.80 

1.70 

1.60 

1.70 

1.70 

19 

2.90 

2.90 

3.70 

2.70 

2.80 

2.25 

1.85 

1.80 

2.00 

1.60 

l.TO 

1.60 

20 

2.80 

2.80 

8.75 

2.60 

2.60 

2.20 

1.80 

1.60 

1.90 

1.60 

1.70 

1.61) 

21 

2.80 

3.20 

8.40 

2.60 

2.50 

2.20 

1.80 

1.80 

1.90 

1.60 

1.70 

1.70 

22 

2.80 

4.30 

3.40 

2.60 

2.50 

2.10 

1.80 

1.70 

1.80 

1.60 

1.80 

1.00 

28 

2.80 

4.10 

3.50 

2.50 

2.50 

2.00 

2.05 

1.80 

1.80 

1.70 

1.80 

1.00 

24 

2.80 

3.70 

3.40 

2.40 

2.40 

2.10 

1.90 

1.70 

1.70 

1.60 

1.70 

1.85 

25 

3.25 

3.60 

3.30 

2.50 

2.30 

2.05 

1.70 

1.65 

1.90 

1.60 

1.60 

2.06 

26 

2.90 

4.50 

3.20 

2.45 

2.30 

2.20 

1.76 

1.70 

1.90 

1.60 

1.60 

1.90 

27 

2.90 

5.40 

8.00 

2.50 

2.30 

2.10 

1.70 

8.46 

1.80 

1.60 

1.70 

2.0i) 

28 

2.80 

5.15 

3.50 

2.60 

2.30 

2.15 

1.60 

2.80 

1.80 

1.60 

1.60 

1.90 

29 

2.80 

3.90 

2.50 

2.a0 

2.10 

1.60 

2.30 

1.90 

1.60 

1.70 

l.» 

30 

2.70 

3.70 

2.40 

2.45 

2.20 

1.60 

2.ft'> 

1.90 

1.00 

1.70 

1.00 

81 

2.70 

8.60 

2.40 

1.80 

1.90 

1.60 

( 

NORTH  AND  SOUTH  RIVERS  AT  PORT  REPUBLIC,  VIRGINIA. 

North  and  South  rivers  rise  in  Rockbridge  County,  Vii^inia,  and 
flow  ill  a  southeasterly  direction,  joining  at  Port  Republic  to  form  the 
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South  Fork  of  \he  Shenandoah  River.  The  drainage  areas  of  these 
two  rivers  are  entirely  mapped  on  Franklin,  Harrisonburg,  Staunton, 
Buckingham,  and  Lexington  sheets.  Systematic  measurements  are 
made  on  the  North  and  South  rivers  at  Port  Republic.  These  sta- 
tions, described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  25, 
were  established  in  August,  1895,  by  D.  C.  Humphreys. 

The  gage  for  the  North  River  is  located  on  the  county  highway 
bridge  at  Port  Republic,  Virginia,  500  feet  above  the  mouth  of  South 
River.  A  painted  rod  is  fastened  to  the  third  panel  of  the  first  span 
on  the  lower  side  of  the  bridge.  It  is  nailed  to  the  wooden  uprights 
and  fastened  by  wire  to  the  diagonals.  Bench  mark  No.  1,  the  lower 
end  of  the  third  floor  beajn  from  the  right  bank,  is  24.97  feet  above 
zero  of  the  gage.  Bench  mark  No.  2,  the  bridge  seat  on  lower  end  of 
right  bank  abutment,  is  24.60  feet  above  the  datum  of  the  gage. 

The  gage  for  South  River  is  located  on  the  county  iron  bridge  just 
east  of  the  town,  300  feet  above  the  mouth  of  North  River.  The 
graduations  of  the  rod  are  marked  by  tacksdriven  into  the  rail  on  the 
upper  side  of  the  bridge  at  the  fourth  panel,  the  zero  being  1  foot 
from  the  edge  of  the  pulley.  Bench  mark  No.  1,  the  top  of  the  third 
floor  beam  from  right  bank  upper  side  of  bridge,  is  22.52  feet  above 
gage  datum.  The  zero  of  North  River  gage  is  2.56  feet  below  the  zero 
of  South  River  gage.  All  gagings  of  South  River  include  the  dis- 
charge of  mill  race.  The  observer  at  both  gages  is  T.  S.  Davis,  store- 
keeper, Port  Republic,  Virginia.  In  September,  1898,  a  new  bridge 
was  built  to  replace  the  old  one,  and  the  stations  were  soon  afterwards 
abandoned  (April  1, 1899),  as  measurements  were  made  lower  down,  at 
Front  Royal.  Records  of  measurements  may  be  found  as  follows: 
1895-96,  Eighteenth  Annual  Report,  Part  IV,  pages  25,  26.  One 
measurement  was  made  at  each  station  by  E.  G.  Paul  in  1899,  as  fol- 
lows: North  River,  March  11,  gage  height,  4.80  feet;  discharge,  3,423 
second-feet.  South  River,  March  11,  gage  height,  3.70  feet;  discharge, 
1,592  second-feet. 

Daily  gage  height,  in  feet ,  of  North  River  at  Port  Republic^  Virginia,  for  1809. 


Day. 


1 

o 

mm 

3 

4 
5 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 


Jan. 

Feb. 

Mar. 

2.75 

2.30 

7.10 

2.76 

2.30 

6.50 

2.70 

2.30 

5.00 

2.85 

2.30 

7.40 

2.65 

2.30 

14.00 

6.40 

2.30 

8.90 

6.70 

2.30 

7.50 

6.00 

2.40 

5.80 

4.00 

2.40 

4.80 

8.60 

2.50 

5.30 

8.40 

2.50 

4.80 

8.20 

2.60 

4.60 

3.00 

2.50 

4.00 

2.90 

2.70 

3.80 

2.80 

2.80 

4.50 

2.80 

3.00 

4.20 

3.00 
3.00 
3.40 
4.00 
5.50 
7.00 
7.60 
6.00 
4.90 
4.90 
6.00 
9.00 


Mar. 


4.00 
3.70 


4.00 
4.30 
3.90 
3.60 
40 
20 
10 
10 
8.00 
3.00 
3.00 
3.00 
3.00 


8. 
3. 
3. 
3. 


Apr. 


a  Discontinued  April  1. 
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Daily  gage  height,  infeet^  of  South  River  at  Port  Bepvblic,  Virginia,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

4.00 
3.0U 
3.60 
6.10 
12.00 
6.70 
6.60 
4.00 
8.60 
8.90 
8.70 
8.60 
8.40 
8.80 
8.40 
8.80 

Apr. 

Day. 

Jan. 

Feb. 

Mar. 

1 
Apr. 

1 

2.60 
2.60 
2.40 
2.80 
2.80 
8.40 
6.00 
8.80 
8.00 
8.00 
2.90 
2.75 
2.60 
2.60 
2.60 
2.60 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.80 
2.30 
2.30 
2.80 
2.40 
2.60 
2.60 

a  2. 60 

17 

2.60 
2.40 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 

2.60 
2.60 
2.80 
8.00 
8.60 
6.00 
5.60 
4.10 
3.50 
4.40 
6.60 
6.80 

8.20 
2.90 
3.20 
2.70 
3.60 
8.20 
8.10 
2.90 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 

. 1 

2 

18 

8 

19 

4 

20 

6 

21 

6 

22 

7 

23 

8 

24 

9 

26 

10 

26 

11 

27 

12 

28 

18 

14 

29 

30 

16 

81 

16 

* 

a  Discontlnaed  April  1. 


NORTH  BRANCH  OF  SHENANDOAH  RIVER  AT  RIVERTON,   VIRGINIA. 

This  stream  rises  in  Rockingham  County,  Virginia,  and  flows  in  a 
northeasterly  direction,  joining  with  the  South  Branch  of  the  Shen- 
andoah at  Riverton,  Virginia.  The  station  was  established  at  River- 
ton  by  A.  P.  Davis  June  26,  1899.  Measurements  were  made  from 
an  iron-wire  cable,  about  260  feet  in  span,  stretched  across  the  river 
on -timber  supports,  2  miles  northwest  of  Riverton.  The  station  is 
most  easily  reached  by  a  private  conveyance  from  Front  Royal,  Vir- 
ginia. The  gage  is  a  vertical  timber,  graduated  to  feet  and  tenths, 
bolted  to  a  large  sycamore  tree  on  the  right  bank  of  the  stream.  The 
initial  point  of  soundings  is  on  the  right  bank.  The  channel  is 
straight  above  and  below  the  station  for  about  600  feet.  The  banks 
are  low  and  liable  to  overflow  in  time  of  high  water.  Bed  of  stream 
is  rocky  and  constant.  The  observer  is  O.  Menefee,  a  farmer,  River- 
ton, Virginia.  Two  observations  of  river  height  are  taken  daily. 
Two  measurements  were  made  by  E.  G.  Paul  during  1899,  both  on 
September  2,  with  a  gage  height  of  2.85  feet  in  .each  case.  One  meas- 
urement was  made  at  the  cross  section  at  the  point  where  the  cable 
spans  the  stream,  giving  a  discharge  of  270  second-feet.  The  other 
measurement  was  made  by  wading,  at  a  better  cross  section,  300  feet 
below  the  regular  station,  giving  a  discharge  of  287  second-feet. 
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Daily  gage  height,  in  feet,  of  North  Branch  of  Shenandoah  River  ai  Rivertony  Vir- 
ginia, for  1899. 


Day. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.80 
2.80 
2.78 
2.80 
2.73 
2.73 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
2.76 
2.75 
2.70 
2.68 
2.68 
2.78 
2.75 
2.70 
2.68 
2.68 
2.66 
2.68 
2.63 
2.70 
2.68 
2.85 
3.13 
2.80 
2.70 

2.68 
2.68 
2.68 
2.70 
2.66 
3.00 
2.96 
2.95 
2.83 
2.80 
2.73 
2.70 
2.70 
2.78 
2.70 
2.78 
2.78 
2.78 
2.70 
2.66 
2.63 
2.63 
2.68 
2.65 
2.63 
2.65 
2.63 
2.70 
2.68 
2.95 
2.90 

2.88 
2.88 
2.96 
2.85 
2.73 
2.78 
2.78 
2.70 
2.70 
2.70 
2.70 
2.78 
2.78 
2.70 
2.70 
2.68 
2.70 
2.68 
2.60 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
2.76 
2.70 
2.70 

2.70 
2.68 
2.60 
2.65 
2.70 
2.68 
2.66 
2.65 
2.68 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.66 
2.66 
2.70 
2.68 
2.70 
2.66 
2.66 
2.65 
2.66 
2.70 
2.70 
2.70 
2.70 

2.76 

8.20 
2.95 
2.96 
2.96 
2.86 
2.80 
2.80 
2.80 
2.80 
2.80 
2.78 
2.76 
2.78 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.  TO 
2.70 
2.70 
2.70 

"i'ei" 

2.66 
2.68 
2.60 
2.68 
2.66 
2.10 
2.68 
2.66 
2.68 
2.80 
2.86 
2.90 
2.90 
2.90 
2.90 
2.88 
2.80 
2.80 
2.80 
2.80 
2.80 
2.88 
2.88 
8.00 
8.00 
8.00 
8.00 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

2.85 
2.88 
2L88 
2.88 
2.80 

27 

28 

29 

30 

31 

SOUTH  BRANCH   OF  SHENANDOAH  RIVER  AT  FRONT  ROYAL,  VIRGINIA. 

This  stream  rises  in  Augusta  County,  Virginia,  and  flows  in  a  north- 
easterly direction,  joining  the  North  Branch  of  the  Shenandoah  at 
Riverton  to  form  Shenandoah  River.  A  station  was  established  on 
the  South  Branch  by  A.  P.  Davis,  June  26,  1899.  The  measure- 
ments of  flow  are  made  from  an  iron  wire  cable  300  feet  in  span, 
stretched  across  the  stream  3  miles  southwest  of  Front  Royal,  Vir- 
ginia. The  gage  is  a  vertical  timber  divided  into  feet  and  tenths  and 
bolted  to  the  trunk  of  a  tree  on  the  left  bank  of  the  stream.  The 
Initial  point  for  sounding  is  on  the  left  bank.  The  channel  is  straight 
600  feet  above  and  below  the  station,  and  the  current  sluggish.  The 
left  bank  is  low  and  liable  to  overflow.  The  bed  of  the  stream  is 
rocky  in  part,  with  patches  of  sand  somewhat  shifting.  The  observer 
is  Miss  BrentJe  Johnson,  Front  Royal,  Virginia.  One  measurement 
of  discharge  was  made  by  E.  G.  Paul,  September  1,  1899;  gage  height, 
4.40  feet;  dischar£:e,  616  second-feet. 
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Daily  gage  height  ^  in  feet,  of  South  Branch  of  Shenandoah  River  at  Front  Royal^ 

Virginia,  for  1899, 


Day. 

June. 

July. 

1 

4.80 
4.80 
4.20 
4.20 
4.10 
4.20 
4.20 
4.25 
4.66 
4.70 
4.30 
4.20 
4.15 
4.20 
4.15 
4.25 
4.15 
4.15 
4.16 
4.10 
4.10 
4.10 
4.15 
4.10 
4.10 
4.05 
4.10 
4.20 
4.80 
4.80 
4.25 

2 •. 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

1    19 

20 

21 

22 

23 

24 

25 

28 

4.40 
4.80 
4.25 
4.85 

4.80 

27 

28 

28 

30 

31 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

4.40 

4.40 

4.45 

5.50 

4.40 

4.85 

4.85 

4.40 

8.05 

4.40 

4.20 

4.80 

4.30 

6.70 

4.80 

4.25 

4.20 

4.30 

5.85 

4.80 

4.25 

4.50 

4.80 

6.80 

4.20 

4.20 

4.30 

4.80 

5.65 

4.20 

4.30 

4.20 

4.80 

5.85 

4.20 

4.65 

4.15 

4.35 

6.20 

4.20 

4.80 

4.25 

4.40 

5.05 

4.30 

4.60 

4.75 

4.40 

4.85 

4.80 

4.45 

4.65 

4.40 

4.80 

4.80 

4.80 

4.55 

4.40 

4.70 

4.45 

4.20 

4.45 

4.30 

4.70 

6.96 

4.20 

4.40 

4.80 

4.60 

6.25 

4.20 

4.30 

4.80 

4.60 

6.75 

4.80 

4.30 

4.20 

4.56 

5.45 

4.35 

4.30 

4.20 

4.50 

5.25 

4.25 

4.20 

4.20 

4.50 

5.15 

4.30 

4.20 

4.20 

4.60 

5.00 

4.25 

4.55 

4.20 

4.60 

4.65 

4.20 

5.80 

4.10 

4.60 

4.85 

4.10 

5.30 

4.]5 

4.40 

4.75 

4.10 

4.86 

4.20 

4.40 

4.70 

4.00 

4.60 

4.20 

4.50 

4.90 

8.90 

5.00 

4.20 

4.60 

4.00 

400 

4.6U 

4.20 

4.56 

5.10 

4.00 

4.55 

4.20 

4.50 

6.10 

4.30 

4.60 

4.20 

4.40 

5.00 

6.15 

4.50 

4.20 

4.40 

6.'X) 

5.05 

4.50 

4.20 

4.40 

5.16 

4.60 

4.2J 

SHENANDOAH  RIVER  AT  MILLVILLE,    WEST  VIRGINIA. 

This  river,  formed  by  the  junction  of  the  North  Fork  and  the  South 
Fork  at  Riverton,  Virginia,  flows  in  a  northeasterly  direction  into 
West  Virginia,  where  it  empties  into  the  Potomac  at  Harpers  Ferry. 

Observations  of  the  height  of  Potomac  River  at  the  junction  of 
Shenandoah  River  have  been  made  by  the  Weather  Bureau  at  Har- 
pers Ferry,  West  Virginia.  The  gage  is  on  the  west  face  and  north 
end  of  the  second  abutment  of  the  old  railroad  bridge  from  the  West 
Virginia  side  of  the  river.  It  is  of  Portland  cement,  15  inches  wide, 
plastered  on  the  face  of  the  pier  extending  to  32  feet,  and  continued 
on  the  iron  upright  of  the  bridge  to  36  feet.  The  top  surface  of  the 
6-by-6-inch-square  capstone  corresponds  to  the  32- foot  mark  on  the 
gage.    The  elevation  is  235.5  feet  above  mean  sea  level. 

A  station  was  established  at  Millville,  West  Vii^inia,  April  15, 1895, 
on  Shenandoah  River,  4  miles  above  its  mouth.  A  vertical  gage  was 
placed  in  the  river  and  fastened  to  a  tree,  a  deep  notch  being  cut  in 
the  tree  opposite  the  8-foot  mark.  This  gage  is  referred  to  a  bench 
mark  consisting  of  a  copper  bolt  driven  in  the  foot  of  a  large  sycamore 
tree  on  the  left  bank  of  the  river  150  feet  below  the  gage  rod,  at  an 
elevation  of  6.78  feet  above  the  zero  mark  on  the  gage.  Measure- 
ments are  made  from  a  cable  stretched  across  the  river.  The  old 
cable  was  carried  away  by  the  flood  of  1896,  and  a  new  three-fourths 
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inch  galvanized  iron  wire  cable  was  put  in  place  on  June  23,  1897. 
The  cable,  about  500  feet  in  length,  ia  supported  on  either  bank  by  a 
large  sycamore  tree,  and  is  securely  anchored  on  both  sides.  The 
channel  is  straight,  current  swift  and  unobstructed.  The  banks  are 
low  and  subject  to  overflow.  The  observer  is  W.  R.  Nicewarner, 
The  results  of  measurements  may  be  found  as  follows:  1896,  Eight- 
eenth Annual  Report,  Part  IV,  page  28;  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  151 ;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  127.  The  following  measurements  were  made  by  E.  G.  Paul 
during  1899: 

January  27,  gage  height,  2.40  feet;  discharge,  3,156  second-feet. 
March  10,  gage  height,  5.00  feet;  discharge,  10,838  second-feet. 
May  16,  gage  height,  2.10  feet;  discharge,  2,753  second  feet. 
Septemher  3,  gage  height,  0.90  foot;  discharge,  1,086  second-feet. 
October  29,  gage  height,  0.60  foot;  discharge,  766  second-feet 

Daily  gage^  height  in  feety  of  Shenandoah  River  at  Millville,  West  Virginia,  for 

1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Juae. 
2.05 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.60 

2.80 

Ice. 

8.10 

1.70 

0.90 

1.00 

1.10 

0.80 

1.66 

0.80 

2 

2.20 

2.10 

Ice. 

8.00 

1.60 

2.36 

.90 

.80 

.90 

.70 

2.75 

.80 

3 

2.80 

1.70 

Ice. 

2.80 

1.60 

&00 

.80 

.90 

.90 

.70 

8.20 

.76 

4 

2.00 

2.00 

Ice. 

2.70 

1.60 

2.10 

.80 

1.30 

1.10 

.70 

2.40 

.70 

6 

8.30 

2.40 

Ice. 

2.00 

2.00 

1.80 

.80 

.90 

.80 

.70 

1.90 

.75 

6 

8.80 

2.60 

Ice. 

2.50 

1.90 

1.60 

.80 

.80 

.70 

.70 

1.80 

.70 

7 

4.60 

2.30 

Ice. 

2.40 

1.90 

1.40 

.70 

1.10 

.80 

.70 

1.00 

.70 

8 

6.70 

2.50 

Ice. 

2.50 

1.80 

1.40 

.80 

1.00 

.70 

.70 

1.40 

.70 

9 

6.00 

2.60 

Ice. 

8.10 

2.00 

1.50 

.90 

1.20 

.70 

.80 

1.80 

.70 

10 

4.60 

2.30 

6.00 

8.00 

2.30 

•  1.40 

1.00 

1.00 

.70 

.80 

1.20 

.70 

11 

3.80 

2.40 

6.60 

2.90 

8.10 

1.30 

.90 

1.00 

.80 

.70 

1.10 

.70 

12 

3.60 

(a) 

6.20 

2.70 

2.80 

1.40 

.80 

.90 

1.20 

.80 

1.00 

.75 

18 

3.30 

2^80 

4.00 

2.00 

2.60 

1.40 

.80 

.80 

.90 

.70 

1.00 

.90 

14 

aou 

4.00 

2.60 

2.70 

1.30 

.70 

.90 

.80 

.70 

1.00 

2.90 

16 

2.90 

2.40 

4.00 

2.40 

2.20 

1.30 

.70 

.80 

.80 

.70 

.90 

2.20 

16 

8.00 

2.50 

4.00 

2.80 

2.10 

1.30 

.90 

.70 

.70 

•00 

.90 

1.90 

17 

2.00 

2.70 

4.60 

2.20 

1.90 

1.20 

.80 

.80 

.70 

.00 

.90 

1.00 

18 

2.90 

3.00 

8.90 

2.20 

1.90 

1.10 

.70 

.80 

.00 

.00 

.80 

1.40 

19 

2.00 

3.00 

8.80 

2.20 

2.  .50 

1.00 

.70 

.80 

.00 

.60 

.90 

1.80 

20 

2.80 

3.40 

8.80 

2.20 

2.30 

1.00 

.70 

.70 

.80 

.00 

.80 

1.20 

21  .... 

2.60 

4.00 

3.80 

2.20 

2.00 

1.00 

.70 

.70 

.90 

.00 

.80 

1.20 

22.  ... 

2.40 

Ice. 

8.70 

1.00 

1.90 

.90 

.70 

.00 

.90 

.00 

.80 

1.10 

28 

2.40 

Ice. 

3.50 

1.90 

1.70 

1.00 

.60 

.00 

1.60 

.00 

.80 

1.10 

24 

2.40 

Ice. 

3.30 

1.90 

1.70 

.90 

.00 

.00 

1.10 

.00 

.80 

1.10 

26 

2.40 

Ice. 

3.10 

1.80 

1.60 

.90 

70 

.50 

1.00 

.00 

.80 

1.80 

28,.... 

2.30 

Ice. 

3.00 

2.00 

1.60 

.90 

.00 

.60 

.go 

.60 

.85 

1.20 

2?:.... 

2.50 

Ice. 

2.90 

1.90 

1.60 

.90 

.00 

.60 

.90 

.00 

.85 

1.70 

28 

2.30 

Ice. 

2.90 

1.80 

1.40 

.90 

.00 

.70 

.90 

.00 

.80 

1.40 

29 

2.20 

8.00 

1.80 

1.40 

.90 

.00 

.80 

.80 

.00 

.80 

1.06 

80 

2.10 

8.60 

1.70 

1.30 

1.00 

1.60 

1.00 

.80 

.00 

.80 

1.10 

81 

2.10 

8.30 

1.00 

1.00 

1.30 

.70 

1.10 

a  No  readings. 


POTOMAC  RIVER  AT  POINT  OP  ROCKS,  MARYLAND. 


This  station  was  established  February  17,  1895,  as  described  in 
Bulletin  140,  page  54.  It  is  about  6  miles  above  the  mouth  of  Monoc- 
acy  River,  and  also  above  a  number  of  smaller  streams,  and  therefore 
the  measurements  of  discharge  do  not  represent  the  entire  flow  of 
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Potomac  River.  The  drainage  area  here  is  estimated  to  be  9,654 
square  miles.  It  is  largely  mapped  on  topographic  atlas  sheets — 
Harpers  Ferry,  Winchester,  Romney,  Piedmont,  Warrensburg,  Luray, 
Woodstock,  Franklin,  Beverly,  Harrisonburg,  Staunton,  Monterey, 
Buckingham,  and  Lexington.  Catoctin  Creek  enters  the  Potomac 
1,000  feet  above  the  station.  The  measurements  are  made  from  the 
highway  bridge  at  Point  of  Rocks.  The  wire  gage  is  on  the  east  side 
of  the  first  span,  the  scale  being  marked  on  the  hand  rail  of  the  bridge. 
The  gage  is  referred  to  two  bench  marks — one,  a  copi)er  bolt  in  a 
large  capstone  on  the  lower  wing  wall  of  the  north  abutment,  about 
10  feet  from  the  north  end  of  the  first  iron  truss,  is  41.30  feet  above 
the  datum  of  the  gage.  The  length  of  the  wire  gage  is  44.22  feet. 
The  gage  was  verified  on  October  29,  1899.  The  observer  is  G.  H. 
Hickman.  The  records  of  flow  may  be  found  as  follows:  1895-96, 
Eighteenth  Annual  Report-,  Part  IV,  page  32;  1897,  Nineteenth 
Annual  Report,  Part  IV,  pages  152-153;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  131.  The  following  measurements  were  made 
by  E.  G.  Paul  during  1899 : 

January  28,  gage  height,  8.80  feet:  discharge,  17,880  second-feet. 
May  20,  gage  height,  8.15  feet;  discharge,  45,986  second-feet. 
September  5,  gage  height,  0.80  foot;  discharge,  2,860  second-feet. 
October  20,  gage  height,  0.50  foot;  discharge,  1,628  second-feet. 

Mr.  William  Rich  Hutton,  of  35  Broadway,  New  York,  states  that 
in  the  summer  of  1856  he  made  a  careful  examination  of  the  flow  of 
Potomac  River  a  short  distance  below  the  Great  Falls,  using  loaded 
poles  reaching  as  near  as  possible  to  the  bottom  and  placed  at  5-foot 
intervals  across  the  width  of  the  river.  The  water  was  then  at  the 
lowest  stage  known  to  persons  who'had  observed  the  river  for  many 
years.  The  discharge  was  1,063  second-feet.  Mr.  Hutton  was  of  the 
opinion  that  the  river  was  as  low  in  1862,  but  no  measurements  were 
made  in  that  year. 

In  1839  a  civil  engineer,  Mr.  M.  C.  Ewing,  assistant  to  Major  Turn- 
bull,  United  States  topographic  engineer,  during  the  construction  of 
the  Alexandria  Aqueduct  above  Georgetown,  reported  the  discharge 
below  Little  Falls  to  be  1,904  second-feet.  Mr.  Thomas  L.  Patterson, 
of  Cumberland,  is  reported  to  have  found  the  dischai^e  at  that  point 
in  the  low  water  of  1 838  to  be  24  second-feet,  and  at  Patterson  Creek, 
some  12  miles  below,  48  second-feet.  Figures  of  discharge  of  Potomac 
River  are  given  in  the  statement  regarding  the  extension  of  the  Chesa- 
peake and  Ohio  Canal  in  House  Ex.  Doc.  No.  208,  Forty-third  Congress, 
first  session;  also  in  House  Ex.  Doc.  No.  137,  Forty-fourth  Congress, 
first  session. 
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Daily  gage  heighty  tn  feet,  of  Potomac  River  at  Point  of  Rocks,  Maryland^  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 
11.90 

1 

3.00 

2.40 

2 

3.40 

2.00 

0.20 

3 

2.90 

2.10 

8.20 

4 

2.70 

2.10 

7.60 

5 

2.80 

2.00 

8.50 

6 

4.10 

2.00 

16.55 

7 

0.90 

2.00 

12.90 

8 

8.10 

2.80 

10.00 

9 

6.80 

2.80 

8.10 

10 

5.40 

8.60 

6.00 

11 

4.60 

4.20 

5.80 

12 

8.90 

4.20 

6.60 

13 

8.60 

4.00 

6.00 

U 

8.40 

8.90 

4.80 

16 

8.40 

8.80 

4.60 

16 

4.00 

4.00 

4.00 

17 

6.70 

4.60 

4.70 

18 

6.20 

6.00 

4.40 

19 

4.70 

6.20 

6.20 

20 

4.40 

5.40 

6.40 

21 

4.00 

6.00 

6.80 

22 

3.60 

8.60 

4.70 

28 

8.80 

14.80 

4.20 

24 

8.20 

«13.70 

4.00 

25 

3.80 

9.00 

8.90 

26 

4.80 

6.00 

8.70 

27 

4.70 

9.25 

3.50 

28 

8.90 

18.90 

8.40 

29 

8.20 

8.60 

80 

2.80 

8.00 

81 

2.60 

7.00 

Apr. 


6.80 
4.50 
4.00 
8.60 
8.80 
8.00 
2.80 
8.00 
3.60 
3.40 
4.20 
4.60 
8.40 
3.20 
3.00 
2.80 
2.70 
2.60 
2.50 
2.40 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.70 


May. 

Jane. 

July. 
1.00 

Aag. 

Sept. 
0.90. 

Oct. 

1.60 

2.00 

0.70 

0.70 

1.60 

2.40 

1.00 

.70 

.90 

.60 

2.10 

8.80 

1.10 

.70 

.80 

•  .60 

1.70 

2.60 

1.00 

.90 

.80 

.60 

1.70 

2.10 

.90 

1.00 

.80 

.60 

2.10 

1.80 

1.00 

1.10 

.70 

.60 

2.00 

1.60 

2.00 

1.10 

.70 

.70 

1.90 

1.50 

1.00 

1.10 

.60 

.70 

2.00 

1.40 

1.00 

1.00 

.60 

.70 

2.40 

l.TO 

.90 

1.00 

.60 

.60 

4..60 

1.80 

.90 

.90 

.60 

.60 

3.80 

1.70 

.80 

.80 

.80 

.60 

8.40 

1.70 

.80 

.60 

1.20 

.60 

3.20 

1.60 

.80 

.60 

1.10 

.60 

2.80 

1.60 

.90 

.60 

1.00 

.60 

2.50 

1.50 

1.10 

.70 

.90 

.50 

2.80 

1.40 

.90 

.70 

.80 

.60 

2.40 

1.40 

.70 

.60 

•  .70 

.50 

8.56 

1.80 

.70 

.60 

.70 

.50 

6.80 

1.80 

.70 

•    .60 

.90 

.60 

6.00 

1.20 

.70 

.60 

.70 

.50 

3.60 

1.20 

.70 

.50 

.80 

.50 

3.00 

1.10 

.70 

.60 

.90 

.50 

2.70 

1.10 

.60 

.50 

.90 

.50 

2.40 

1.00 

.60 

.50 

.90 

.50 

2.10 

1.00 

.60 

.50 

1.00 

.50 

2.00 

1.00 

.60 

1.20 

.80 

.50 

1.80 

1.20 

.60 

1.10 

.70 

.50 

1.70 

1.10 

.50 

1.10 

.70 

.50 

1.70 

1.00 

.80 

1.00 

.80 

.50 

1.80 

.80 

1.00 

.60 

Nov. 


0.80 

1.60 

2.60 

2.00 

1.80 

1.40 

1.40 

1.80 

1.20 

1.00 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.TO 

.70 

.80 

.80 

.90 

.90 

.80 

.80 

.80 

.80 


Dec. 


0.80 

.80 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.80 

.80 

1.20 

3.00 

2.10 

1.70 

1.50 

1.60 

1.50 

1.80 

1.10 

1.00 

1.20 

1.80 

2.10 

1.60 

1.50 

1.60 

1.60 

1.60 


MONOCACY  RIVBR  AT  FREDERICK,   MARYLAND. 

Monocacy  River  rises  in  the  south-central  part  of  Pennsylvania 
and  flows  in  a  southerly  direction  through  Frederick  County,  Mary- 
land, entering  Potomac  River  near  the  Montgomery  County  line.  A 
station  was  established  by  E.  G.  Paul,  August  4,  1896,  at  the  county 
iron  bridge  on  the  turnpike,  4  miles  northeast  of  Frederick,  on  the 
road  leading  from  Frederick  to  Mount  Pleasant,  Maryland,  and  about 
2,000  feet  above  the  mouth  of  Israel  Creek  and  3,000  feet  below  the 
mouth  of  Tuscarora  Creek,  as  shown  on  the  Frederick  atlas  sheet. 
The  drainage  area  is  665  square  miles  at  this  point  and  1,000  square 
miles  at  the  mouth.  The  gage  is  attached  to  the  floor  timber  on  the 
lower  side  of  the  bridge.  The  length  of  the  wire  is  35.20  feet.  The 
bench  mark  is  a  cross  cut  in  the  top  face  of  the  capstone  on  the  lower 
retaining  wall  of  the  bridge  abutment  on  the  right  bank  of  the  stream, 
and  is  29.17  feet  above  gage  datum.  The  stream  at  this  station  has 
two  channels,  being  divided  by  a  small,  low  island,  which  serves  as 
a  foundation  for  the  middle  pier  of  the  bridge.  The  right  channel 
is  measured  from  the  lower  side  of  the  bridge,  and  the  left  channel 
from  the  upper  side,  as  these  sections  are  freer  from  rocks  than  a 
continuous  section  on  either  side  of  the  bridge.  The  stream  is  sub- 
ject to  high  water  and  sudden  floods,  owing  to  the  character  of  its 
upper  watershed.  The  observer  is  E.  L.  Derr,  a  farmer  near  Freder- 
ick, Maryland.     Records  of  measurement  can  be  found  as  follows: 
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1896,  Eighteenth  Annual  Rei)ort,  Part  IV,  page  35;  1897,  Nineteenth 
Annual  Report,  Part  IV,  pages  153-155;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  129.  Two  measurements  were  made  by  E.  G. 
Paul  during  1899.  The  first.  May  22,  at  a  gage  height  of  5.20  feet, 
when  the  dischage  was  633  second-feet.  The  second  one  was  on  Sep- 
tember 6,  at  a  gage  height  of  4.00  feet,  with  a  discharge  of  153  second^ 
feet. 

Daily  gage  height  in  feet  of  Monocacy  River  at  Frederick,  Maryland,  for  ISVO. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

1 
Aug. 

3.90 

Sept. 

Oct. 

Nov. 

1 

Dec 

1.... 

6.40 

5.80 

11.60 

7.10 

4.80 

7.10 

4.10 

1 
4.30 

4.00 

1 
7.30 

4.10 

2... 

6.00 

5.20 

10.10 

6.90 

4.80 

11.10 

4.10 

4.00 

4.30 

3.90 

6.40 

4.10 

3.... 

6.50 

5.80 

9.120 

6.50 

5.00 

7.(» 

4.10 

6.10 

5.40 

3.90 

6.30 

4.10 

4.... 

6.00 

6.60 

8.70 

6.10 

4.90 

5.20 

4.M) 

5.00 

5.00 

3.90 

6.00 

4.10 

5... 

6.30 

5.90 

17.15 

6.0) 

4.00 

4.00 

4.00 

5.00 

4.50 

3.80 

1    S.3U 

4.10 

6.... 

12.75 

5.70 

11.46 

6.00 

4.80 

4.70 

4.50 

4.90 

4.00 

3.80 

'    5.00 

4.00 

7  ..- 

14.85 

5.50 

8.90 

7.60 

4.80 

4.  .50 

4.40 

4.50 

3.90 

3.90 

4.50 

4.00 

8.... 

12.50 

5.40 

7.80 

12.60 

5.20 

4.50 

4.2r> 

4.00 

3.80 

3.90 

4.40 

3.90 

9  .... 

10.20 

6.00 

7.50 

8.50 

6.60 

5.50 

4.30 

4.00 

3.70 

4.}0 

4.30 

a  90 

10.... 

6.10 

6.00 

7.40 

6.90 

5.6.) 

6.85 

4.20 

4.00 

4.00 

4.10 

4.30 

3.90 

11.... 

6.10 

6.00 

7.40 

6.50 

5.40 

6.90 

4.20 

4.00 

4.00 

4.00 

4.20 

3.90 

12.... 

6.70 

6.00 

7.30 

6.20 

5.80 

6.50 

4.10 

4.20 

3.90 

4.00 

4.10 

4.80    1 

13... 

6.80 

6.00 

7.10 

5.90 

6.40 

6.20 

4.30 

4.00 

3.90 

3.90 

4.10 

5.95 

14.... 

6.00 

6.00 

6.50 

5.  HO 

5.00 

4.90 

4.20 

3.90 

8.80 

3.90 

4.10 

5.50 

16... 

6.80 

6.00 

6.50 

5.60 

s.ai 

6.20 

4.20 

3.90 

8.80 

3.90 

4.10 

4.50 

16.... 

6.60 

6.00 

9.70 

6.60 

4.90 

6.10 

4.50 

3.90 

3.80 

3.90 

4.10 

4.40 

17.... 

6.60 

6.20 

6.90 

5.00 

5.20 

4.80 

4.30 

3.90 

3.70 

3.90 

4.10 

4.40 

18.... 

7.10 

6.80 

7.90 

5.60 

6.50 

4.50 

4.30 

3.80 

3.70 

4.00 

4.10 

4.90 

19.... 

6.40 

7.90 

13.90 

6.60 

7.70 

4.40 

4.20 

3.80 

3.70 

3.90 

4.10 

4.20 

20.... 

6.60 

9.00 

10.10 

5.40 

6.90 

4.40 

4.10 

3.80 

6.00 

3.90 

4.10 

4.30 

21.... 

5.60 

12.50 

7.90 

5.20 

6.50 

4.40 

4.00 

3.80 

5.30 

8.80 

4.10 

4.50 

22... 

6.60 

13.50 

7.80 

5.10 

5.20 

4.30 

3.90 

3.80 

6.00 

8,80 

4.10 

4.40 

23.... 

5.60 

15.65 

7.60 

5.10 

5.20 

4.30 

3.90 

3.80 

4.90 

8.80 

4.10 

4.80 

24  .... 

5.70 

11.60 

7.20 

5.00 

5.00 

4.30 

3.90 

3.80 

^4.60 

8.80 

5.30 

7.10 

25.... 

10.40 

9.10 

6.70 

;>.oo 

4.90 

4.20 

4.30 

3.80 

4.30 

8.80 

4.70 

6.90 

26-... 

8.20 

9.10 

6.70 

5.00 

4.80 

4.20 

4.50 

3.80 

5.25 

8.80 

4.40 

6.20 

27.... 

6.50 

17.80 

6.70 

5.00 

4.70 

4.20- 

4.40 

4.70 

5.50 

3.80 

4.30  , 

6.00 

28.... 

6.20 

12.60 

10.15 

4.90 

4.70 

4.20 

4.30 

4.95 

6.30 

3.80 

4.30  ' 

5.10 

29-... 

6.20 

11.00 

4.90 

4.60 

4.20 

4.20 

4.70 

5.00 

3.80 

4.30 

5,10 

30.... 

6.20 

8.10 

4.80 

5.00 

4.20 

4.00 

4.30 

4.50 

3.80 

4.20 

5.10 

31  .... 

5.20 

7.90 

5.00 

3.90 

4.30 

"■"■"■ * 

5.00 

) 

in 

ROCK  CREEK   AT  ZOOLOGICAL  PARK,  DISTRICT  OF   COLUBfBIA. 

This  creek  rises  in  Montgomery  County,  Maryland,  and  flows  in  a 
southerly  direction  through  the  District  of  Columbia,  emptying  into 
Potomac  River.  A  study  of  the  discharge  of  Rock  Creek  was 
begun  in  1892,  at  the  request  of  the  Commissioners  of  the  District  of 
Columbia,  and  a  gage  rod  established  by  Cyrus  C.  Babb  at  Lyons  Mill. 
In  August,  1892,  a  self-registering  gage  was  placed  at  the  bridge,  and 
the  record  continued  until  November  30,  1894.  The  present  station 
was  established  January  18,  1897,  by  E.  G.  Paul,  At  the  bridge  of  the 
National  Zoological  Park,  District  of  Columbia.  The  upper  part  of 
the  gage  is  vertical  and  is  fastened  to  the  bridge  abutment,  the  lower 
part  being  inclined  and  fastened  to  the  iron  rods.  The  bench  mark 
consists  of  a  cross  cut  in  the  stone  of  the  bridge  pier.  It  is  9.13  feet 
above  the  zero  of  the  gage.  The  observer  is  W.  V.  Kramer,  a  park 
watchman. 


DISTRICT   OP   COLUMBIA.  _ 
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Daily  gage  height  in  feet  of  Rock  Creek  at  Zoological  Parky  District  of  Columbia, 

for  1899. 


Day. 


1... 
2.... 
3... 
4.... 

5.... 

6.... 

7... 

8... 

9.... 
10.... 
11.... 
\L... 
13.... 
U... 
15..-. 
18.... 
17.--. 
18.... 
19... 
20.... 
21.... 
23... 
23... 
24.... 
25-... 
26.... 
27.-.. 
28.... 
20.... 
30-... 
31.... 


Jan. 


3.06 
2.75 
2.88 
2.90 
3.33 
3.60 
4.25 
3.23 
3.05 
3.00 
3.00 
3.10 
2.90 
3.00 
3.00 
3.00 
3.10 
3.08 
2.98 
2.98 
3.13 
2.85 
2.85 
2.85 
3.68 
3.08 
3.00 
2.88 

2.a5 

2.83 
2.85 


Feb. 


2.78 
2.88 
2.88 
2.95 
8.13 
3.00 
8.00 
2.98 
2.63 
2.96 
2.78 
2.78 
2.78 
2.78 
2.95 
2.95 
4.00 
4.25 
4.43 
4.05 
3.88 
4.18 
4.10 
8.50 
3.20 
3.15 
8.70 
3.38 


Mar. 


3.30 
a23 
3.13 
3.10 
4.50 
3.40 
3.18 
3.10 
3.10 
3.08 
3.23 
3.18 
3.13 
3.00 
3.10 
3.80 
3.00 
3.05 
8.90 
3.33 
3.10 
3.18 
3.18 
3.03 
8.00 
3.00 
8.00 
3.23 
3.45 
3.15 
3.08 


Apr. 


8.00 
2.98 
2.90 
2.90 
2.90 
2.90 
2.95 
8.80 
3.08 
3.00 
2.90 
2.90 
2.90 
2.90 
2.85 
3.05 
3.00 
2.90 


2. 

2. 
2. 
2. 
2. 


,85 
,85 
,80 
80 
,80 
2.80 
2.80 
2.80 
2.83 
2.78 
2.75 
2.75 


May. 

Jnne. 

July. 

Aug. 

2.  as 

Sept. 

2.75 

2.88 

2.40 

2.40 

2.70 

2.68 

2.40 

2.36 

2.40 

2.73 

2.63 

2.35 

3.90 

2.40 

2.70 

2.60 

2.35 

3.20 

2.40 

2.70 

2.55 

2.60 

2.66 

2.38 

2.70 

2.55 

2.68 

2.90 

2.30 

2.75 

2.56 

2.70 

2.65 

2.30 

2.76 

2.56 

2.50 

2.60 

2.30 

8.23 

2.60 

2.78 

2.48 

2.30 

2.83 

'   8.63 

2.48 

2.53 

2.30 

2.83 

2.98 

2.43 

2.60 

2.40 

2.98 

2.73 

2.40 

2.48 

2.43 

2.78 

2.65 

2.60 

2.45 

2.30 

2.73 

2.63 

2.70 

2.75 

2.30 

2.70 

2.55 

2.46 

2.50 

2.30 

2.68 

2.50 

2.46 

2.70 

2.25 

2.78 

2.50 

2.90 

2.60 

2.25 

3.25 

2.50 

2.68 

2.46 

2.30 

2.96 

2.60 

2.46 

2.43 

2.43 

2.78 

2.50 

2.40 

2.40 

3.00 

2.70 

2.48 

2.40 

2.40 

2.63 

2.70 

2.45 

2.40 

2.r3 

2.65 

2.68 

2.45 

2.40 

2.45 

2.40 

2.65 

2.45 

2.40 

2.35 

2.35 

2.60 

2.48 

2.40 

2.30 

2.65 

2.60 

2.53 

2.60 

2.30 

6.25 

2.60 

2.50 

2.60 

2.65 

3.75 

2.60 

2.48 

2.40 

2.75 

2.85 

2.65 

2.46 

2.40 

2.48 

2.60 

2.60 

2.43 

2.40 

2.40 

2.60 

2.60 

2.38 

2.40 

Oct. 


2.58 
2.50 
2.50 
2.50 
2.50 
2.75 
2.70 
2.58 
2.60 
2.58 
55 
50 
60 
,60 
60 
2.50 
250 
2.50 
2.50 
2.50 
2.50 
2.45 
2.45 


2. 

2. 
2. 
2. 
2. 


2. 
2. 
2. 
2. 


48 
45 
46 
60 
2.50 
2.50 
2.50 
2.63 


Nov. 


3.66 
2.83 
2.80 
8.10 
2.80 
2.70 
2.63 
2.60 
2.60 
2.60 
2.60 
2.68 
2.56 
2.56 
2.56 
2.65 
2.56 
2.55 
2.58 
2.56 
2.65 
2.55 
2.60 
2.63 
2.60 
60 
55 
65 
2.65 
2.66 


2. 
2. 
2. 


Dec. 


2.58 

2.68 
2.63 
2.60 
2.50 
2.60 
2.50 
2.60 
2.60' 


2. 
2. 
2. 
2. 
2. 
2. 
2. 


50 
50 
78 
76 
68 
68 
60 


2.60 
2.65 
2.60 
2.60 
2.60 
2.56 
2.60 
2.03 
2.95 
2.68 
2.53 
2.60 
2.53 
2.68 
2.60 


NORTH   ANNA   RIVER,  VIRGINIA. 

Measurements  of  North  Anna  River,  a  tributary  of  Pamunkey 
River,  were  made  in  August,  1896,  by  J.  O.  Smith  and  A.  Langstaff 
Johnston,  of  Richmond,  Virginia,  at  Mr.  Smith's  mill,  at  a  point 
about  1  mile  above  the  Hanover  County  line;  also  at  McGeehees 
Bridge,  about  3  miles  above  the  mill.  At  that  time  the  river  was  at 
its  lowest  stiage  for  the  year.  During  the  winter  the  volume  is  believed 
to  be  four  or  five  times  greater.  The  measurements  at  the  mill  gave 
an  average  area  of  148  square  feet  and  an  average  velocity  of  0.69 
foot  per  second,  the  total  discharge  being  102  second-feet.  The  meas- 
urements at  McGeehees  Bridge  showed  an  average  area  of  184  square 
feet  and  an  average  velocity  of  0.50  foot  per  second,  giving  a  discharge 
of  92  second-feet. 


NORTH  RIVER  AT   GLASGOW,  VIRGINIA. 

This  river  rises  on  the  western  slope  of  the  Shenandoah  Mountains, 
and  flows  in  a  southeasterly  direction  across  the  valley  between  the 
Shenandoah  and  Blue  Ridge  ranges,  emptying  into  James  River  about 
17  miles  south  of  Lexington,  Virginia.  Its  watershed  is  largely  under 
cultivation,  except  in  the  upper  part,  where  it  is  mountainous  and 
covered  with  forest  growth.  The  entire  drainage  area  is  mapped  on 
the  Lexington,  Monterey,  Staunton,  and  Natural  Bridge  atlas  sheets. 
This  station  was  established  at  the  East  Glasgow  County  Bridge, 
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about  1  mile  above  the  mouth  of  North  River,  by  C.  C.  Babb  and  D. 
C.  Humphreys,  on  August  21, 1895.  The  height  of  water  is  ol)served 
by  means  of  a  wire  gage,,  the  board  being  placed  on  the  guard  rail  on 
the  lower  side  of  the  bridge,  and  graduated  in  feet  and  tenths.  This 
gage  is  referred  to  a  bench  mark  at  the  top  of  the  top  chord  of  the 
bridge  over  the  gage  pulley  at  an  elevation  of  32. 24  feet.  The  distance 
from  the  end  of  the  weight  to  the  marker  of  the  gage  is  27.86  feet. 
The  measurements  of  discharge  are  made  from  the  bridge,  the  initial 
point  for  soundings  being  on  the  left  bank.  The  channel  is  straight 
for  about  200  feet  above  and  below  the  station;  the  current  rather 
sluggish,  but  with  sufficient  velocity  for  measurements.  There  is  a 
dam  on  the  North  River  10  miles  above  the  station,  but  its  influence  on 
the  flow  is  scarcely  noticeable.  The  right  bank  is  high,  but  the  left 
bank  is  subject  to  overflow  in  very  high  water.  The  bed  is  of  rock 
and  gravel,  and  fairly  permanent.  The  observer  is  B.  G.  Baldwin,  a 
merchant  of  Glasgow,  Virginia.  Results  of  measurements  may  be 
found  as  follows:  1895-96,  Eighteenth  Annual  Report,  Part  IV,  page 
38;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  162;  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  135.  The  following  discharge 
measurements  were  made  during  1899  by  D.  C.  Humphreys: 

March  90,  gage  height,  2.82  feet;  discharge,  2,039  second-feet. 
Jane  27,  gage  height,  0.95  foot;  discharge,  237  second-feet. 
Aogost  7,  gage  height,  0.92  foot,  discharge  218  second-feet. 
At  this  last  measurement  the  velocity  was  barely  sufficient  to  tarn  the  meter 
and  sarf ace  floats  indicated  that  the  discharge  should  be  somewhat  greater. 

Daily  gage  heighty  in  feet,  of  North  iiiwr  at  Glasgow,  Virginia,  for  JS99, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

1 

Dec    1 

1 

1 

2.06 

1.80 

(a) 

2.60 

1.42 

1.38 

0.90 

0.72 

0.85 

0.95 

2.50 

O-ra 

2 

2.10 

1.72 

h) 

2.43 

1.42 

1.48 

.80 

.72 

.82 

.90 

1.50 

.  to    1 

8 

2.00 

1.80 

(a) 

2.35 

1.43 

1.40 

.82 

.7^ 

.82 

.85 

1.35 

.78    1 

4 

2.80 

2.30 

13.05 

2.20 

1.42 

1.30 

.80 

.76 

.82 

.85 

1.25 

.76 

6 

2.52 

52.80 

2.15 

1.42 

1.25 

.80 

.76 

.80 

.85 

1.20 

.76 

6 

4.01 

8.30 

(a) 

2.10 

1.48 

1.21 

.78 

.75 

.71 

.86 

1.10 

.78 

7 

7.00 

3.16 

U) 

2.10 

1.52 

1.15 

.80 

.90 

.71 

.84 

1.05 

.75    1 

8 

66.88 

2.80 

(a) 

2.80 

1.62 

1.12 

.80 

.80 

.70 

.87 

1.00 

.78    1 

9.... 

3.75 

2.80 

(a) 
(a) 

2.56 

3.75 

1.10 

.80 

.ra 

1.10 

.  Ho 

.95 

.78    ' 

10 

3.80- 

2.80 

2.42 

2.85 

1.10 

.95 

.73 

1.00 

.90 

.93 

.75    1 

11 

2.95 

2.28 

(a) 

2.86 

2.46 

1.08 

.88 

.72 

.90 

.83 

.92 

.  73    1 

12 

2.60 

62.27 

(a) 

2.80 

1.85 

1.80 

.80 

.72 

1.00 

.82 

.99 

1.35 

18 

2.45 

2.26 

(a) 

2.22 

2.30 

1.40 

.80 

.73 

.95 

.80 

.92 

2.10    1 

14 

2.45 

2.25 

(a) 

2.12 

2.25 

1.30 

.80 

.77 

.90 

.75 

.84 

1.85 

16 

2.38 

2.25 

fa) 

2.10 

2.15 

1.20 

.80 

1.92 

.80 

.70 

.80 

1.50 

16 

2.35 

2.26 

(a) 

2.00 

2.00 

1.20 

.80 

1.10 

.75 

.65 

.80 

1.42    1 

17 

2.28 

2.80 

(a) 

1.94 

1.90 

1.18 

.80 

.88 

.73 

.68 

.83 

l.S 

18 

2.25 

2.45 

(a) 
(a) 

1.90 

1.80 

1.10 

.80 

.80 

.72 

.68 

.80 

1-12 

19 

2.20 

2.75 

1.82 

1.80 

1.02 

.75 

.72 

.78 

.70 

.65 

1.15 

20 

2.10 

8.30 

(a) 

1.80 

1.62 

1.00 

.72 

.72 

2.62 

.70 

.80 

1.08 

21 

2.05 

4.80 

(a) 

1.77 

1.68 

.95 

.72 

.72 

1.32 

.72 

.79 

1.05 

22 

2.02 

6.85 

(a) 

1.72 

1.65 

.92 

.72 

.70 

1.22 

.70 

.78 

1.00 

28 

2.00 

5.45 

fa^ 

1.68 

1.62 

.90 

.70 

.70 

1.16 

.73 

.78 

1.10 

24 

1.90 

6.35 

'.<*) 

1.66 

1.46 

.90 

.70 

.68 

1.00 

.78 

.74 

1-13 

25 

2.00 

6.15 

(a) 

1.62 

1.38 

.95 

.71 

.62 

1.00 

.72 

.74 

1.30 

28 

2.05 

1.65 

1.30 

1.00 

.72 

.62 

.96 

.72 

.72 

1.90    ' 

27 

2.00 

6.16 

1.62 

1.28 

.95 

.75 

61.00 

1.10 

.?i 

.70 

1-10 

28 

2.00 

(a) 

1.60 

1.25 

.96 

.76 

1.62 

1.08 

.72 

.65 

1.15 

29 

1.95 

h 

1.53 

1.22 

1.00 

.74 

1.35 

1.00 

.71 

.70 

i.ao 

80 

1.90 

1.48 

1.48 

.97 

.72 

1.02 

.98 

.70 

.75 

1.21 

31 

1.86 

2.72 

1.46 

.72 

.92 

.86 

1.00 

a  No  observations. 


6  Interpolated. 
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JAMES  RIVER  AT  BUCHANAN,  VIRGINIA. 

This  river  rises  in  the  Allegheny  Mountains,  on  the  western  border 
of  Virginia,  and  flows  in  an  easterly  direction  across  the  State  into 
Chesapeake  Bay.  The  upper  part,  of  its  drainage  area  is  mountainous 
and  largely  covered  with  forests,  while  in  the  eastern  part  of  the  State 
the  river  flows  through  a  flat  and  cultivated  area.  Measurements  of 
flow  are  made  at  Buchanan,  in  Botetourt  County,  and  at  Cartersville, 
50  miles  above  Richmond.  The  station  at  Buchanan  was  established 
by  C.  C.  Babb  and  D.  C.  Humphreys,  August  18,  1895.  It  is  about 
20  miles  above  the  mouth  of  North  River  and  one-half  mile  above  the 
mouth  of  Purgatory  Creek,  as  shown  on  the  Natural  Bridge  topo- 
graphic atlas  sheet.  The  area  as  far  as  this  point  is  mapped  on  the 
Natural  Bridge,  Staunton,  Monterey,  Lewisburg,  Dublin,  Christians- 
burg,  and  Roanoke  sheets.  The  United  States  Weather  Bureau  had 
maintained  a  gage  here  for  about  two  years  before  measurements  were 
made  by  the  Geological  Survey.  The  wii'e  gage  is  suspended  from 
the  steel  highway  bridge  which  crosses  the  river  on  two  spans.  On 
April  3,  1897,  the  zero  of  this  gage  was  lowered  2  feet  to  avoid  nega- 
tive readings.  The  gage  is  referred  to  a  scale  divided  into  feet  and 
tenths,  and  to  two  bench  marks.  First,  the  top  of  the  upper  end  of 
the  third  floor  beam  from  left  bank  is  30.00  feet  above  the  zero  of  the 
gage.  Second,  the  top  of  a  stone  post  under  the  southwest  corner  of 
the  porch  of  the  Chesapeake  and  Ohio  Railroad  passenger  station 
is  24.68  feet  above  zero  of  gage.  A  third  bench  mark  is  on  a  perma- 
nent ledge  of  rock  on  the  left  bank  about  500  feet  above  the  bridge, 
and  at  an  elevation  of  17.48  feet  above  the  zero  of  the  gage.  The 
initial  point  of  soundings  is  on  the  left  bank,  upper  side  of  the  bridge, 
marked  with  the  end  pin  of  the  truss.  The  channel  is  straight,  the 
flow  fairly  swift,  and  without  obstructions.  The  bed  is  rocky;  banks 
high  and  not  subject  to  overflow.  The  observer  is  U.  H.  Hyde,  a 
telegraph  operator  for  the  Chesapeake  and  Ohio  Railroad,  at  Buch- 
anan, Virginia.  The  results  of  measurement  may  be  found  as  fol- 
lows: 1895-96,  Eighteenth  Annual  Report,  Part  IV,  page  41;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  172;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  136.  During  1899  three  measurements 
of  discharge  were  made  bj'^  D.  C.  Humphreys;  the  first  on  March  30, 
at  a  gage  height  of  5.54  feet,  gave  a  discharge  6,804  second-feet;  the 
second  on  July  6,  at  a  gage  height  of  2.06  feet,  gave  a  discharge  558 
second-feet,  and  the  third  on  August  11,  at  a  gage  height  of  1.80 
feet,  gave  a  discharge  of  364  second-feet. 
IRR  35—7 
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OPERATIONS   AT   RIVER   STATIONS,    1899. — PART  I.         [ko  a 


Daily  gage  height,  in  feet,  of  James  River  at  Bttchanan,  VirginiOjfor  1899. 


Day. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept 

Oct. 

Not. 

Dec. 

1 

3.45 

8.10 

7.46 

4.75 

3.80 

3.00 

8.00 

1.90 

1.90 

1.90 

1.80 

1 
1.80    I 

2 

3.55 

8.00 

6.66 

4. 40 

3.80 

8.70 

2.10 

1.90 

1.90 

1.90 

1.90 

1.80   1 

8 

3.40 

3.00 

6.40 

4.30 

8.80 

3.60 

2.10 

1.80 

1.90 

1.90 

2.10 

1.80   1 

4 

3.40 

8.40 

11.20 

4.20 

8.80 

8.60 

2.00 

1.80 

2.00 

1.90 

2.80 

1.80 

5 

3.05 

4.90 

19.05 

4.10 

3.70 

8.60 

2.00 

1.80 

2.10 

1.90 

2.20 

1.80   ' 

6 

5.95 

6.80 

13.66 

4.10 

3.70 

3.50 

2.05 

1.80 

2.00 

1.80 

2.20 

1.8IJ   1 

1 

10.25 

8.40 

8.15 

4.00 

4.05 

3.40 

2.12 

1.80 

1.90 

1.80 

2.10 

1.80   1 

8 

7.70 

7.30 

6.70 

5.00 

6.85 

3.80 

2.35 

1.90 

1.80 

1.80 

2.10 

!    1.80 

9 

5.95 

6.80 

6.90 

6.75 

7.70 

3.30 

2.35 

1.90 

2.00 

1.80 

2.10 

,    1.80 

10 

5.20 

4.50 

6.55 

5.40 

6.65 

3.30 

2.15 

1.90 

2.10 

1.80 

2.00 

1    1.80 

11 

4.60 

4.05 

5.85 

5.00 

5.85 

8.80 

2.00 

1.90 

2.20 

1.80 

2.00 

1    1.80   1 

12 

4.20 

4.00 

5.15 

4.85 

5.65 

3.30 

2.00 

1.90 

2.10 

1.80 

1.90 

2.30   1 

J3 

4.00 

4.00 

4.95 

4.70 

5.60 

4.45 

2.00 

1.90 

2.10 

1.80 

1.90 

3.50    1 

14 

3.85 

3.95 

4.65 

4.00 

6.20 

4.60 

2.00 

2.00 

2.00 

1.80 

1.90 

3.05 

15 

4.15 

8.50 

4.76 

4.45 

6.70 

4.26 

1.90 

2.60 

2.00 

1.80 

1.90 

2.95 

16 

4.30 

3.00 

5.55 

4.45 

5.20 

8.95 

1.90 

2.45 

1.90 

1.80 

1.90 

1    2.60    ' 

17 

4.20 

8.75 

5.30 

4.80 

4.85 

8.70 

1.90 

2.20 

1.90 

1.80 

1.80 

2.45    1 

18 

4.20 

4.15 

5.06 

4.05 

4.65 

3.55 

1.90 

2.00 

1.80 

1.80 

1.80 

2.30 

19 

4.05 

4.85 

7.15 

4.00 

4.60 

3.40 

1.90 

1.90 

2.45 

1.80 

1.80 

1    2.20 

30 

3  75 

5.70 

7.80 

8.90 

4.85 

8.30 

1.90 

1.90 

3.00 

1.80 

1.80 

'    2.30 

21 

3.00 

8.20 

6.85 

8.90 

4.05 

8.20 

1.90 

1.80 

3.40 

1.70 

1.80 

2.10   1 

ffv  V.  .  .  •  • 

3.50 

10.20 

5.65 

3.80 

4.00 

3.10 

1.80 

1.80 

2.65 

1.70 

1.80 

I    2.10   1 

23 

3.50 

9.36 

6.20 

3.80 

3.90 

8.10 

l.HO 

1.80 

2.35 

1.70 

1.80 

2.10 

24 

3.40 

7.35 

4.80 

8.70 

8.90 

8.00 

1.80 

1.80 

2.20 

1.70 

1.80 

1    2.10 

25 

3.40 

6.15 

4.55 

8.70 

8.90 

8.15 

1.80 

1.80 

2.10 

1.70 

1.80 

'    2.10 

26 

3.60 

5.40 

4.25 

8.85 

3.80 

8.10 

1.80 

1.80 

2.10 

1.70 

1.80 

2.25 

27 

3.50 

8.90 

4.10 

4.80 

3.60 

8.05 

1.90 

1.90 

2.00 

1.70 

1.80 

1    2.30 

28 

3.40 

9.65 

4.00 

4.00 

3.60 

3.30 

1.90 

1.80 

2.(0 

1.70 

1.80 

1    2.20 

29..... 

3.30 

4.80 

4.00 

8.50 

3.20 

2.00 

2.00 

2.00 

1.70 

1.80 

1    2.30 

30 

3.20 

5.55 

8.90 

3.60 

3.10 

2.00 

1.90 

1.90 

1.70 

1.80 

i    2.30 

31 

3.10 

-—•••• - 

6.75 

8.60 

1.90 

1.90 

1.70 

1    2.2D 

JAMES  RIVER  AT  CARTERSVILLE,  VIRGINIA. 

Observations  of  the  height  of  James  River  are  made  by  the  Weather 
Bureau  at  Lynchburg,  Virginia,  48  miles  below  Buchanan  and  about 
100  miles  above  Cartersville.  The  drainage  area  is  given  as  3,700 
square  miles.  The  gage  is  on  the  first  pier  of  the  Amherst  bridge,  at 
the  foot  of  Ninth  street,  on  the  side  facing  Ljiichburg,  about  100 
feet  from  the  shore.  The  elevation  is  494.7  feet  above  mean  sea 
level.  The  highest  water  was  about  27  feet  on  September  30,  1870, 
and  the  lowest  — 0.3  foot  on  September  12-15,  1895. 

Gages  were  established  on  James  River  in  1893  by  Mr.  F.  B.  Isaacs, 
engineer  for  water  power  of  the  Chesapeake  and  Ohio  Railway  Com- 
pany, at  Ninemile  Locks,  Columbia,  Scotts\'ille,  Ljmchburg,  Balcony 
Falls,  Buchanan,  Eagle  Mountain,  and  Clifton  Forge.  Records  of 
heights  of  water  at  these  points  were  made  twice  daily  from  1893  to 
1897,  and  freshet  reports  were  obtained  for  these  years.  The  gages 
were  not  refeiTcd  to  any  fixed  datum,  but  the  zero  of  each  gage  was 
set  at  what  was  considered  ordinary  low  water  in  the  river.  During 
the  latter  part  of  1899  records  have  been  resumed,  excepting  at 
Scottsville,  Balcony  Falls,  and  Eagle  Mountain,  where  the  gages  have 
been  abandoned. 

At  Bosher's  dam,  9  miles  above  Richmond,  is  a  gage  where  the  height 
of  water  is  recorded  twice  daily,  showing  the  supposed  head  on  the  crest 
of  dam.  This  crest,  however,  is  so  irregular  that  the  coefficient  of  dis- 
charge has  not  been  ascertained.  Another  complication  exists  in  the 
fact  that  water  is  deflected  into  a  canal,  the  quantity  not  being  known. 
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Observations  are  maintained  by  the  Weather  Bureau  at  Richmond, 
Virginia,  the  gage  being  at  the  foot  of  Virginia  street,  near  Four- 
teenth, immediatelv  east  of  the  Richmond  and  Danville  Railroad 
bridge.  It  is  a  standard  brass  "Weather  Bureau  gage  embedded  in 
the  cement  buttress.     The  elevation  of  the  zero  is  2.8  feet. 

A  gaging  station  was  established  January  1,  1899,  by  Prof.  D.  C. 
Humphreys,  and  is  located  at  the  highway  bridge  crossing  the  James  at 
Cartersville,  on  »ialf  mile  from  railroad  station  and  50  miles  above 
Richmond,  Virginia.  The  drainage  area  is  mapped  on  the  following 
atlas  sheets:  Goochland,  Farmville,  Palmyra,  Gordonsville,  Harrison- 
burg, Buckingham,  Lexington,  Lynchburg,  Appomatox,  Natural 
Bridge,  Lewisburg,  Christiansburg,  Roanoke,  Staunton,  Monterey,  and 
Dublin.  The  wire  gage  is  attached  to  a  horizontal  gage  rod  fastened  to 
the  bridge  and  is  referred  to  a  bench  mark,  the  top  of  the  lower  end 
of  the  fourth  floor  beam  from  the  right  bank,  which  is  32.04  feet  above 
the  zero  of  the  gage.  The  gage  was  verified  June  23,  1899.  The  chan- 
nel is  straight  for  one-third  of  a  mile  above  and  1  mile  below  the 
station,  the  current  fairly  swift,  and  the  bottom  somewhat  sandy  and 
shifting.  The  banks  are  high  and  not  subject  to  overflow  except  in 
extreme  high  water.  The  observer  is  Julien  I.  Palmore,  clerk  in  a  store 
at  Cartersville,  Virginia.  The  following"  measurements  were  made 
hy  Prof.  D.  C.  Humphrej^s  and  F.  H.  Anschutz.  Prior  to  1899  two 
measurements  were  made,  which  have  not  previously  been  published: 

September  8, 1897,  gage  height,  0.43  foot;  discharge,  603  second-feet. 
July  16, 1898,  gage  height,  1.04  feet;  discharge,  1,323  second-feet. 
January  8, 1899,  gage  height,  8.82  feet;  discharge,  7,156  second-feet. 
Jnne  28, 1899,  gage  height,  1.46  feet:  discharge,  2,686  second-feet. 

Daily  gctge  height,  in  feet,  of  Javies  River  at  Cartersville,  Virginia,  for  1899. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

». 

9. 
10. 
11. 
13- 
13. 
IL 
l>- 
li. 

ir. 
n. 

19. 

:» 

27. 
28. 

29 

.Tl). 

31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4.40 

8.30, 

13.90 

6.05 

3.00 

2.30 

1.53 

1.30 

1.40 

1.80 

4.97 

1.2D 

4.40 

8.25 

10.85 

5.62 

2.85 

2.20 

1.35 

1.10 

1.32 

1.16 

4.16 

1.20 

3.70 

3.20 

8.80 

5.15 

2.80 

2.70 

1.25 

1.00 

2.90 

1.10 

3.60 

1.20 

4.00 

4.30 

9.40 

4.65 

3.05 

2.40 

1.12 

.90 

1.44 

1.10 

6.30 

1.20 

4.00 

5.^ 

20. :» 

4.60 

2.80 

2.27 

1.22 

.85 

1.36 

1.10 

8.30 

1.20 

8.20 

7.50 

24.70 

4.25 

2.80 

2.10 

1.25 

2.30 

1.15 

1.05 

2.80 

1.20 

19.50 

8.t-0 

19.25 

4.15 

8.65 

2.05 

1.80 

2.00 

1.15 

1.00 

2.50 

1.20 

15.40 

10.50 

13.17 

9.55 

4.50 

1.97 

1.47 

1.45 

1.30 

1.80 

2.20 

1.15 

11.74 

8.75 

10.40 

8.50 

5.00 

1.75 

1.20 

1.35 

1.60 

2.00 

1.95 

1.10 

9.00 

6.40 

10.90 

8.15 

6.20 

1.80 

1.15 

1.10 

1.44 

2.05 

1.86 

1.00 

7.06 

6.10 

8.60 

7.12 

6.50 

2.00 

1.06 

1.00 

1,27 

1.50 

1.60 

1.00 

5.98 

5.10 

7.30 

6.15 

7.30 

2.30 

1.24 

1.20 

1.20 

1.40 

1.60 

1.10 

5.40 

5.10 

7.10 

4.90 

5.05 

3.10 

1.09 

1.19 

1.30 

1.30 

1.46 

3.15 

6.17 

5.10 

6.90 

4.70 

6.65 

8.45 

1.02 

1.09 

1.31 

1.20 

1.76 

2.80 

5.17 

ft.  00 

8.12 

4.50 

5.15 

3.40 

1.00 

1.10 

1.13 

1.10 

1.50 

3.10 

4.70 

7. 75 

10.65 

4.15 

5.15 

3.47 

1.07 

2.64 

1.05 

1.10 

1.30 

2.90 

5.47 

14.00 

8.30 

4.07 

4.45 

8.00 

1.00 

2.12 

1.00 

1.00 

1.30 

2.80 

5.15 

9.75 

8.05 

8.95 

8.90 

2.10 

1.04 

1.40 

.92 

1.20 

1.25 

2.40 

4.73 

10.55 

17.33 

3.75 

3.65 

2.00 

1.15 

1.30 

.85 

1.10 

1.25 

1.80 

4.50 

lU.55 

18.32 

3.60 

3.40 

1.78 

1.05 

1.15 

3.40 

1.00 

1.25 

1.80 

4.20 

14.00 

12.8:3 

3.55 

3.17 

1.70 

.88 

.97 

6.40 

.98 

1.25 

1.60 

4.(» 

16. 10 

8.80 

3.47 

2.86 

1.50 

.82 

.80 

8.40 

.97 

1.26 

1.50 

3.85 

16.30 

8.00 

3.32 

2.80 

1.48 

.80 

.80 

2.65 

.98 

1.25 

1.46 

3.75 

13. 75 

7.60 

3.17 

2.70 

1.40 

.77 

.82 

2.10 

1.00 

1.25 

1.60 

4.30 

11.00 

6.r>5 

3.08 

2.60 

1.40 

.70 

.76 

1.30 

1.00 

1.25 

1.80 

4.10 

8.65 

6.15 

3.05 

2.45 

1.70 

.80 

.66 

3.60 

.98 

1.25 

2.00 

3.80 

10.90 

5.85 

3.20 

2.45 

2.10 

2.23 

7.00 

2.a5 

.97 

1.20 

2.10 

3.75 

12.30 

5.25 

3.25 

2.15 

1.60 

2.30 

6.45 

1.70 

.97 

1.20 

2.00 

3.55 

6.35 

3.30 

2.05 

1.40 

1.IJ3 

3.50 

1.40 

.97 

1.20 

1.80 

3.50 

0.15 

3.10 

2.20 

1.80 

1.40 

2.70 

1.30 

.97 

1.20 

1.75 

3.42 

6.55 

2.25 

1.70 

1.84 

.97 

1.65 

Note. — Data  concerning  other  rivers  ai'e  irfven  in  succeedingpapers 
of  this  series,  beginning  on  page  107  of  Water-Supply  Paper  No  30. 
By  the  law  approved  June  11,  1896  (Stat.  L.,  vol.  29,  p.  453),  the 
reports  of  this  series  are  limited  to  100  pages  each.  It  is  therefore 
necessary  to  arbitrarily  subdivide  this  report  on  operations  at  river 
stations. 
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MKA8URTGMENTS  AT  RIVER  STATIONS.' 

ROANOKB  RIVER  AT  ROANOKE,  VIRGINIA. 

This  river  rises  in  Montgomery  County,  Virginia.  Its  headwaters 
are  near  those  of  New  River  on  the  west.  This  stream  lower  down 
is  known  as  Sta-unton  River,  and  joins  the  Dan  at  Danville  to  form 
the  main  lower  Roanoke  River.  There  are  a  number  of  fine  water 
powers  along  its  length,  described  more  fully  in  the  Nineteenth 
Annual  Report,  Part  IV,  page  176.  The  drainage  area  is  mapped  on 
the  Roanoke  and  Christiansburg  sheets.  The  gaging  station  was 
established  by  Prof.  D.  C.  Humphreys  July  10,  1896,  and  is  located 
on  the  edge  of  the  town  of  Roanoke,  Virginia,  on  the  Walnut  street 
car  line.  The  gage  is  of  wire,  with  the  rod  fastened  to  the  floor  of 
the  bridge.  The  top  of  the  lower  end  of  the  first  floor  beam  is  21.99 
feet  above  gage  datum.  The  length  of  gage  wire  is  24.39  feet.  The 
right  bank  is  above  high  water,  but  the  left  is  liable  to  overflow  in 
extreme  high  stages.  The  channel  is  nearly  straight  and  the  current 
good.  The  results  of  discharge  measurements  may  be  found  as  fol- 
lows: 1896,  Eighteenth  Annual  Report,  Part  IV,  page  42;  1897-98, 
Twentieth  Annual  Report,  Part  IV,  page  140.  The  following  meas- 
urements were  made  during  1899  by  D.  C.  Humphreys:  The  first,  on 
May  29,  at  a  gage  height  of  2.51  feet,  gave  a  discharge  of  1,123  second- 
feet;  the  second  one,  on  June  27,  at  a  gage  height  of  1.32  feet,  gave 
a  discharge  of  290  second-feet;  the  third,  on  August  7,  at  a  gage  height 
of  0.88  foot,  gave  a  discharge  of  135  second-feet. 


'  0>ntinued  from  Water-Supply  and  Irrigation  Paper  No.  35. 
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Daily  gaffe  height,  in  feet,  of  Roanoke  River  at  Roanoke^  Virginia,  for  1899, 


Day. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
lU 
SO 
21 
22 
23 
21 
25 
26 
27 
28 
20 
30 
31 


1.80 
1.80 
1.75 
2.00 
UW 
a  18 
5.85 
3.65 
2.90 
2.40 
2.50 
2.40 
2.30 
2.80 
2.70 
^.65 
2.45 
2.80 
2.20 
15 
10 
.07 
05 
60 
25 


Feb. 


2. 

2. 
2. 
2. 
2. 
2. 
2. 


15 


2.10 

2.05 

a2.10 

e(2.20 

2.25 


2.25 
2.20 
2.05 
8.10 
8.50 
8.75 
4.08 
3.90 
3.85 
8.00 
8.50 
2.45 
2.25 
a2. 22 
2.20 
2.20 
8.55 
8.25 
8.50 
8.96 
4.60 
4.40 
8.75 
8.25 
2.90 
2.70 
6.00 
8.65 


Mar. 


Apr.    May. 


8. 
2. 
2. 
6. 


20 
95 
85 
16 
8.16 
4.70 
8.68 
8.10 
8.00 
2.80 
2.70 
a  8. 10 
a8.60 
3.90 
4.75 
4.26 
3.70 
8.46 
7.10 
4.90 
8.90 
8.66 
3.86 
3.15 
8.00 
2.36 
2.40 
2.46 
2.80 
2.16 
2.10 


2.00 
1.88 
1.79 
1.76 
1.78 
1.07 
1.62 
2.10 
1.90 
1.80 
1.75 
1.70 
1.66 
1.63 
1.60 
1.66 
1.62 
1.47 
1.46 
1.40 
1.40 
1.87 
1.86 
1.34 
1.38 
1.75 
1.70 
1.60 
1.60 
1.48 


1.48 
1.40 
1.89 
1.85 
1.32 
1.82 
1.41 
1.80 
2.08 
1.85 
1.76 
1.70 
1.82 
1.86 
1.76 
1.66 
1.67 
1.46 
1.40 
1.81 
1.28 
1.25 
1.36 
1.27 
1.20 
1.16 
1.15 
1.18 
1.10 
1.20 
1.18 


June. 


1.16 
1.80 
1.18 
1.06 
1.00 
.96 
.97 
.95 
.90 
.95 
1.00 
1.76 
2.26 
1.90 
1.66 
1.46 
1.80 
1.18 
1.15 
1.10 
1.08 
1.06 
1.00 
1.00 
1.10 
2.16 
1.46 
1.16 
1.06 
1.00 


Jnly. 


1.00 

1.06 

1.03 

1.00 

1.00 

1.00 

1.06 

.96 

.93 

.90 

.85 

.82 

.80 

.80 

.96 

.83 

.76 

1.05 

.90 

.86 

.82 

.78 

.80 

.86 

.90 

.86 

1.16 

l.OO 

.86 

.82 

1.06 


Aug. 


0.90 
.80 
.80 
.TO 
.70 
.80 
.90 
.86 
.86 
.86 
.76 
.76 
.96 

1.00 

1.00 
.96 
.90 
.80 
.75 
.72 
.70 
.67 
.66 
.68 
.60 
.66 
.76 
.86 

1.00 
.86 
.80 


Sept. 


0.75 
.86 
1.00 
.86 
.75 
.75 
.70 
.66 
.70 
.66 
.60 
.57 
.TO 
.66 
.66 
.66 
.66 
.66 
1.46 
2.05 
1.25 
1.00 
.86 
.80 
.80 
.75 
.85 
.75 
.70 
.66 


Oct. 


0.65 
.65 
.65 
.66 
.65 
.63 
.60 
.86 
.90 
.80 
.85 
.80 
.75 
.70 
.70 
.80 
.77 
.75 
.73 
.70 
.70 
.68 
.68 
.66 
.68 
.66 
.66 
.65 
.66 
.73 
.80 


Nov. 


1.20 

1.17 

1.25 

1.30 

1.10 

1.05 

1.00 

.95 

.90 

.85 

.83 

.-w 

.80 
.80 
.80 
.78 
.7S 
.75 
.76 
.73 
.78 
.TO 
.75 
.75 
.75 
.73 
.78 
.75 
1.00 
.86 


Dec. 


0.80 
.80 
.75 
.75 

•5 

.77 

.80 

.78 

.75 

.75 

l.SO 

1.55 

1.80 

1.15 

1.05 

.95 

.90 

.90 

.90 

.88 

.SS 

.80 

1.10 

1.05 

.95 

.90 

1.25 

i.aa 

1.45 
1.00 


J 


a  Interpolated. 

Main  Roanoke  River  is  formed  by  the  junction  of  Dan  and  Staun- 
ton rivers  at  Clarksville,  Virginia,  and  flows  southerly,  entering  Albe- 
marle Sound.  The  United  States  Weather  Bureau  has  a  station  on 
Dan  River  at  Danville,  Virginia,  55  miles  above  the  mouth  of  Staun- 
ton River.  The  gage  is  of  timber,  and  is  attached  to  the  first  pier  of 
the  iix)n  bridge,  between  North  and  South  Danville.  The  highest 
water  was  13.0,  on  September  13,  1893;  lowest,  0.02, on  January  26, 
1894.  The  danger  line  is  at  8  feet.  The  drainagearea  above  the  station 
is  1,900  square  miles,  according  to  the  United  States  Weather  Bureau. 

A  second  gaging  station  is  maintained  by  the  United  States  Weather 
Bureau  on  Roanoke  River  at  Clarksville,  Virginia,  66  miles  above 
Weldon,  North  Carolina.  The  river  gage  is  on  the  south  side  of  the 
river,  attached  to  a  tree  leaning  over  the  water.  The  highest  recorded 
water  was  13.5  feet,  on  September  14,  1893,  and  the  lowest — 0.2  foot, 
on  July  19,  1894.  It  is  reported  that  on  November  27,  1877,  a  height 
of  27  feet  was  reached.  The  danger  line  is  at  12  feet.  The  drainage 
area  above  the  station  is  6,900  square  miles,  according  to  the  United 
States  Weather  Bureau. 

The  third  station  maintained  by  the  Weather  Bureau  on  this  river 
is  erected  at  Weldon,  North  Carolina,  30  miles  above  Neal  and  90 
miles  above  Albemarle  Sound.  The  river  gage  is  located  below  the 
Atlantic  Coast  Line  Railroad  bridge,  on  the  south  side  of  the  river. 
The  gage  is  of  white  pine  and  is  made  of  three  sections,  the  lowest 
section,  4  feet  to  17  feet,  is  of  detached  pieces  fastened  to  trees  w^hich 
lean  over  the  river;  the  second  section,  17  feet  to  47  feet,  is  att^iched 
to  the  fore  bay  of  the  Roanoke  mills;  above  47  feet  the  gage  is  painted 
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on  the  mill  building.  The  zero  of  the  gage  is  4  feet  below  a  large 
rock,  known  as  "Big  Cuba."  It  is  31  feet  below  the  railroad  crossing. 
The  highest  recorded  water  is  46.8  feet,  on  November  26,  1877;  the 
lowest,  —0.3,  on  August  21, 1893.  The  danger  line  is  at  27  feet.  The 
drainage  area  above  Weldon,  according  to  the  United  States  Weather 
Bureau,  is  8,180  square  miles. 

P.OANOKB  RIVER  AT  NBAL,  NORTH  CAROLINA. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  47,  was  established  July  27,  1896,  and  is  on  the  Norfolk  and 
Carolina  Railroad  bridge,  near  Neal,  North  Carolina.  The  bench 
marks  for  the  gage  rod  are  described  in  Water-Supply  Paper  No.  15, 
page  28.  The  length  of  the  gage  wire  is  44.66  feet.  The  section  is  a 
fairly  good  one,  the  course  of  the  river  being  straight  for  some  dis- 
tance above  and  below  the  station  and  the  bottom  smooth.  Being 
muddy,  however,  the  bed  is  apt  to  cut  out  in  seasons  of  high  water 
and  both  banks  are  subject  to  overflow.  The  observer  is  the  bridge 
watchman,  Mr.  W.  M.  Adams,  of  Neal,  North  Carolina.  Records  of 
measurement  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  48;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  181;  1898,  Twentieth  Annual  Report,  Part  IV,  page  142.  The 
measurements  made  by  E.  W.  Myers  during  1899  are  as  follows: 

February  5,  gage  height,  20.80  feet;  discharge,  23,998  second-feet. 
May  25,  gage  height,  6.41  feet;  discharge,  6,045  second-feet. 
Jane  7,  gage  height,  6.45  feet;  discharge,  6,110  second- feet. 
October  12,  gage  height,  8.60  feet;  discharge,  7,973  second-feet. 
November  28,  gage  height,  4.18  feet;  discharge,  4,439  second-feet. 

Daily  gage  height^  infest^  of  Roanoke  River  at  Needy  North  Carolina^  for  1899, 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

vsi 

13 

14 

16 

Id 

17 

18 

19 

20 

21  .... 

28 

28  .... 

24 

26 

26 

27 

28 


31... 


Jan. 


7.40 
7.00 
10.60 
14.20 
13.10 
11.35 
10.80 
17.26 
23.25 
25.50 
27.75 
2H.80 
24.56 
22.25 
21.80 
21.00 
19.06 
18.00 
16.90 
15. 8U 
14.40 
18.20 
12.20 
11.30 
10.80 
10.30 
10.10 
9.90 
8.70 
8.20 
8.60 


Feb. 


9.10 
10.20 
10.70 
11.00 
20.75 
22.35 
28.96 
26.56 
26.80 
27.06 
26.40 
24.60 
21.30 
17.60 
14.30 
12.60 
12.90 
19.60 
19.60 
24.70 
26.80 
27.26 
20.90 
26.80 
25.20 
23.00 
22.00 
21.80 


Mar. 


22.80 
28.40 
22.80 
21.80 
22.70 
24.00 
25.25 
20.08 
26.10 
26.10 
28.20 
21.20 
19.20 
17.00 
17.70 
28.80 
28.80 
26.70 
26.80 
26.10 
86.10 
27.80 
30.00 
29.35 
27.40 
26.60 
2S.80 
80.70 
19.00 
20.10 
21.00 


Apr. 


20.00 
19.10 
17.40 
16.00 
16.20 
14.90 
15.00 
17.70 
21.40 
28.00 
28.00 
28.30 
20.20 
18.30 
16.80 
16.40 
14.30 
18.40 
12.00 
11.90 
11.40 
10.60 
10.00 
9.70 
9.40 
9.10 
9.40 
11.80 
12.30 
11.00 


May. 


10.50 

9.60 

9.00 

9.10 

9.00 

8.80 

8.70 

8.00 

8.70 

8.90 

10.80 

11.30 

18.00 

12.00 

11.90 

11.40 

10.40 

9.20 

8.10 

7.60 

7.10 

6.90 

6.00 

6.30 

6.40 

6.90 

7.00 

6.40 

6.90 

5.00 

5.90 


June. 


8.10 

10.80 

12.20 

12.00 

10.60 

8.30 

6.50 

6.40 

4.90 

4.00 

5.00 

8.10 

17.80 

21.60 

22.40 

22.40 

21.00 

18.10 

15.20 

12.40 

10.20 

8.00 

7.30 

6.30 

6.80 

4.80 

4.40 

4.30 

6.30 

6.70 


July. 


8.40 
7.20 
5.70 
4.70 
4.80 
4.20 
4.00 
7.10 
11.10 
11.20 
9.80 
7.50 
6.60 
4.20 
3.60 
3.20 
3.10 
3.30 
8.40 
4.20 
4.60 
4.80 
8.90 
8.80 
4.70 
4.80 
7.20 
7.30 
11.80 
11.90 
9.60 


Ang. 


7.80 
6.60 
5.90 
5.10 
8.80 
8.50 
8.00 
4.20 
5.60 
6.70 
6.20 
5.00 
6.40 
7.80 
5.40 
4.60 
6.60 
10.90 
9.20 
7.20 
5.40 
4.80 
3.30 
2.80 
2.40 
2.10 
1.80 
1.00 
1.70 
13.70 
12.90 


Sept 


11.00 
8.20 
5.70 
4.10 
8.90 
5.70 
5.00 
4.00 
3.10 
8.70 
3.70 
5.80 
6.00 
5.60 
4.30 
8.40 
2.90 
2.40 
2.10 
2.00 
2.00 
11.25 
14.00 
10.00 
7.66 
6.40 
4.70 
4.90 
5.10 
4.00 


Oct. 


8.00 
8.00 
2.70 
2.60 
2.80 
2.80 
5.30 
6.90 
7.80 
9.10 
9.90 
8.70 
6.90 
5.60 
4.60 
3.90 
8.00 
3.45 
8.30 
3.25 
3.00 
8.20 
2.90 
2.80 
2.70 
2.00 
2.00 
2.60 
2.70 
2.70 
3.00 


Nov.- 


4.30 
10.50 
12.30 
12.00 
18.40 
14.15 
12.10 
9.60 
7.00 
6.30 
5.60 
5.10 
4.00 
4.30 
4.10 
4.00 
3.90 
8.80 
3.70 
8.00 
8.60 
3.40 
3.35 
3.35 
8.00 
8.80 
4.00 
4.10 
8.80 
3.70 


Dec, 


4.00 
4.20 
4.80 
4.20 
4.10 
3.95 
3.80 
3.60 
3.30 
3.20 
3.10 
3.20 
3.60 
7.00 
11.60 
11.60 
9.20 
7.20 
6.00 
5.10 
4.70 
4.40 
4.8U 
4.45 
6.40 
8.40 
8.00 
8.10 
6.80 
5.00 
3.60 


no 
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TAR  RIVER  AT  TARBORO,   NORTH  CAROLINA. 

Tar  River  rises  in  the  north-central  part  of  North  Carolina  and  flovs 
in  a  southeasterly  direction  into  Pamlico  River.  It  crosses  the  fall 
line  at  Rocky  Mount,  North  Carolina,  where  is  located  the  principal 
power  on  the  river.  The  fall  below  this  point  is  from  1  to  1^  feet  per 
mile.  The  fall  above  this  point  is  about  2  feet  per  mile,  concentrated 
at  a  number  of  points  where  small  powers  can  be  developed.  The 
drainage  basin  is  largely  covered  with  forest.  The  stream  is  subject 
to  violent  freshets  and  periods  of  very  low  flow.  The  gaging  station, 
as  described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  50,  is  on 
the  Atlantic  Coast  Line  bridge,  crossing  the  river  at  Tarboro,  North 
Carolina,  and  was  established  by  E.  W.  Myers  on  July  24,  1896.  The 
length  of  the  wire  gage  is  38.30  feet.  The  channel  is  straight,  the 
current  moderately  swift,  the  banks  low  and  flooded  in  high  water. 
The  bed  is  sandy  and  fairly  constant.  ,  Sand  bars  slightly  obstruct 
the  flow  of  the  river.  The  observer  is  R.  H.  Williams,  who  reads 
the  gage  once  a  day.  Measurements  of  discharge  are  made  at  the 
highway  bridge  which  crosses  the  stream  about  200  yards  above, 
this  point  furnishing  a  better  station.  Records  of  flow  may  be  found 
as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  52;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  184;  1898,  Twentieth  Annual 
Report,  Part  lY,  page  143.  The  following  measurements  were  made 
by  E.  W.  Myers  during  1899: 

Febmary  5,  gage  height,  9.10  feet;  discharge,  5,165  aeoond-feet. 
May  24,  gage  height,  2.60  feet;  discharge,  1,125  aecond-feet 
June  7,  gage  height,  2.00  feet;  discharge,  798  seoond-feet 
October  16,  gage  height,  2.95  feet;  discharge,  1,150  seoond-feet. 
November  28,  gage  height,  2.20  feet;  discharge,  875  second-feet. 

Daily  gage  height^  in  feet,  of  Tar  River  at  Tarboro,  North  Carolina,  for  J899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au^. 

Sept. 

1 

8.20 

6.80 

15.00 

8.60 

4.60 

2.40 

1.00 

10.00 

0.60 

2 

3.10 

7.20 

14.80 

7.80 

4.10 

8.60 

1.00 

10.60 

.60 

3 

8.40 

8.80 

15.40 

7.20 

8.90 

8.00 

.95 

9.80 

.40 

4 

3.70 

8.W 

16.70 

6.30 

4.00 

2.00 

1.00 

7.70 

.30 

6 

8.  GO 

8.90 

16.60 

7.00 

8.90 

8.00 

.05 

6.50 

.60 

6 

8.80 

12.60 

17.80 

8.00 

380 

2.50 

.70 

4.50 

.50 

7 

3.40 

16.70 

16.30 

6.90 

3.60 

2.00 

8.20 

4.00 

.40 

8 

3.50 

18.60 

18.60 

11,70 

3.60 

1.60 

2.50 

8.70 

.50 

» 

8.40 

21.90 

18.40 

14.50 

8.60 

1.50 

2.00 

4.50 

.70 

10 

4.80 

24.10 

16.40 

16.50 

8.70 

8.00 

1.50 

4.90 

8.00 

11 

8.40 

25.00 

13.80 

17.80 

8.80 

2.80 

1.00 

3.80 

1.00 

12 

3.80 

Ice. 

11.10 

18.30 

3.80 

2.50 

8.50 

3.10 

8.00 

18 

8.70 

Ice. 

9.00 

17.00 

3.50 

6.40 

1.60 

2.00 

6.00 

U 

4.80 

Ice. 

8.20 

14.40 

4.30 

7.60 

1.40 

3.00 

8.30 

16 

6.80 

14.75 

9.80 

10.70 

4.00 

9.30 

1.10 

4.10 

2.10 

16 

8.80 

11. 7U 

13.80 

8.00 

4.30 

10.60 

1.00 

8.80 

1.00 

17 

10.30 

11.80 

16.70 

7.00 

8.70 

9.50 

.90 

4.30 

1.50 

18 

10.40 

14.10 

19.00 

6.20 

3.10 

9.80 

1.10 

5.20 

1.10 

19 

9.10 

17.00 

20.90 

6.80 

2.80 

8.80 

1.40 

6.00 

1.00 

20 

8.80 

19.00 

21.00 

6.40 

2.60 

6.80 

8.80 

6.40 

.80 

21 

7.00 

22.00 

19.70 

6.50 

2.80 

8.70 

8.20 

4.80 

.70 

22.  ... 

6.90 

23.00 

17.50 

6.80 

2.60 

8.00 

2.80 

4.20 

.62 

28 

5.80 

23.40 

16.30 

6.00 

2.70 

2.40 

l.TO 

3.00 

.60 

24  .... 

4.90 

23.10 

18.70 

4.60 

2.70 

2.00 

1.80 

2.80 

.60 

25 

4.50 

22.00 

10.00 

4.30 

2.80 

1.50 

1.60 

2.60 

1.80 

26 

4.40 

20.50 

8.60 

4.10 

2.70 

1.40 

2.60 

1.80 

1.00 

27 

4.50 

18.20 

7.80 

4.3U 

2.50 

1.50 

8.90 

l.TO 

.60 

28 

4.70 

16.30 

7.50 

6.40 

2.30 

1.40 

6.90 

1.60 

8.60 

29  .... 

4.10 

7.40 

7.60 

1.90 

1.00 

8.20 

1.40 

8.80 

80 

4.20 

7.90 

6.20 

2.10 

.98 

8.50 

1.10 

2.60 

31 

4.30 

8.50 

1.70 

9.46 

.80 

Oct 


1.70 
1.30 
1.40 
.90 
.80 
1.40 
2.20 
7.00 
8.70 
7.30 
6.80 
6.00 
6.20 
4.30 
3.50 
8.00 
2.70 
2.40 
2.20 
2.00 
.80 
1.60 
1.60 
1.40 
1.80 
1.40 
1.30 
1.10 
1.30 
2.60 
3.20 


Det* 


4.30 
6.90 
9.3ri 
9.70 
6  50 
6.70 
5.20 
4.60 
4.20 
8.60 
8.40 
3.00 
2.711 
2.60 
2.40 

2.:)o 

2.40 
2.20 

2.ai 

1.80 

2.10 

2  00 

1.90 

1.80 

1.90 

2.00 

1.90 

2.20 

2.40* 

2.70 


3.70 
S.80 
2.70 
8.00 
3.30 
2.  HO 
2.01 

2.  SO 
2.30 
2.30 
2.00 
2.20 
2.40 
3.00 
3.70 

3.  so 
S.90 
2.00 
2.50 
2.40 
2.30 
2.50 
2.10 
2.  SO 
5.40 
7.80 
8.  SO 
6.80 
.1.  40 
5.00 
4.10 
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NBUSB  RIVBR  AT  SEUfA,  NORTH  CAROLINA. 

Neuse  River  rises  in  the  north-central  part  of  North  Carolina,  and 
flows  in  a  southeasterly  direction,  emptying  into  Pamlico  Sound.  The 
stream  crosses  the  fall  line  at  Smithfield,  below  which  point  there  is 
no  power.  The  elevation  of  the  river  at  Smithfield  is  about  106  feet. 
At  the  crossing  of  the  Seaboard  Air  Line  Railroad,  some  35  miles  above, 
the  elevation  is  about  175  feet,  making  the  fall  in  this  part  of  the 
river  about  2  feet  per  mile.  Above  this  point  the  fall  is  much  greater. 
A  large  part  of  the  area  drained  by  this  stream  is  forest  covered.  The 
river  is  subjected  to  violent  freshets  and  to  periods  of  low  flow.  The 
minimum  flow  per  square  mile  decreases  rapidly  as  the  stream  is 
ascended.  A  w^eir  measurement  of  Eno  River  where  the  drainage 
area  was  about  100  square  miles,  gave  a  flow  of  3,000,000  gallons  per 
twenty-four  hours,  or  4.64  second-feet,  or  at  the  rate  of  0.046  cubic  feet 
per  second  x)er  square  mile.  This  measurement  was  made  during  the 
severe  drought  of  the  summer  of  1897.  There  are  a  number  of  local- 
ities where  power  can  be  developed.  The  gaging  station  described  in 
the  Eighteenth  Annual  Report,  Part  IV,  page  52,  is  located  on  the 
Southern  Railway  bridge,  about  3  miles  from  Selma,  North  Carolina. 
It  was  established  by  E.  W.  Myers,  July  29, 1896.  The  bed  of  the  river 
here  is  sandy  and  muddy  and  is  liable  to  change  in  high  water.  The 
flow  is  obstructed  by  one  pier  of  the  bridge ;  the  channel  is  straight,  tlie 
current  moderately  swift  and  conflned  to  one  channel.  The  gage  rod 
was  moved  February  6, 1899,  to  the  highway  bridge,  crossing  the  river 
about  200  yards  below.  The  zero  of  the  gage  rod  is  33.7  feet  west  of 
the  center  rod  of  the  truss  of  the  bridge,  and  on  the  downstream  side. 
The  outer  rim  of  the  pulley  wheel  is  4.75  feet  east  of  the  zero  of  the 
gage  rod,  and  the  distance  from  the  end  of  the  weight  to  the  marker 
on  wire  is  35.00  feet.  When  this  station  was  visited  on  May  23,  1899, 
the  gage  was  measured,  and  this  distance  was  found  to  be  35.35  feet. 
When  visited  in  June  this  length  was  found  to  be  35.37  feet;  in  Octo- 
ber 35.48  feet,  and  at  the  November  visit  it  was  found  to  be  35.50  feet. 
This  error  has  been  allowed  to  accumulate,  and  gage  heights  on  the 
attached  sheet  have  been  adjusted  b}"  these  measurements.  The 
observer  is  C.  Richardson,  engineer  at  pumping  station,  Selma,  North 
Carolina.  Records  of  flow  maj^  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  53;  1897,  Nineteenth  Annual  Report^ 
Part  W,  page  186;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
144.  The  following  measurements  were  made  by  E.  W.  Myers  during 
1899: 

February  6,  gage  height,  15.68  feet;  discharge,  7,807  second-feet 
May  28,  gage  height,  4.28  feet;  discharge,  1,262  second-feet. 
June  5,  gage  height,  8.10  feet:  discharge,  778  second-feet. 
October  12,  gage  height,  1.70  feet;  discharge,  574  second-feet. 
November  26,  gage  height,  1.80  feet;  discharge,  856  second-feet 
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Daily  gage  height^  infeei^  of  Neuse  River  at  Selma,  North  Carolina^  for  1899, 


D*y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

1.40 

6.60 

18.89 

4.79 

1.84 

4.44 

1.21 

10.68 

0.96 

1.48 

10.60 

1.10 

2 

1.80 

5.90 

12.99 

4.99 

1.69 

8.64 

1.21 

9.68 

.85 

1.23 

U.20 

L60 

8 

1.80 

6.60 

14.19 

4.99 

2.69 

8.14 

1.11 

7.98 

.76 

1.08 

11.40 

1.60 

4 

2.00 

6.00 

16.48 

5.78 

2.89 

8.28 

1.11 

6.18 

.75 

.78 

11.80 

1.40 

6 

2.60 

U.80 

18.28 

6.28 

8.18 

8.18 

1.21 

a  18 

.85 

.62 

4.80 

1.20 

6 

2.00 

18.40 

17.96 

8.48 

2.88 

2.68 

1.81 

2.28 

.65 

.62 

3.80 

1.20 

7 

2.10 

19.90 

17.87 

9.77 

2.48 

1.88 

1.40 

2.68 

.45 

8.98 

2.70 

1.20 

8 

7.10 

20.09 

16.47 

18.97 

a  18 

1.88 

2.60 

8.18 

.65 

6.82 

2.30 

1.2D 

9 

6.60 

20.98 

18.97 

16.67 

8.42 

2.68 

3.00 

8.67 

.65 

7.12 

2.10 

L20 

10 

6.40 

20.28 

10.06 

14,76 

4.02 

6.28 

2.60 

8.67 

.65 

7.42 

2.10 

L20 

11 

8.60 

18.97 

8.16 

U.76 

4.77 

7.06 

2.40 

8.47 

.44 

a98 

2.00 

1.20 

12 

8.40 

12.87 

9.26 

7.06 

4.47 

7.88 

1.60 

2.57 

.84 

2.72 

1.60 

L40 

18 

3.20 

10.86 

9.16 

4.96 

a76 

9.78 

1.40 

2.47 

.94 

2.12 

1.40 

1.90 

U 

8.70 

9.96 

10.86 

4.75 

5.26 

6.27 

1.10 

8.07 

1.04 

1.51 

2.00 

8.80 

15 

8.90 

9.66 

11.96 

4.65 

5.81 

8.22 

1.00 

8.17 

.94 

1.81 

2.00 

a20 

16 

8.90 

6.46 

18.06 

4.64 

4.46 

2.68 

1.00 

2.57 

.84 

1.11 

1.80 

3.40 

17 

8.00 

18.66 

16.94 

4.84 

8.26 

2.42 

LOO 

1.67 

.74 

.71 

1.60 

1.30 

18 

6.20 

16.64 

14.94 

4.24 

ao5 

2.82 

4.89 

1.77 

.64 

1.01 

1.60 

1.80 

19 

6.20 

17.84 

18.28 

4.08 

4.10 

2.08 

6.60 

1.67 

.64 

1.21 

1.50 

1.00 

80 

4.20 

18.18 

17.78 

8.78 

6.90 

1.88 

4.79 

1.06 

.74 

1.81 

1.60 

1.00 

a 

8.20 

18.78 

12.68 

8.68 

6.86 

1.78 

2.79 

.96 

.64 

1.81 

1.40 

1.50 

a 

2.40 

17.02 

9.82 

8.62 

4.80 

1.68 

2.88 

.96 

.68 

1.81 

1.80 

1.90 

28 

2.60 

17.82 

8.02 

8.88 

4.40 

1.62 

1.60 

.86 

.78 

1.81 

1.20' 

3.00 

24 

2.60 

15.82 

6.82 

8.12 

8.74 

1.42 

1.29 

.86 

.88 

1.11 

1.10 

3.00 

26 

2.40 

14.21 

6.41 

8.21 

8.44 

1.48 

8.60 

.96 

.88 

1.01 

1.00 

2.20 

26 

8.10 

15.61 

6.21 

8.41 

2.84 

1.81 

6.60 

.96 

1.43 

.80 

1.00  ! 

1.90 

27 

3.10 

15.20 

6.11 

4.21 

2.44 

1.81 

10.19 

.96 

1.67 

.70 

.90) 

1.40 

28 

8.00 

14.00 

5.60 

4.70 

2.14 

1.81 

7.n 

.96 

2.68 

.70 

.80 

L20 

89 

2.80 

6.60 

5.60 

1.94 

1.21 

6.68 

.86 

2.87 

.80 

.TO 

1.90 

80 

2.40 

6.90 

1.96 

8.04 

1.21 

6.68 

.96 

1.68 

.80 

.TO 

l.SO 

81 

2.40 

7.60 

5.04 

8.28 

.96 

io.ro 

Lao 

HAW  RIVER  AT  MONCURE,  NORTH  CAROLINA. 

This  station,  established  May  6,  1898,  by  E.  W.  Myers,  is  located  1} 
miles  north  of  Moncare,  Chatham  County,  North  Carolina,  at  the  bridge 
of  the  Seaboard  Air  Line,  which  crosses  the  river  here,  and  about 
2  miles  from  the  junction  of  the  river  with  Deep  River  to  form  the 
Cape  Fear.  The  observer  is  M.  A.  Moore,  Moncure,  North  Carolina, 
who  also  attends  the  station  on  Deep  River.  The  gage  is  a  horizontal 
rod  well  painted,  divided  into  feet  and  tenths,  securely  nailed  to  the 
outer  side  of  the  guard  rail  of  the  bridge  on  the  upstream  side.  The 
2-foot  mark  on  the  rod  is  over  the  center  of  the  second  floor  beam 
from  the  south  end  of  the  second  span  from  the  south  end  of  the 
bridge.  The  length  of  gage  was  last  verified  November  26,  1899. 
The  initial  XH)int  for  sounding  is  a  notch  cut  in  the  guard  rail  opposite 
the  south  end  of  the  bridge  and  on  the  upstream  side,  the  section  here 
being  better  than  that  on  the  downstream  side.  The  channel  is 
straight  for  some  distance  above  and  below  the  station.  The  velocity 
is  good  and  uniformly  distributed  across  the  stream.  Both  banks  are 
rather  low  and  subject  to  overflow  in  time  of  flood.  The  bed  of  the 
stream  is  of  coarse  sand  and  gravel,  and  is  probably  not  subject  to 
any  decided  change  in  high  water.  The  current  here  is  somewhat 
modified  by  a  fish  dam  about  150  yards  above  the  bridge.  The  station 
is  reached  by  private  conveyance  from  Moncure.  When  the  station 
was  established  in  May,  1898,  the  distance  from  the  end  of  the  weight 
to  the  pointer  on  the  wire  was  43.45  feet.     When  it  was  visite<l  in 
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August,  1898,  the  wire  was  measured  and  this  distance  was  found  to 
be  43.67  feet.  In  February,  1899,  the  gage  was  measured  and  found 
to  be  43.75  feet.  This  length  remained  the  same  at  the  subsequent 
visits  during  the  year,  in  June,  October,  and  November.  The  error 
was  not  corrected  on  the  gage  at  each  visit,  it  being  considered  pre- 
ferable to  change  the  gage  heights  after  the  stretch  was  found,  to  have 
become  fixed.  The  gage  heights  for  1899,  as  published  below,  have 
been  corrected.  The  following  measurements  were  made  during  1899 
by  E.  W.  Myers: 

Febmary  4,  gage  height,  8.96  feet;  disoharge,  5,594  second-feet. 
May  26,  gage  height,  2.20  feet;  discharge,  751  second-feet. 
Jane  5,  gage  height,  2.99  feet;  discharge,  1,275  second-feet. 
October  12,  gage  height,  1.85  feet;  discharge,  756  second  feet. 
November  26,  gage  height,  1.87  feet;  discharge,  858  second-feet. 

Daily  gage  height^  in  feet,  of  Haw  Biver  at  MoncurCy  North  Carolina,  for  1809, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept 

Oct. 

Nov. 

Deo. 

1 

2.03 

4.98 

16.70 

5.54 

2.94 

2.62 

1.48 

4.16 

1.07 

1.04 

10.58 

1.28 

2 

8.68 

4.46 

9.06 

4.68 

2.70 

2.60 

1.81 

a42 

.96 

1.02 

6.87 

1.16 

3 

8.30 

4.30 

9.98 

4.46 

2.60 

8.94 

1.20 

2.68 

.91 

.82 

8.96 

1.54 

4 

2.86 

8.70 

16.66 

.8.98 

2.42 

3.56 

1.18 

2.26 

1.04 

.82 

4.61 

1.62 

6 

2.84 

16.40 

18.48 

8.86 

2.88 

2.96 

7.90 

1.48 

1.02 

.85 

8.54 

1.48 

6 

2.48 

22.42 

14.84 

8.84 

2.44 

2.20 

2.24 

1.42 

1.08 

7.65 

2.66 

1.82 

7 

12.06 

24.66 

18.56 

4.86 

1.98 

1.84 

2.06 

4.85 

.96 

5.62 

2.09 

1.80 

8 

10.  a2 

26.18 

9.41 

11.12 

7.86 

1.62 

2.28 

4.92 

.96 

7.37 

1.64 

1.12 

9 

8.62 

26.62 

6.68 

13.42 

6.14 

1.40 

1.22 

4.00 

1.00 

5.98 

1.67 

1.06 

10 

4.98 

17.70 

6.16 

7.08 

4.60 

1.62 

1.04 

4.46 

2.51 

4.18 

1.62 

1.12 

11 

3.84 

12.34 

4.52 

5.98 

4.42 

2.45 

1.70 

2.02 

2.84 

2.97 

1.57 

1.22 

12 

8.62 

6.92 

4.34 

4.64 

4.98 

5.18 

1.46 

1.56 

3.40 

1.80 

1.57 

3.12 

13 

3.94 

6.62 

4.06 

4.12 

8.06 

4.44 

1.88 

1.58 

1.70 

1.62 

1.33 

1.84 

U 

5.14 

6.84 

6.84 

8.70 

8.62 

4.12 

1.20 

1.20 

1.90 

1.36 

1.31 

1.82 

16 

11.62 

6.46 

22.07 

8.88 

5.04 

2.94 

1.80 

1.14 

1.24 

1.29 

1.48 

1.68 

16 

7.96 

7.42 

28.36 

8.62 

4.10 

2.65 

1.28 

1.80 

1.20 

1.34 

1.15 

1.86 

17 

6.88 

18.92 

17.18 

3.06 

8.86 

2.40 

1.14 

1.52 

1.16 

1.11 

1.08 

1.62 

18 

6.01 

18.38 

8.62 

2.95 

2.90 

1.72 

1.32 

1.26 

1.12 

1.20 

1.32 

1.48 

19 

4.44 

18.41 

14.96 

2.82 

2.92 

1.60 

1.34 

1.42 

1.98 

1.24 

1.42 

1.44 

20 

3.70 

14.72 

14.84 

2.70 

2.86 

1.62 

1.28 

1.06 

1.02 

1.21 

1.44 

1.28 

21 

4.16 

11.62 

10.96 

2.80 

2.00 

1.54 

1.30 

1.04 

1.07 

1.22 

1.40 

1.32 

22 

2.90 

9.18 

7.61 

2.64 

1.92 

1.33 

1.36 

.92 

1.46 

1.20 

1.88 

1.26 

23 

2.98 

8.26 

5.44 

8.44 

2.94 

1.69 

1.84 

.90 

1.18 

1.07 

1.34 

1.18 

24 

8.06 

7.28 

4.92 

2.40 

2.96 

1.48 

1.23 

1.06 

1.06 

.94 

1.26 

1.54 

25 

3.16 

5.40 

4.72 

2.42 

2.62 

1.36 

1.28 

1.06 

2.04 

.94 

1.28 

1.66 

2tt 

3.18 

6.18 

4.62 

4.84 

2.82 

i.ao 

1.60 

1.80 

1.38 

1.13 

1.32 

1.62 

27 

3.15 

6.84 

4.07 

6.08 

2.06 

1.20 

7.14 

.92 

1.24 

1.17 

1.96 

1.38 

28 

3.10 

13.58 

6.34 

4.10 

1.90 

1.38 

6.30 

1.00 

1.06 

1.04 

2.84 

1.32 

20 

2.60 

10.58 

8.52 

1.84 

1.10 

3.48 

1.06 

1.09 

1.19 

2.90 

1.24 

30 

3.32 

7.46 

2.98 

2.20 

1.54 

2.02 

1.40 

.98 

1.92 

2.56 

1.14 

31 

3.96 

6.84 

3.16 

5.68 

1.18 

3.46 

«  M  « •«  a  • 

2.88 

DEEP  BIVER  AT  MONCURB,  NORTH  CAROLINA. 

This  station,  established  May  5,  1898,  by  E.  W.  Myers,  is  located 
about  one-fourth  of  a  mile  south  of  Moncure,  Chatham  County,  North 
Carolina,  at  the  covered  wooden  bridge  of  the  Seaboard  Air  Line, 
which  crosses  the  river  here.  It  is  about  2  miles  above  the  junction 
with  the  Haw  River  to  form  the  Cape  Fear.  The  observer  is  M.  A. 
Moore,  of  Moncure,  North  Carolina,  a  farmer  and  bridge  watchman 
living  about  100  yards  from  the  bridge.  The  gage  is  a  horizontal  i»d, 
well  painted,  divided  into  feet  and  tenths,  and  securely  nailed  to  the 
guard  rail  of  the  bridge.     The  zero  of  the  rod  is  50  feet  south  of  the 
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north  end  of  the  second  span  of  the  bridge  from  the  north.  The  ini- 
tial point  of  sounding  is  a  notch  cut  in  the  guard  itiil  opposite  the 
south  end  of  the  bridge  and  on  the  downstream  side.  The  channel  is 
straight  for  some  distance  above  and  below  the  station.  The  banks 
are  low  and  the  bed  probably  slightly  shifting  during  high  water. 
The  velocity  is  not  great,  but  sufficient  for  proper  measurement,  and 
is  well  distributed  across  the  stream.  When  the  station  was  estab- 
lished on  May  5,  1898,  the  distance  from  the  end  of  the  weight  to 
the  pointer  on  the  wire  was  45.16  feet.  At  every  subsequent  trip 
the  gage  wire  has  been  measured,  and  it  was  discovered  that  the 
length  was  gradually  increasing.  When  the  station  was  visited  on 
August  20,  1898,  the  length  of  the  wire  was  found  to  be  45.27  feet 
February,  1899,  the  length  was  found  to  be  45.38  feet;  in  May,  45.40 
feet;  in  June,  45.45  feet;  in  October,  45.57  feet,  and  in  November, 
45.60  feet.  These  errors  were  allowed  to  accumulate  to  see  if  the  wire 
had  any  definite  fixed  rate  of  stretch  under  a  constant  weight.  The 
gage  heights  as  published  below  have  been  adjusted  from  the  meas- 
urements noted  above.  Records  of  flow  may  be  found  in  the  Twen- 
tieth Annual  Report,  Part  IV,  page  146.  The  following  measurements 
were  made  during  1899  by  E.  W.  Myers: 

February  4,  gage  height,  7.08  feet;  discharge,  4,590  seoond-feet. 
May  27,  gage  height,  2.16  feet;  discharge,  447  second-feet. 
June  5,  gage  height,  2.51  feet;  discharge,  610  second-feet. 
October  12,  gage  height,  1.89  feet;  discharge,  449  second-feet. 
November  26,  gage  height,  1.82  feet;  discharge,  290  second-feet. 


Daily  gage  height,  in  feet ,  of  Deep  River  at  Moncure,  North  Carolina,  for  1S99, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Ang. 

Sept. 

Oct 

Not. 

Dea 

1 

2.03 

4.68 

6.91 

7.12 

2.90 

2.84 

1.52 

4.64 

a85 

0.88 

12.74 

2.77 

2 

3.21 

5.00 

6.25 

4.70 

2.86 

2.61 

1.86 

4.86 

.70 

.78 

5.m 

1.86 

3 

8.41 

6.78 

6.89 

4.62 

2.56 

3.46 

1.84 

8.46 

.76 

.88 

4.23 

1.83 

4 

3.27 

7.08 

13.25 

6.16 

2.61 

8.13 

1.18 

8.08 

.01 

.79 

3.48 

2.19 

6 

2.79 

16.40 

14.43 

8.64 

2.20 

2.40 

4.20 

1.46 

.73 

.87 

8.04 

2.15 

6 

2.47 

20.48 

16.  n 

6.18 

2.25 

1.05 

2.42 

1.20 

.71 

7. 2D 

2.74 

1.49 

7 

10.27 

23.21 

15.67 

6.40 

2.47 

1.65 

2.72 

4.64 

.80 

6.40 

2.24 

1.27 

8 

9.13 

26.92 

13.62 

17.76 

8.86 

1.40 

2.11 

4.11 

1.10 

6.70 

1  01 

1.19 

0 

7.71 

X.9G 

10.61 

15.04 

6.00 

1.58 

2.10 

4.15 

1.10 

7.11 

1.86 

1.11 

10 

5.50 

18.70 

7.30 

8.28 

4.48 

2.65 

2.10 

8.87 

1.82 

8.96 

.84 

1.19 

u 

4.99 

12.26 

5.05 

6.16 

8.86 

3.28 

1.70 

1.80 

2.10 

8.19 

80 

4.<8 

12 

5.83 

7.19 

4.41 

6.40 

6.80 

4.72 

1.67 

1.41 

2.55 

1.97 

1.00 

5.95 

13 

6.07 

6.98 

4.67 

4.86 

7.99 

8.78 

1.84 

1.25 

2.04 

1.72 

1.02 

4.69 

U 

9.79 

6.06 

3.91 

4.48 

9.23 

8.40 

1.10 

1.21 

4.86 

1.50 

1.00 

z.s» 

16 

13.07 

5.10 

21.19 

8.76 

6.99 

2.66 

1.00 

1.20 

1.96 

1.31 

.06 

2.35 

1ft 

8.61 

6.76 

22.51 

8.08 

4.46 

2.42 

1.28 

1.81 

1.04 

1.17 

.98 

1.30 

17 

7.91 

16.20 

16.21 

4.10 

3.97 

2.40 

.90 

1.17 

.98 

1.27 

1.08 

l.:U 

13 

6.98 

21.26 

9.99 

4.04 

3.76 

1.68 

1.14 

1.00 

.84 

1.04 

i.as 

1.47 

19 

5.99 

19.34 

14.60 

3.54 

3.60 

1.58 

1.11 

1.26 

.87 

1.06 

1.14 

1.30 

20 

4.73 

15.30 

15.31 

3.32 

3.06 

1.40 

1.02 

.88 

1.71 

1.12 

i.oe 

.«» 

21 

3.15 

9.92 

9.02 

3.46 

2.89 

1.50 

1.02 

.74 

1.99 

.97 

.96 

1.27 

22 

3.36 

9.05 

7.16 

2.97 

2.67 

1.47 

1.02 

.78 

1.40 

.90 

1.10 

1.13 

23 

3.08 

8.22 

6.87 

3.10 

3.26 

1.77 

1.19 

.00 

1.17 

.87 

1.05 

1,07 

24 

a  17 

7.92 

6.43 

2.96 

2.85 

1.87 

1.11 

.05 

.87 

.85 

1.04 

1.19 

25 

3.35 

6.24 

4.91 

2.97 

2.75 

1.56 

1.52 

1.06 

2.84 

.91 

1.00 

1-13 

26 

3.27 

6.92 

4.41 

5.60 

2.61 

1.67 

1.67 

.84 

1.53 

.92 

1.32 

1.11 

27 

3.54 

12.94 

4.14 

6.64 

2.25 

1.71 

6.19 

1.00 

1.35 

1.01 

1.02 

1.07 

?8 

3.19 

18.22 

7.07 

4.46 

2.02 

2.15 

4.36 

.96 

1.00 

.98 

1.83 

.95 

29 

2.55 

11.  «> 

3.50 

1.91 

1.68 

3.77 

1.20 

1.17 

.04 

3.78 

1.08 

30 

2.21 

10.31 

8.04 

2.54 

1.60 

2.11 

1.22 

1.04 

.80 

2.84 

.97 

31 

3.23 

8.44 

2.96 

6.28 

.80 

1.13 

1.03 
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CAPE  FEAR  RIVER  AT  FAYETTEVILLE,  NORTH  CAROLINA. 

Cape  Fear  River  is  formed  by  the  junction  of  the  Haw  and  Deep 
rivers  near  Moncure,  Chatham  County,  North  Carolina,  and  flows  in  a 
southeasterly  direction,  emptying  into  the  Atlantic  Ocean  near  Wil- 
mington.    Its  watershed  for  the  most  part  is  flat  and  well  covered 
with  forest  growth.     Measurements '  are  made  on  both  the  Haw  and 
the  Deep  at  Moncure,  and  on  the  Cape  Fear  at  Fayetteville.     The 
measurements  are  of  value  in  the  study  of  the  valuable  water  powers 
of  the  Cape  Fear  and  its  tributaries.     The  gaging  station  described 
in  the  Eighteenth  Annual  Report,  Part  IV,  page  54,  is  at  the  bridge 
of  the  Alantlc  Coast  Line,  about  a  mile  east  of  Fayetteville,  North 
Carolina.     The  Weather  Bureau  has  a  gage  fastened  on   the  lower 
side  of  the  east  abutment  of  the  covered  highway  bridge,  this  being 
about  400  feet  above  the  railroad  bridge,  from  which  discharge  meas- 
urements are  made.     The  lower  29  feet  of  this  gage  consists  of  a  rod 
divided  into  feet  and  tenths  and  firmly  fastened  to  the  abutment. 
Above  the  29-foot  mark  the  scale  is  painted  on  the  rock.    The  observer 
is  Frank  Glover,  who  has  charge  of  the  steamboat  landing  just  below 
the  railroad  bridge.     For  his  convenience  he  has  placed  a  subsidiary 
gage  at  the  steamboat  landing  reading  about  the  same  as  the  official 
gage,  and  from  this  observations  are  taken.     The  channel  is  straight 
and  the  current  moderately  swift  and  not  influenced  by  dams  or  other 
obstructions.     The  banks  are  high  and  the  total  flow  of  the  river  is 
in  one  channel,  even  during  the  highest  floods.     The  bed  is  fairly 
constant.     Records  of  flow  may  be  found  as  follows :  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  56;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  93;  1898,  Twentieth  Annual  Report,  Part  IV,  page  145. 
The  following  measurements  were  made  by  E.  W.  Myers  during  1899: 

Febrnary  7,  gage  height,  46.50  feet;  discharge,  61,921  second-feet. 
May  24,  gage  height,  6.40  feet;  discharge,  3,142  second-feet. 
Jnne  6,  gage  height,  4.20  feet;  discharge,  1,577  second-feet. 
October  18,  gage  height,  6.00  feet;  discharge,  2,182  second-feet. 
November  29,  gage  height,  9.65  feet;  discharge,  7,742  second-feet. 
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DaUy  gage  height,  in  feet,  of  Cape  Fear  River  at  FayetteviUe,  North  Caroliiia, 

for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Anfif. 

Sept. 

Oct. 

Not. 

1 
Dec 

1 

4.50 

11.00 

30.80 

* 

17.80 

7.20 

6.00 

2.90 

11.60 

2.40 

2.00 

11.00 

8.00 

2 

4.eo 

18.10 

25.00 

17.00 

6.00 

6.40 

6.40 

10.00 

2.20 

1.70 

21.40 

6.40 

3 

6.50 

14.00 

21.00 

14.00 

6.00 

8.00 

8.00 

8.80 

1.90 

1.70 

17.50 

6.50    1 

4 

6.50 

12.80 

28.60 

12.20 

6.60 

7.00 

7.60 

7.00 

1.60 

1.50 

12.80 

7.10    1 

5 

5.80 

23.00 

34.40 

16.60 

6.60 

6.10 

6.10 

6.60 

1.60 

1.40 

10.40 

6.70 

0 

5.50 

81.90 

33.20 

21.00 

6.50 

4.20 

4.20 

4.20 

1.60 

2.10 

8.30 

5.60    ' 

7 

6.50 

41.00 

27.40 

17.60 

5.00 

4.20 

4.20 

8.20 

1.40 

14.40 

6.50 

6.10    1 

8 

17.00 

50.80 

26.00 

23.20 

8.60 

3.80 

8.80 

t.60 

2.00 

18.50 

6.00 

4.90    f 

9 

21.40 

62.00 

20.00 

36.50 

14.20 

8.60 

8.80 

7.00 

1.80 

17.00 

5.00 

4.70 

10 

14.90 

47.30 

15.00 

80.80 

18.00 

4.60 

9.80 

10.20 

1.90 

18.20 

5.00 

4.30 

11 

10.20 

37.40 

11.60 

23.00 

9.80 

7.60 

6.40 

7.00 

1.80 

10.00 

4.80 

4.30 

12 

8.00 

30.00 

10.20 

19.40 

10.90 

8.10 

6.00 

6.60 

6.70 

7.00 

4.50 

4.50 

18 

9.80 

20.80 

9.40 

16.80 

11.00 

10.00 

8.60 

4.60 

4.00 

6.00 

4.00 

4.  no 

U 

]0.Q0 

12.30 

8.70 

13.60 

16.40 

11.10 

8.10 

8.70 

4.00 

4.50 

4.30 

14.00 

16  .... 

19.00 

10.00 

18.60 

10.20 

17.80 

8.00 

2.60 

aoo 

4.60 

3.80 

4.00 

10.00 

16 

23.60 

12.50 

38.60 

9.80 

12.00 

6.80 

2.40 

2.70 

4.00 

3.50 

4.00 

7.50 

17 

17.20 

24.00 

42.00 

9.00 

9.70 

6.00 

2.40 

2.50 

2.60 

8.60 

4.00 

6.00 

18 

14.60 

36.50 

38.00 

10.00 

7.20 

4.60 

4.60 

2.40 

1.80 

8.00 

8.90 

&.40 

19 

13.40 

42.00 

28.00 

9.20 

6.60 

4.10 

4.00 

2.70 

1.60 

3.30 

3.80 

5.00 

20 

11.00 

43.00 

28.80 

9.40 

6.80 

8,70 

8.60 

2.70 

1.80 

8.00 

8.00; 

4.80 

21 

9.20 

38.50 

32.00 

9.00 

6.20 

8.20 

8.00 

2.30 

2.60 

2.70 

S.50. 

4.50 

22 

8.00 

34.00 

25.00 

8.60 

6.00 

3.20 

2.40 

2.20 

4.00 

2.60 

3.80  : 

4.00 

23 

7.00 

28.30 

18.00 

8.40 

6.80 

3.00 

2.30 

6.00 

8.70 

2.20 

8.30 

4.90 

24 

6.20 

23.00 

14.70 

8.00 

6.30 

8.10 

2.80 

8.70 

8.20 

2.30 

8.80 

.5.40 

25 

6.20 

18.20 

12.00 

6.60 

6.00 

2.90 

4.00 

2.50 

2.60 

2.10 

4.00 

10.00 

28 

6.00 

16.40 

10.00 

7.00 

6.50 

2.50 

6.40 

2.70 

2.90 

2.10 

4.00; 

12.00 

27 

7.00 

17.00 

10.  a) 

10.00 

6.80 

2.80 

7.00 

2.10 

8.70 

2.10 

4.50, 

0.70 

28 

6.80 

28.40 

12.00 

11.40 

4.70 

8.10 

12.80 

1.60 

8.00 

2.10 

5.60  ' 

7.30 

29 

6.60 

17.80 

10.00 

4.20 

3.60 

11.70 

1.60 

8.00 

2.10 

10.00 

6.00 

80 

6.60 

21.70 

8.80 

4.20 

8.20 

9.90 

1.60 

3.60 

2.10 

9.60 

5.90 

81 

7.00 

19.20 

6.00 

7.60 

2.90 

4.20 

•               1 

YADKIN  RIVER  AT  SALISBURY,  NORTH  GAROUNA. 

This  river  rises  in  the  west-central  part  of  North  Carolina,  flows 
easterly,  and  then  turning  abruptly  south  continues  across  the  central 
part  of  North  Carolina  and  through  the  northeastern  part  of  South 
Carolina  into  the  Atlantic  Ocean.     Throughout  the  upper  i)art  of  its 
course  the  topography  of  its  watershed  is  rough  and  mountainous,  but 
as  it  approaches  the  ocean  the  land  becomes  flat  and  marshy.     The 
upper  portion  of  its  watershed  is  well  timbered.     The  drainage  area  is 
partly  mapped  on  the  Statesville,  Hickory,  Wilkesboro,  Yadkinville, 
and  Hillsville  atlas  sheets.     There  are  a  number  of  places  where  water 
powers  may  be  developed,  and  measurements  have  been  made  to 
determine  the  available  amount.     A  station  has  been  established  near 
Salisbury,  North  Carolina,  and  another  one  about  50  miles  nearer  it« 
mouth,  at  Norwood,  North  Carolina.     The  Salisbury  station,  described 
in  the  Eighteenth  Annual  Report,  Part  lY,  page  57,  was  established 
by  C.  C.  Babb  September  24,  1895,  and  is  located  at  the  Southern 
Railway  bridge  near  Holtsburg,  near  the  mouth  of  Grant  Creek,  and 
about  6  miles  from  Salisbury,  North  Carolina.     The  length  of   the 
wire  gage  is  55.10  feet.     The  observer  is  W.  L.  Owen,  fireman  of 
pumping  station,  located  just  below  the  bridge.     The  station  is  easily 
reached  by  private  con ve3'ance  from  Salisbury.     Discharge  measare- 
ments  are  made  from  the  lower  side  of  the  deck  bridge,  the  zero  point 
being  on  the  left  bank.     The  channel  is  obstructed  by  three   piers 
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with  large  rafts  of  driftwood  lodged  against  each  and  sand  bars 
below  each.  The  channel  is  straight,  current  swift,  and  the  bed 
rough  and  rocky.  The  banks  are  rather  low,  but  all  of  the  water 
passes  beneath  the  bridge  during  floods.  Records  of  discharge  may 
be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
59;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  201;  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  146.  The  following  measure- 
ments were  made  by  E.  W.  Myers  during  1899: 

MecuuremenUt  of  Yadkin  Rit^er  at  Salisbury ^  North  Caroluia, 


Date. 


isoe 

Febrnsry  9 
March  20... 
April  U.... 
June  8 


hSSK.  i>i»ci>*w- 


Feet. 
0.00 

18.80 
3.75 
2.80 


Sec-feet. 

14,781 

115,060 

8,795 

4,204 


Date. 


1890. 

June  9 

October  4 

November  24 
December  14. 


Gai 


heilft.  pi-chargo. 


Feet.     I  Sec-feet. 
2.38      4,204 


1.70 
1.70 
3.00 


1,847 
1.957 
5,052 


Daily  gage  height,  infeety  of  Yadkin  River  at  Salisbury,  North  Carolina,  for  ISffO, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.00 

8.20 

4.70 

4.80 

3.10 

2.40 

2.20 

2.80 

2.00 

1.60 

2.00 

1.90 

2 

2.00 

3.00 

4.00 

8.90 

3.10 

2.90 

2.10 

2.80 

2.10 

1.60 

2.20 

1.90 

8 

2.10 

2.90 

0.10 

8.80 

3.10 

2.00 

2.10 

2.20 

2.20 

1.00 

2.20 

1.90 

4 

2.00 

2.90 

8.00 

4.10 

3.10 

2.00 

2.60 

2.00 

2.10 

1.00 

2.40 

1.80 

6 

8.10 

7.60 

8.00 

4.20 

8.00 

2.50 

8.20 

2.00 

2.10 

1.70 

2.20 

1.80 

0 

4.00 

8.75 

7.15 

4.70 

2.90 

2.40 

2.60 

1.80 

1.90 

1.70 

2.00 

1.80 

7 

10.20 

10.10 

5.90 

4.80 

8.20 

2.40 

2.80 

1.80 

1.80 

1.80 

1.90 

1.80 

8 

5.90 

9.20 

4.10 

7.80 

4.40 

2.40 

2.30 

2.80 

1.70 

2.90 

1.90 

1.70 

9 

4.80 

0.80 

8.90 

5.90 

4.00 

2.40 

2.20 

2.10 

1.70 

3.00 

1.80 

1.70 

10 

4.00 

4.00 

8.70 

4.70 

3.50 

3.10 

2.20 

2.00 

2.20 

2.40 

1.70 

1.70 

11 

8.00 

8.80 

8.60 

4.20 

3.40 

a80 

2.10 

2.00 

2.00 

2.10 

1.70 

1.70 

12 

4.40 

3.40 

8.40 

8.80 

8.30 

3.80 

2.10 

1.90 

1.90 

1.90 

1.70 

2.00 

13 

4.00 

2.90 

8.80 

8.80 

4.10 

4.80 

2.00 

2.10 

1.90 

1.90 

1.70 

3.80 

14 

4.50 

2.90 

5.20 

3.80 

4.10 

3.90 

2.00 

2.00 

1.70 

2.00 

1.70 

3.40 

16 

4.40 

2.20 

8.60 

3.70 

8.00 

8.20 

1.90 

1.90 

1.70 

1.90 

1.70 

2.90 

10 

4.10 

3.00 

12.40 

3.70 

8.10 

2.00 

1.90 

1.90 

1.00 

1.80 

1.70 

2.10 

17 

3.70 

5.10 

7.90 

8.00 

8.00 

2.60 

1.90 

1.80 

1.00 

1.80 

1.70 

2.00 

18 

3.50 

0.00 

0.70 

8.50 

8.00 

2.40 

2.80 

1.70 

1.00 

1.80 

1.70 

1.90 

19 

8.20 

5.00 

12.00 

8.40 

2.90 

2.40 

2.20 

1.70 

1.60 

1.80 

1.70 

1.90 

20 

8.10 

4.00 

17.80 

3.40 

2.80 

2.80 

2.10 

1.80 

4.20 

1.80 

1.70 

1.90 

21 

2.80 

4.00 

13.75 

3.40 

2.70 

2.30 

1.90 

1.00 

2.90 

1.80 

1.70 

1.70 

22 

2.90 

8.90 

0.60 

8.80 

2.70 

2.80 

1.90 

1.00 

2.20 

1.80 

1.70 

1.70 

23 

2.80 

8.00 

5.80 

8.20 

2.90 

2.80 

1.90 

1.00 

1.90 

1.70 

1.70 

1.70 

24 

2.90 

8.10 

4.80 

3.20 

3.00 

2.20 

1.90 

1.50 

1.70 

1.70 

1.70 

2.00 

25 

2.80 

3.10 

4.40 

8.80 

2.80 

2.20 

2.00 

1.60 

1.70 

1.70 

1.70 

2.40 

20 

2.80 

8.00 

4.80 

4.10 

2.70 

2.80 

2.70 

1.50 

1.70 

1.70 

1.70 

2.40 

27 

2.80 

5.40 

5.40 

4.10 

2.70 

3.00 

4.80 

1.00 

1.70 

1.70 

1.80 

2.10 

28 

2.90 

7.80 

5.40 

3.«) 

2.00 

2.00 

8.20 

2.00 

1.00 

1.70 

1.80 

1.90 

29 

2.80 

0.80 

8.40 

2.00 

2.40 

3.00 

2.20 

1.00 

1.70 

1.90 

1.80 

80 

2.70 

5.80 

8.80 

2.00 

2.20 

2.80 

2.20 

1.60 

1.70 

1.90 

1.80 

31 

3.80 

4.60 

....... 

2.60 

3.60 

1.90 

1.70 



1.70 

Yadkin  River,  after  passing  the  State  line  into  South  Carolina,  is 
Icnown  as  Pedee  River.  The  United  States  Weather  Bureau  has 
mnintained  a  station  at  Cheraw,  South  Carolina,  on  Pedee  River.  The 
gage  is  a  pine  timber  attached  to  the  Cheraw  toll  bridge.  The  top 
of  the  rail  on  the  Cheraw  and  Darlington  Railroad  bridge  is  58  feet 
»l)ove  zero  of  gage.  The  highest  water  was  37.3  feet  on  March  11, 
1875;  lowest,  0.0  feet,  in  August,  1866.  The  danger  line  is  at  27  feet. 
The  drainage  area  at  this  point  is  6,960  square  miles,  according  to 
IRE  36 2 


118  OPERATIONS   AT   RIVER   STATIONS,  1899. ^PART   II.  ["o-SB. 

the  United  States  Weather  Bureau.  The  second  river-height  station 
maintained  by  the  United  States  Weather  Bureau  at  Smiths  Mills, 
South  Carolina,  is  100  miles  below  Cheraw  and  45  miles  above  the 
mouth  of  the  river.  The  gage  is  a  1  by  6  inch  pine  timber  attached 
to  the  central  front  wooden  pier  of  the  E.  P.  Smith  wharf.  The  ssero 
of  the  gage  is  25  feet  below  the  doorsill  of  the  house  adjoining  the 
wharf.  The  highest  water  was  16  feet  in  September,  1893;  the  low- 
est, —  0.4  foot,  on  October  22,  1895.     The  danger  line  is  at  16  feet. 

YADKIN  RIVER  AT  NORWOOD,  NORTH   CAROLINA. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  60,  was  established  by  E.  W.  Myers  September  1,  1896.  It  is  at 
Blalocks  Ferry,  1  mile  above  Richland  Creek  and  about  2  miles  from 
Norwood,  North  Carolina.  The  gage  is  a  vertical  rod  divided  into 
feet  and  tenths,  and  is  securely  spiked  and  braced  to  an  overhanging 
tree  near  the  ferry.  The  rod  is  referred  to  a  bench  mark  consisting 
of  .a  large  nail  driven  into  the  root  of  a  birch  tree  about  50  feet  north- 
west of  the  rod.  The  zero  of  the  gage  rod  is  5.93  feet  below  the  bench 
mark.  The  river  here  is  broad  and  shallow  with  smooth  bottom  of 
sand  and  gravel,  giving  a  good  section  for  discharge  measurements, 
which  are  taken  from  the  ferryboat.  The  channel  is  straight  and  free 
from  all  obstructions.  The  current  is  swift  and  the  depth  of  the  water 
uniform,  except  at  a  point  about  100  feet  from  the  right  bank  where 
the  water  is  deep  and  very  sluggish.  The  banks  are  low,  and  at  the 
time  of  highest  flood  are  overflowed  for  a  distance  of  half  a  mile.  The 
observer  is  W.  B.  Nichols,  of  Norwood,  North  Carolina,  a  farmer,  who 
also  carries  the  mail.  Records  of  discharge  may  be  found  as  follows: 
1806,  Eighteenth  Annual  Report,  Part  IV,  page  61;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  203;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  147.  Measurements  made  by  E.  W.  Myers  during  1899 
are  as  follows: 

April  9,  gage  height,  8.40  feet;  discharge,  10,581  second-feet 
Jane  8,  gage  height,  1.95  feet;  discharge,  4,474  second-feet. 
Jane  9,  gage  height,  1.95  feet;  discharge,  4,474  second-feet. 
October  C,  gage  height,  1.35  feet;  discharge,  2,629  %econd-feet. 
October'6,  gage  height,  1.33  feet;  discharge,  2,619  second-feet. 
December  15,  gage  height,  2.23  feet;  discharge,  6,299  second-feet. 

The  following  table,  computed  by  E.  W.  Myers,  shows  the  compara- 
tive run-off  of  the  Yadkin  River  at  Salisbury  and  Norwood.  At  the 
former  point  the  area  drained  is  3,399  square  miles,  and  at  the  latter 
station  4,614  square  miles.  The  table  is  of  interest  on  account  of  the 
close  results,  especially  in  the  run-off  of  second-feet  per  square  mile 
between  the  two  stations,  which  are  about  50  miles  apart  and  have  a 
difference  in  drainage  area  of  1,215  square  miles.  The  footnotes  at 
the  bottom  of  the  table  should  be  studied  in  the  same  connectioD,  as 
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the  two  stations  were  not  established  at  the  same  time,  and  in  the  first 
part  of  the  record  are  not  entirely  comparable.  The  table  should  be 
compared  with  a  similar  table  for  the  Catawba  River  at  Catawba  and 
Rock  Hill  stations,  given  on  page  122. 

Table  showing  comparative  minimum  flows  for  Yadkin  River  at  Salisbury  and 

Norwood^  North  Carolina, 


Year. 

Driest  month. 

Mean  flow  for 
driest  month. 

Mean  flow  for 

driest  month 

per  square 

mJle. 

Minimum  flow 
for  year. 

Minimum  flow 
for  year  per 
square  mile. 

Salifl- 
bnry. 

Nor- 
wood. 

SaUfi- 
bnry. 

Nor- 
wood. 

SaUs- 
bury. 

Nor- 
wood. 

Salis- 
bury. 

Nor- 
wood. 

Salis- 
bury. 

Nor- 
wood. 

•      til 
1            III 

Oct 

Ang 

Sept.... 
Jane . . . 
Sept.d. 

(a) 
Rept.6.. 
Sept.... 
June ... 
Oct 

Sec-ft 
1,426 
2,411 
1,727 
1,832 
2,838 

Sec-ft. 
(a) 

62,400 
1,822 
2,626 
2,886 

Sec-ft. 
0.42 
.71 
.61 
.64 
.60 

Sec  ft. 

bO% 
.30 
.67 
.61 

Sec-ft. 
1,400 
1,000 
900 
1,100 
1,300 

Sec-ft. 

61,^ 
1,310 

cl.880 
1,790 

Sec-ft. 
0.41 
.20 
.26 
.82 
.38 

Sec-ft. 
(a) 

60.31 
.28 
.30 
.30 

a  Station  not  established  during  this  year. 

6  Not  directly  comparable.    Station  not  established  until  September. 

c  Minimum  flow  not  in  month  of  lowest  mean  flow,  but  in  July. 

d  Figures  for  Norwood  station  for  September  are  as  follows:  Mean  flow,  3,34<rcubic  feet  per 
second,  0.726  second- feet  per  square  mile;  minimum  flow,  2,080  second -feet,  0.451  second-feet  per 
square  mile. 

NoTis.— For  1897,  where  the  difference  is  most  marked,  there  is  a  higher  stage  of  water  reported 
from  the  Salisbury  station  than  at  the  Norwood  station,  the  crest  of  the  flood  probably  paasing 
the  latter  station  at  night.  Had  this  been  noted,  it  would  further  increase  the  mean  flow  for 
this  station. 

Daily  gage  height j  in  feetj  of  Yadkin  River  at  Norwood^  North  Carolina^  for  1890. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1  .... 

2.80 

8.00 

4.50 

2.60 

2.10 

1.90 

2.70 

1.50 

1.80 

1.70 

1.20 

2 

4.30 

2.90 

3.70 

2.60 

2.20 

1.80 

2.20 

1.70 

1.20 

1.90 

1.20 

8 

3.80 

2.60 

4.30 

2.70 

2.60 

1.70 

2.70 

1.20 

1.20 

1.80 

1.60 

4 

2.80 

2,70 

6.70 

2.60 

2.10 

1.70 

1.70 

1.80 

1.20 

1.70 

1.60 

5 

2.50 

8.00 

7.60 

2.50 

2.10 

8.00 

1.20 

1.80 

1.10 

1.90 

1.50 

6  .... 

2.40 

10.60 

6.10 

««•■«*  • 

2.40 

2.00 

3.00 

1.60 

1.70 

1.80 

1.80 

1.40 

7 

7.80 

10.20 

4.10 

2.60 

2.00 

2.20 

1.50 

1.60 

1.40 

1.70 

1.40 

8 

0.00 

9.60 

4.00 

3.20 

1.90 

2.00 

1.60 

1.40 

2.00 

1.70 

1.30 

0 

7.00 

7.40 

3.80 

8.40 

3.60 

2.00 

2.00 

1.80 

1.80 

2.20 

1.80 

1.30 

10 

8.80 

4.60 

8.40 

8.00 

8.00 

2.10 

1.90 

1.70 

1.70 

2.40 

1.40 

1.40 

11 

8.10 

3.20 

2.00 

2.90 

8.00 

8.40 

1.90 

1.60 

1.90 

2.10 

1.40 

1.40 

12.... 

3.00 

8.10 

2.10 

2.80 

2.80 

8.60 

1.60 

1.50 

1.70 

1.70 

1.40 

2.40 

13 

2.90 

3.00 

2.40 

2.80 

4.60 

8.40 

1.60 

1.80 

1.50 

1.40 

1.40 

8.10 

14 

4.20 

2.40 

8.10 

2.70 

4.00 

3.80 

1.60 

1.70 

1.60 

1.30 

1.40 

3.10 

15 

4.50 

2.80 

8.10 

2.70 

8.60 

8.00 

1.60 

1.60 

1.60 

1.60 

1.40 

2.40 

16.... 

3.90 

5.60 

10.40 

8.40 

2.80 

2.50 

1.60 

1.50 

1.40 

1.50 

1.40 

2.10 

17 

a80 

5.80 

10.30 

8.00 

2.60 

2.20 

1.60 

1.60 

1.20 

1.60 

1.80 

l.HO 

18 

3.80 

6.90 

8.80 

2.80 

2.40 

2.10 

1.60 

1.40 

1.60 

1.40 

1.30 

1.30 

10 

3.10 

5.60 

(a) 

2.80 

2.20 

2.00 

1.80 

1.40 

1.80 

1.40 

1.20 

1.20 

20 

2.80 

6.00 

2.70 

2.60 

2.00 

1.60 

1.80 

1.20 

1.40 

1.30 

1.20 

21 

2.60 

4.20 

2.70 

2.80 

1.90 

1.60 

1.30 

8.00 

1.40 

1.40 

1.50 

22 

2.50 

3.60 

2.60 

2.20 

1.90 

1.40 

1.40 

2.80 

1.30 

1.30 

1.60 

23 

2.40 

8.60 

2.50 

2.40 

1.90 

1.40 

1.30 

1.70 

1.80 

1.40 

1.60 

24 

2.30 

8.40 

2.40 

2.60 

1.80 

1.50 

1.20 

1.70 

1.20 

1.40 

1.80 

25 

2.60 

2.90 

2.30 

2.50 

1.70 

1.70 

1.20 

1.40 

1.30 

1.30 

2.10 

:96 

2.40 

8.80 

2.80 

2.80 

1.70 

1.60 

1.20 

1.30 

1.20 

1.80 

2.10 

27 

2.40 

5.90 

3.,50 

2.20 

2.40 

4.00 

1.20 

1.30 

1.20 

1.30 

1.70 

28 

2.80 

7.60 

8.10 

2.10 

2.30 

2.00 

1.20 

1.40 

1.20 

l.aO 

1.80 

20 

80 

81 

2.80 
2.20 
2.70 

2.80 
2.70 

2.10 
2.20 
2.20 

2.10 
2.UU 

2.60 
2.80 
2.10 

1.00 
1.80 
2.00 

l.SO 
120 

1.20 
1.20 
1.70 

1.70 
1.70 

1.20 
1.20 

a  No  readings  March  19  to  April  8;  gage  washed  out  by  flood. 
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CATAWBA  RIVER  AT  CATAWBA,   NORTH  CAROLINA. 

This  river  rises  in  the  west-central  part  of  North  Carolina  and  flows 
in  a  general  southerly  direction  into  South  Carolina,  where  it  empties 
into  Santee  River.  At  a  number  of  points  along  this  river  there 
are  water  powers  which  may  be  developed.  Near  its  source  Catawba 
River  flows  through  a  mountainous  country,  which  becomes  flatter  as 
the  South  Carolina  line  is  approached.  The  greater  part  of  its  water- 
shed is  covei*ed  with  woodland  or  forest.  The  drainage  area  above 
Catawba  is  entirely  mapped  on  the  Hickory,  Morganton,  Wilkesboro, 
Mount  Mitchell,  and  Cranberry  atlas  sheets.  Systematic  measure- 
ments have  been  made  on  the  Catawba  at  Catawba,  North  Carolina, 
and  near  Rockhill,  South  Carolina.  The  station  at  Catawba,  iis 
described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  64,  was 
establishe<l  by  E.  W.  Myers,  July  4,  1896,  at  the  Southern  Railway 
bridge,  about  one-half  mile  from  Catawba,  North  Carolina.  The 
river  is  straight  for  several  miles  above  and  below  the  bridge;  the 
current  is  swift  and  evenly  distributed  across  the  stream.  The  chan- 
nel is  obstructed  by  three  piers,  riprap,  and  two  trestles  of  false 
work.  At  time  of  highest  water  the  west  bank  overflows  slightly  and 
the  sandy  bed  outs  out  in  places.  The  observer  is  C.  A.  Reed,  jr.,  a 
clerk  in  the  post-ofiice  at  Catawba,  North  Carolina.  Discharge  meas- 
urements are  made  from  the  plank  walk  underneath  the  bridge.  The 
railway  bridge  here  is  a  deck  bridge,  and  the  gage  was  located  on  a 
footway  which  was  laid  along  the  lower  system  of  bracing.  When 
the  station  was  visited,  in  October,  1899,  it  was  discovered  that  the 
span  on  which  the  gage  was  located  was  to  be  removed,  so  it  became 
necessary  to  move  the  gage  rod,  which  was  done  as  follows: 

A  small  temporary  gage  was  installed  to  discover  B,ny  change  in  the 
stage  of  the  river  while  the  gage  was  being  removed.  The  distance 
from  the  weight  to  the  pointer  on  the  wire  was  measured  and  found 
to  be  correct  when  the  gage-reading  was  taken  and  recorded,  as  was 
also  the  reading  of  the  temporary  gage.  The  rod  was  then  moved  to 
the  position  which  was  chosen  for  it,  and  securely  fastened  to  the  g^uard 
rail  on  the  downstream  side  and  on  the  second  span  of  the  bridge 
from  the  west.  The  zero  of  the  rod  is  over  the  center  of  the  second 
floor  beam  from  the  west  end  of  the  second  span  from  the  west  end  of 
the  bridge.  From  the  zero  of  the  rod  to  the  outer  rim  of  the  pulley 
wheel  is  2.6  feet.  The  small  temporary  gage  was  then  read  and  it 
was  found  that  the  reading  was  unchanged,  so  the  gage  in  its  new 
position  was  given  the  same  reading  as  it  had  before.  The  length  of 
the  wire  tope  from  the  end  of  the  weight  to  the  pointier  on  the  wire 
was  then  measured  and  found  to  be  55.25  feet.  Records  may  be  found 
as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  65;  1897, 
Nineteenth  Annual  Report,   Part  IV,   page  214;    1898,   Twentieth 
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Annual  Report,  Part  TV,  page  149.     The  following  measurements 
were  made  by  E.  W.  Myers  during  1899: 

February  24,  gage  height,  8.36  feet;  discharge,  3,598  second-feet. 
February  24,  gage  height,  3.28  feet;  discharge,  8,690  second-feet. 
Jane  10,  gag^  height,  2.94  feet;  discharge,  2,820  seoond-feet. 
October  9,  gage  height,  2.36  feet;  discharge,  1,716  second-feet. 
November  23,  gage  height,  2.20  feet;  discharge,  1,118  second-feet. 
December  16,  gage  height,  2l66  feet;  discharge,  2,153  second-feet. 

Daily  gage  height ,  in  feet,  of  GatavJba  River  at  Catawba,  North  Carolina,  for  1899, 


Day. 


1.. 

2.. 

8.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.- 
13.. 
U.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20  . 
21.. 
22.. 
23.. 
24.. 
25.. 
20.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


3.50 
3.10 
3.00 
2.80 
2.80 
6.20 
8.00 
4.70 
4.40 
4.00 
3.90 
3.90 
3.80 
3.50 
3.80 
3.60 
3.80 
8.10 
3.00 
2.90 
2.80 
2.70 
2.70 
2.70 
3.00 
2.86 
2.70 
2.70 
2.70 
2.70 
2.70 


Feb. 


2.70 
2.70 
2.80 

10.00 
8.60 
9.60 
9.10 
6.60 
6.60 
4.30 
3.60 
8.80 
2.90 
2.90 
2.90 
4.20 
7.30 
6.00 
4.30 
4.00 
8.75 
3.60 
3.40 
3.26 
8.20 
3.70 

13.30 
6.00 


Mar. 


6.46 
4.30 
4.00 
4.00 
7.40 
6.90 
4.30 
4.16 
4.00 
3.80 
3.70 
8.60 
8.66 
8.60 
16.50 
11.10 
6.70 
6.80 
28.80 
16.80 
7.30 
6.90 
6.90 
6.80 
4.80 
4.70 
6.60 
6.60 
6.00 
6.50 
5.00 


Apr. 


4.65 
4.40 
8.90 
8.95 
4.60 
4.40 
6.70 
8.90 
6.75 
6.10 
4.60 
4.80 
4.10 
4.00 
8.90 
8.80 
3.70 
8.60 
8.60 
8.50 
8.60 
8.50 
8.60 
8.50 
3.70 
4.50 
4.25 
8.60 
8.40 
8.80 


May. 


3.40 
8.40 
8.86 
8.80 
8.80 
8.25 
4.90 
4.70 
4.25 
8.86 
8.60 
8.75 
6.10 
3.80 
8.60 
8.40 
8.20 
8.06 
3.00 
2.96 
2.90 
2.96 
8.00 
2.90 
2.86 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 


June. 


2.96 
2.00 
2.90 
2.80 
2.76 
2.70 
2.66 
2.60 
3.85 
2.92 
2.90 
8.86 
8.26 
8.16 
8.06 
2.96 
2.90 
2.90 
2.80 
2.70 
2.60 
2.60 
2.40 
2.30 
2.80 
2.60 
2.60 
2.40 
2.40 
2.40 


July. 


2.40 
2.36 
2.30 
2.80 
2.36 
2.40 
2.60 
2.60 
2.50 
2.40 
2.40 
2.35 
2.80 
2.2U 
2.20 
2.20 
2.20 
2.25 
2.20 
2.18 
16 
15 


2. 
2. 


2.15 
2.16 
2.16 
3.70 
8.80 
2.70 
2.40 
2.36 
2.30 


Aug. 


2.20 
2.25 
2.20 
2.16 
2.10 
2.10 
2.30 
2.40 
2.36 
2.80 
2.60 
2.40 
2.40 
2.00 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.06 
2.03 
2.06 
2.10 
2.25 
2.36 
4.00 


Sept 


2.40 
2.90 
2.75 
2.60 
2.40 
2.20 
2.20 
2.25 
2.80 
2.60 
2.40 
2.20 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.86 
2.80 
2.16 
2.00 
2.00 
2.00 
2.00 
1.96 
1.95 
2.00 
2.00 
1.96 


Oct 


1.95 
1.85 
1.95 
1.90 
1.90 
2.00 
2.1'J 
2.20 
2.86 
2.80 
2.26 
2.20 
2  18 
2.16 
2.10 
2.06 
2.06 
2.06 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.06 
2.06 
2.06 
2.06 
2.08 
2.00 
2.06 


Kov. 


2.10 
2.15 
2.10 
2.16 
2.20 
2.18 
2.18 
2.16 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.06 


2. 
2. 

2. 
2. 


06 
06 
05 
00 
2.00 
2.00 
2.00 
2.00 
2.06 
2.05 
2.05 
2.10 
2.10 


Dec 


2. 
2. 
2. 
2. 


2.10 
2.16 
2.15 
2.16 
2.15 
16 
10 
10 
10 
2.10 
2.15 
6.50 
6.10 
8.30 
2.90 
2.60 
2.65 
2.50 
2.50 
2.46 
2.35 
2.^ 
8.00' 
3.10 
3.10 
3.06 
3.05 
3.06 
8.00 
8.50 
3.65 


CATAWBA  RIVER  AT  ROCKHILL,    SOUTH   CAROLINA. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  61,  was  established  by  C.  C.  Babb  September  3,  1895.  It  is 
located  at  the  bridge  of  the  Southern  Railway,  3  miles  south  of  Fort 
Mill,  South  Carolina,  and  is  about  60  miles  below  the  Catawba  station. 
The  gage  is  fastened  to  the  upper  side  of  the  guard  rail,  the  2-foot 
mark  of  the  rod  being  over  the  center  of  the  second  vertical  of  the 
second  truss  from  the  south  end  of  the  bridge.  The  bench  mark  is 
described  in  Water-Supply  Paper  No.  15,  page  35.  The  length  of  the 
gage  was  verified  December  18,  1899,  when  it  was  found  to  have 
stretched  0.4  foot.  The  gage  heights  as  published  are  corrected  for 
this  error.  This  station  is  reached  from  Rockhill  b}^  private  convey- 
ance. The  channel  is  straight,  current  swift,  and  flow  uninterrupted. 
The  banks  are  not  subject  to  overflow  and  all  of  the  water  is  confined 
to  one  channel.  The  bed  of  the  stream  is  solid  rock  and  very  rough. 
The  current  is  at  an  angle  with  the  bridge.     Altogether  the  section 
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is  a  poor  one.  W.  A.  Morris,  a  farmer  at  Rockhill,  is  the  observer. 
Records  of  flow  can  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  63;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  214;  1898,  Twentieth  Annual  Report,  Part  IV,  page  160.  The 
following  measurements  were  made  by  £.  W.  Myers  during  1899: 

Febraary  2S,  gage  height,  8.10  feet;  discharge,  8,986  second-feet. 
Jane  13,  gage  height,  2.45  feet;  discharge,  6,065  second-feet 
October  8,  gage  height,  1.60  feet;  discharge,  2,104  second-feet 
December  18,  gage  height,  2.00  feet;  discharge,  2,848  second-feet 

The  table  below  was  computed  by  K.  W.  Myers,  and  shows  the  com- 
parative minimum  flows  of  Catawba  River  at  Catawba  and  Rock- 
hill  stations,  which  are  about  60  miles  apart.  The  drainage  area  at 
Catawba,  North  Carolina,  is  1,535  square  miles,  and  at  the  lower 
point,  or  Rockhill,  South  Carolina,  it  is  2,987  square  miles.  This 
table  is  comparable  with  the  one  for  Yadkin  River,  shown  on  page 
119,  and  it  will  be  seen  that  the  run-off  per  square  mile  does  not  vary 
to  any  greater  extent  than  one  would  expect.  The  Catawba  station 
was  not  established  until  the  year  following  the  one  at  Rockhill,  so 
that  the  results  can  not  be  compared  in  the  early  part  of  the  record. 
These  facts  are  brought  out  in  the  footnotes  at  the  bottom  of  the 
tables. 

Table  showing  the  comparative  minimuin  flows  for  Catawba  River ^  Cattxwba 

and  Rockhill  stations. 


Ytsar. 

1805.. 
1806.. 
1897.. 
1898.. 
1890.. 

Driest  month. 

Mean  flow  for 
driest  month. 

Mean  flow,  dri- 
est month,  per 
square  mile. 

Minimum  flow 
for  year. 

Minimum  flow 
for  year  per 
square  mile. 

Rock- 
bill. 

Ciitaw- 
ba. 

Rock- 
hill. 

Cataw- 
ba. 

Rock- 
hill. 

Cataw- 
ba. 

Rock- 
hill. 

Cataw- 
ba. 

Rock-  Cataw- 
hilL        ba. 

p 

Sept.  a.. 

Sec-ft. 
1,818 
1,604 
1,817 
2,001 
2,402 

Sec-ft. 

'"m 

1.017 
1,060 
1,840 

Sec-ft. 
0.441 
.54 
.61 
.70 
.835 

Sec-ft. 

■  aw" 

.66 
.60 
.878 

Sec-fi. 

hmo 

61,380 

el.575 

1,600 

2,800 

Sec-ft. 

""m 

<i860 

010 

1,220 

1 

Sec-Q.    Sec-ft. 

Aug: 

Sept.... 
June . . . 
Nov.... 

Oct  .... 
Sept.... 
June ... 
Nov.... 

.445        0.5U1 
.528  1       .STiS 
.535  ,        .592 
.771)          .7W 

a  Seven  days'  record. 

6  Also  in  July,  Augrust,  and  September. 

c  Minimum  occurred  in  January.  September  minimum  was  1,700  second-feet,  or  O.SQO  second- 
foot  per  bquare  mile. 

d  Minimum  in  October.  September  minimum  900  second-feet,  or  0.579  second-foot  per  square 
mile. 


SOUTH   CAROUNA. 


123 


Daily  gage  height,  in  feet,  of  Catawba  River  at  Rockhillf  South  Carolina,  for  1899, 


D^j.  ■ 

Jan. 

Feb. 

Mar. 
6.20 

Apr. 

May. 

Jane. 

Jaly. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.20 

2.40 

4.00 

'  2.80 

2.20 

2.10 

2.10 

2.00 

1.70 

1.90 

1.70 

2 

2.80 

2.  SO 

4.10 

3.70 

2.80 

2.20 

2.00 

2.00 

3.50 

1.60 

1.80 

1.70 

8 

2.00 

2.80 

3.40 

8.40 

2.70 

2.40 

2.00 

1.90 

2.60 

1.60 

1.70 

1.60 

4 

2.30 

2.80 

3.40 

8.26 

2.70 

2.40 

1.85 

1.90 

2.10 

1.60 

2.10 

1.60 

5 

2.:X) 

7.90 

4.80 

4.80 

2.60 

2.26 

1.80 

1.90 

2.10 

1.50 

1.80 

1.60 

0 

2.21) 

10.75 

4.10 

4.20 

2.60 

2.20 

1.80 

1.80 

2.00 

1.60 

1.70 

1.00 

7 

8.30 

11.70 

4.80 

8.80 

2.60 

2.20 

1.80 

1.70 

^■00 
2.60 

1.80 

1.60 

1.60 

8 

8.00 

10.20 

3. 70 

6.20 

8.80 

2.15 

1.90 

1.70 

2.40 

1.60 

1.01) 

9 

5.10 

6.20 

8.20 

6.90 

3.80 

2.10 

2.00 

1.80 

1.90 

2.10 

1.60 

1.60 

10 

8.30 

4.80 

8.10 

4.80 

8.10 

2.10 

2.00 

2.00 

2.80 

1.80 

1.60 

1.70 

11 

2.80 

8.50 

2.90 

4.00 

2.90 

2.50 

1.90 

2.20 

2.60 

1.80 

1.60 

1.00 

12 

2.86 

8.10 

2.90 

3.70 

2.80 

2.50 

1.90 

2.40 

2.10 

L70 

1.60 

2.80 

13 

2.70 

2.80 

2.80 

3.60 

2.70 

2.40 

1.80 

2.20 

1.80 

1.70 

1.60 

8.30 

14 

8.10 

2.60 

2.60 

3.40 

4.80 

2.90 

1.80 

1.90 

1.80 

1.70 

1.00 

8.60 

15 

8.60 

2.60 

7.56 

8.80 

3.40 

2.60 

1.80 

1.80 

1.80 

1.70 

1.60 

.2.60 

16 

8.80 

8.  IP 

14.06 

8.15 

2.90 

2.35 

1.80 

1.80 

1.70 

1.70 

1.60 

2.20 

17 

2.96 

5.80 

12.00 

8.20 

2.70 

2.20 

1.80 

1.80 

1.70 

1.70 

1.60 

2.10 

18 

2.80 

6.60 

6.70 

8.10 

2.60 

2.06 

1.80 

1.80 

1.55 

1.70 

1.50 

2.  a) 

19 

2.70 

4.80 

6.30 

3.10 

2.55 

2.06 

1.80 

1.80 

1.60 

1.70 

1.60 

2.20 

20 

2.60 

8.90 

16.86 

8.00 

2.56 

2.06 

1.80 

1.70 

1.80 

1.70 

1.60 

210 

21 

2.60 

8.40 

14.20 

2.90 

2.50 

2.00 

2.10 

1.70 

2.00 

1.70 

1.50 

2.10 

28 

2.40 

8.80 

6.70 

2.86 

2.40 

2.00 

1.80 

1.60 

1.90 

1.70 

1.60 

2.10 

23 

•J.  40 

8.10 

4.40 

2.80 

2.40 

2.00 

1.80 

1.60 

1.70 

1.70 

1.70 

200 

24 

i.'M 

8.10 

4.40 

2.80 

2.60 

2.00 

1.70 

1.6U 

1.70 

1.60 

1.70 

2. 70 

26 

^.40 

2.90 

4.00 

2.80 

2.50 

2.00 

1.80 

1.60 

1.60 

1.60 

1.70 

2.70 

26 

2.40 

2.80 

8.70 

8.50 

2.40 

2.00 

1.90 

1.60 

1.60 

1.60 

1.90 

2.70 

27 

2.40 

6.99 

4.66 

8.85 

2.86 

2.00 

2.50 

1.50 

1.60 

1.60 

1.80 

2.40 

28 

2.80 

10.40 

6.50 

8.80 

2.85 

2.15 

2.70 

1.60 

1.60 

1.60 

1.70 

2.10 

» 

2.80 

6.20 

8.00 

2.86 

2.20 

2.05 

2.20 

1.70 

1.60 

1.70 

2.10 

ao 

2.80 

5.80 

2.90 

2.80 

2.10 

2.00 

2.10 

1.70 

1.60 

1.70 

2.10 

31 

2.20 

4.40 

2.80 

2  20 

1.90 

1.80 

2.00 

Catawba  River  in  South  Carolina  is  known  as  Wateree  River.  It 
unites  with  Congaree  River  to  form  the  Santee.  The  United  States 
Weather  Bureau  has  maintained  a  station  at  Camden,  South  Caro- 
lina, on  Wateree  River,  43  miles  above  its  mouth.  The  gage  is  a 
pine  timber  attached  to  the  central  granite  pier  of  the  South  Carolina 
and  Georgia  Extension  Railroad  bridge.  The  top  of  the  rail  on  the 
bridge  is  47.0  feet  above  zero  of  gage.  The  highest  water  recorded 
was  31.5  feet,  in  September,  1886;  the  lowest,  0.0  feet,  in  June,  1884. 
The  danger  line  is  at  24  feet.  The  drainage  area  at  this  point, 
according  to  the  Weather  Bureau,  is  2,635  square  miles. 


BROAD   RIVER  AT  GAFFNEY,   SOUTH  CAROLINA. 

Broad  River  rises  on  the  eastern  slope  of  the  Blue  Ridge  Mountains, 
near  Hickorynut  Gap,  in  the  west-central  part  of  North  Carolina,  and 
flowing  in  a  general  southeasterly  direction  unites  with  Saluda  River 
above  Columbia,  South  Carolina,  to  form  the  Congaree.  The  drainage 
area  comprises  about  4,950  square  miles,  of  which  3,550  are  in  South 
Carolina  and  1,400  in  North  Carolina,  and  is  partly  mapped  on  the 
Morganton,  Mount  Mitchell,  and  Saluda  atlas  sheets.  The  upper  part 
of  its  basin  is  rough,  broken  country  largely  covered  with  forests. 
In  South  Carolina  the  topography  is  flatter  and  for  the  greater  part 
the  land  is  under  cultivation.  Broad  River  receives  a  number  of 
important  tributaries,  but  there  are  no  towns  of  importance  along  it. 
There  are  a  number  of  sites  for  the  possible  development  of  water 
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power  along  its  course,  the  most  important  of  which  are  described  in 
the  Nineteenth  Annual  Repoi-t,  Part  lY,  page  215.  Systematic  meas- 
urements of  the  flow  have  been  made  at  Gaffney,  South  Carolina,  15 
miles  below  the  North  Carolina  line,  and  at  Alston,  20  miles  above 
Columbia,  South  Carolina.  The  station  at  Gaffney,  described  in  the 
Eighteenth  Annual  Report,  Part  IV,  page  65,  was  established  by  E.  W. 
Myers  July  1,  1896,  and  was  located  at  the  Southern  Railway  bridge, 
about  3  miles  from  Gaffney,  South  Carolina.  This  station  was  main- 
tained until  October  25,  1898,  when  the  gage  rod  was  moved  to  Gaff- 
neys  Ferry,  200  yards  above  the  bridge,  as  described  in  Water-Supply 
Paper  No.  27,  page  27.  The  bench  mark  is  described  in  the  same 
paper.  The  velocitj'  is  quite  rapid,  well  distributed  all  the  way  across, 
and  the  channel  is  straight  for  some  distance  above  and  below  the 
station.  The  ferryman,  John  W.  Gaffney,  Gaffney,  South  Carolina, 
was  employed  to  take  charge  of  the  gage.  The  results  of  discharge 
measurements  are  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  66;  1897,  Nineteeth  Annual  Report,  Part  IV,  page  220. 
The  following  measurements  were  made  by  E.  W.  Myers  during  1899: 

February  10,  gage  height,  8.70  feet;  discharge,  4,702  second-feet. 
February  22,  gage  height,  2.25  feet;  discharge,  4,497  second-feet. 
April  15,  gage  height,  3.20  feet;  discharge,  8,510  second-feet. 
June  12,  gage  height,  2.40  feet;  discharge,  2,496  second-feet. 
October  4,  gage  height,  1.70  feet;  discharge,  692  second-feet. 
October  4,  gage  height,  1.70  feet;  discharge,  662  second-feet. 
December  17,  gage  height,  1.65  feet;  discharge,  1,4S5  second-feet. 

Daily  gage  height,  in  feet,  of  Broad  River  at  Oaffney,  South  Carolina^  for  1899, 


Day.  j  Jan. 


1 

t 

3 

4 

5 

6 

7. 

8. 

9 

10 

11 

12 

18 

U 

16 

16 

17 

18 

10 

ao 

21 
22 
23 
24 
25 
26 
27 
28 
29 
8U 
81 


50 
40 
20 
10 
00 
2.80 
8.40 
5.40 
4.60 
3.00 
8.10 
8.00 
8.00 
3.00 
8.20 


Feb. 


10 
90 
80 
2.00 
2.60 
2.80 
2.20 
2.80 
2.20 
2.40 
2.20 
2.20 
2.10 
2.20 
2.20 

2.ao 


2.40 
2.40 
2.80 
2.80 
6.80 
8.20 
10.20 
7.20 


8.70 
8.60 
8.49 
8.10 
8.90 
6.80 
4.80 
8.70 
8.40 
8.10 
8.10 
8.00 
2.80 
2.80 
2.80 
9.80 
7.00 


Mar. 

Apr. 

May. 

6.00 

8.90 

2.80 

3.90 

3.60 

2.80 

8.60 

8.40 

2.60 

8.40 

8.60 

2.60 

8.40 

4.90 

2.70 

8.60 

8.60 

2.70 

8.80 

4.60 

2.60 

8.10 

6.40 

2.60 

8.00 

4.60 

2.60 

3.00 

4.00 

2.40 

2.90 

8.70 

2.40 

2.90 

8.60 

2.40 

2.90 

8.40 

4.60 

8.60 

8.20 

3.70 

9.20 

3.20 

2.80 

10.00 

8.80 

2.70 

8.80 

3.80 

2.40 

5.80 

3.10 

2.40 

12.20 

8.00 

2.40 

11.60 

8.00 

2.20 

6.60 

2.90 

2.50 

6.60 

2.90 

2.20 

4.80 

2.90 

2.20 

4.60 

2.60 

2.20 

4.20 

8.80 

2.20 

4.00 

4.10 

2.10 

4.60 

8.20 

2.10 

4.60 

8.10 

1.90 

5.60 

2.90 

2.00 

4.00 

2.80 

2.20 

4.00 

2.10 

Jnne. 


2.10 
2.10 
2.00 
2.10 
2.10 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
8.20 
2.80 
2.20 
2.10 
2.00 
2.20 
1.80 
1.80 
1.80 
1.70 
1.70 
1.60 
2.00 
1.70 
2.20 
2.10 
2.00 
1.80 


July. 

Aug. 

Sept. 

Oct. 

1.80 

'       1 
1.90 

2.60 

1.30 

1.80 

1.80 

2.00 

1.20 

1.70 

1.80 

1.90 

1.40 

1.70 

1.70 

1.70 

1.80 

1.70 

1.60 

1.60 

1.80 

1.60 

1.60 

1.50 

1.70 

1.70 

1.60 

1.20 

1.00 

1.70 

1.60 

2.00 

1.70 

1.80 

1.60 

2.20 

1.80 

1.80 

2.00 

1.90 

1.80 

1.70 

2.60 

2.00 

1.70 

1.60 

2.10 

1.60 

1.70 

1.60 

1.90 

1.80 

1.60 

1.60 

1.80 

1.80 

1.40 

1.60 

1.90 

1.20 

1.40 

1.60 

1.70 

1.20 

1.60 

1.60 

1.60 

1.20 

1.60 

1.60 

1.60 

1.80 

1.60 

1.60 

1.40 

1.80 

1.60 

1.90 

1:40 

1.40 

1.40 

1.80 

1.80 

1.70 

1.40 

1.70 

1.40 

1.60 

1.80 

1.70 

1.40 

1.40 

1.80 

1.60 

1.60 

1.20 

1.40 

1.60 

1.50 

1.40 

1.80 

1.90 

1.60 

1.60 

1.80 

2.60 

2.60 

1.60 

1.20 

1.90 

1.00 

1.80 

1.80 

1.90 

2.00 

1.40 

1.80 

1.80 

1.90 

1.70 

1.40 

1.80 

2.80 

1.60 

Nov. 


Dec. 


1.60 
1.70 
1.80 
1-60 
1.60 
1.60 
1.60 


1. 
1. 
1. 
1. 
1. 


.60 
40 
.60 
60 
40 
1.36 
1.40 
1.6U 
1.40 
1.60 
1.40 
1.80 
1.80 

i.ao 

1.40 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 


1.40 
1.40 
1.50 
1.50 
1.40 
1.30 
1.40 
1.40 

i.ao 
i.ao 

1.40 

2.ao 

3.50 

3.au 

1.90 
1.80 
1.7U 
1.80 
1.00 


1. 
1. 
1 
1. 


70 
60 
50 
00 
80 
40 
2.90 
S.00 
1.70 
1.00 
1.00 
1.60 
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BROAD   RIVER  AT  ALSTON,    SOUTH   CAROLINA. 

This  Station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  67,  was  established  by  E.  W.  Myers,  July  3,  1896,  and  is  located 
at  the  Southern  Railway  bridge  near  Alston,  South  Carolina,  and  60 
miles  below  the  Gaffney  station.  The  length  of  the  wire  gage  is  42.65 
feet.  The  gage^was  verified  December  19,  1899.  The  section  here 
is  not  a  good  one,  being  broken  by  the  foundations  of  an  old  bridge 
crossing  at  the  same  place  as  the  present  one.  The  bed  is  fiat,  muddy, 
and  somewhat  shifting.  The  river  is  straight  for  a  long  distance 
above  and  below  the  station.  The  current  is  swift  and  the  velocity 
fairly  uniform  across  the  section.  The  observer  is  D.  R.  Elkin,  a 
farmer  of  Alston,  South  Carolina.  Records  of  discharge  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  68; 
1897  and  1898,  Twentieth  Annual  Report,  Part  IV,  page  151.  The 
following  measurements  were  made  by  E.  W.  Myers  in  1899: 

February  19,  gage  height,  10.15  feet;  discharge,  28,930  second-feet. 

June  14,  gage  height,  4.33  feet;  discharge,  6,289  second-feet. 

October  2,  gage  height,  2.14  feet;  discharge,  1*645  second-feet  • 

December  19,  gage  height,  2.91  feet;  discharge,  3,319  second-feet. 

Daily  gage  height,  in  feet,  of  Broad  River  at  Alston,  South  Carolina,  for  1899, 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

35 

26 

27 

28 

20 

80 

81 


Jan. . 


3.42 
3.88 
8.00 
8.43 
8.35 
8.47 
9.60 
14.00 
9.40 
7.10 
5.78 
7.20 
7.85 
6.71 
7.51 
6.10 
6.20 
5.82 
4.70 
4.83 
4.11 
4.00 
8.82 
4.10 
4.20 
4.66 
4.00 
a80 
8.00 
4.10 
4.60 


Feb. 


4.78 

4.60 

4.80 

4.80 

6.90 

13.00 

18.00 

18.60 

12.90 

9.60 

6.78 

5.80 

5.40 

4.86 

4.54 

8.88 

15.80 

12.60 

10.10 

6.84 

6.23 

6.52 

5.61 

5.11 

4.61 

4.62 

18.72 

17.96 


Mar. 


Apr. 


May. 


11.60 
8.00 
6.54 
7.42 
7.42 
10.51 
6.20 
5.53 
5.11 
4.90 
4.79 
4.71 
4.42 
4.60 
6.28 
14.40 
15.80 
10.60 
8.00 
15.80 
18.94 
8.94 
7.00 
7.12 
6.40 
5.90 
5.80 
7.80 
7.72 
7.48 
6.84 


8.88 
6.74 
5.51 
5.80 
6.10 
6.10 
5.61 
8.83 
9.00 
7.14 
6.13 
5.88 
5.40 
5.20 
6.08 
4.90 
4.87 
4.66 
4.60 
4.68 
4.54 
4.41 
4.80 
4.40 
4.13 
6.61 
6.64 
5.80 
4.70 
4.40 


4.80 
4.10 
4.09 
4.00 
8. 99 
8.99 
4.11 
4.20 
w.  98 

a82 

8.63 
8.09 
8.70 
8.88 
4.68 
8.98 
8.62 
8.62 
8.40 
8.45 
8.80 
8.40 
8.43 
8.88 
8.72 
a82 
8.80 
8.80 
8.28 
8.11 
8.11 


Jane. 


8.32 
3.80 
8.20 
8.10 
8.10 
2.80 
2.90 
2.89 
2.90 
2.88 
2.89 
a  40 
a  10 
4.28 
a  70 

ass 
a  00 
a  40 
a  10 

2.92 
2.84 
2.82 
2.79 
2.73 
2.51 
2.60 
2.70 
a  78 
a  30 
2.93 


July. 


2. 
2. 


2.77 
2.74 
2.60 
2.76 
2.63 
2.68 
2.60 
2.62 
73 
90 
2.60 
2.48 
2.43 
2.80 
2.84 
a88 
2.24 
2.09 
2.28 
2.10 
2.88 
2.62 
2.80 
2.17 
2.40 
2.95 
6.26 
4.72 
a  80 
2.09 

ai5 


Aagr. 


a  10 
a  00 

2.55 

a  08 

2.60 

aoo 

2.80 
2.10 
2.80 
2.66 
2.75 
4.50 
a  84 
2.80 
2.55 
2.55 
2.55 
2.23 
2.20 

aoo 

2.15 
2.14 
2.40 
2.80 
a  40 
2.85 
a  55 
5.55 
4.70 
4.28 
4.60 


Sept. 


4.60 
4.45 
a  66 
a  65 

aoo 

2.90 

2.78 

a  45 
a  48 
a  62 

9.80 
4.40 

aoo 

2.81 
2.62 
2.60 
2.40 
2.80 
2.86 
3.60 
2.68 
2.60 
2.60 
2.80 
2.80 
2.08 
2.60 
2.85 
2.29 
2.47 


Oct. 


2.20 
2.12 
1.97 
2.20 
2.84 
a  28 
a  52 
4.18 
a  22 
2.90 
2.86 
2.68 
2.58 
2.60 
2.58 
2.48 
2.21 
2J» 
2.54 
2.49 
2.57 
2.42 
2.20 
2.15 
2.45 
2.40 
2.89 
2.41 
2.40 
2.80 
4.57 


Nov. 


4.47 
a  10 
2.87 
a  88 
2.74 
'^.62 
2.87 
2.64 
2.68 
2.51 
2.60 
2.56 
2.78 
2.28 
2.50 
2.60 
2.57 
2.58 
2.51 
2.48 
2.29 
a62 
4.71 

a  61 
a  10 

6.54 
4.25 
a  60 

aao 
a  04 


Dec. 


2.90 
a  16 

a  14 

2.80 
2.60 


2. 
2. 
2. 
2. 


82 
70 
65 
71 


2.66 
2.53 
a  48 
a  13 
5.13 
4.42 

a  70 
a  34 
a  07 

2.91 

a  22 
aoo 

2.90 

aoo 

7.82 

a  20 

4.44 

aoo 
a  76 
a  75 


Broad  River  joins  Saluda  River  at  Columbia,  South  Carolina,  to 
form  Congaree  River.  The  United  States  Weather  Bureau  has 
maintained  river-hei^^ht  observations  at  Columbia,  South  Carolina. 
The  gage  rod  is  painted  on  the  first  stone  pier  from  the  eastern  shore 
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of  the  Grervais  street  toll  bridge.  The  bench  mark  is  the  track  of  the 
South  Carolina  and  Georgia  Extension  Railroad  at  the  Union  Station, 
and  is  at  an  elevation  of  102.59  feet  above  the  zero  of  the  gage.  The 
high- water  mark  is  34.4  feet,  and  was  reached  in  September,  1852;  the 
lowest,  — 0.4  foot,  on  January  20,  1893.  The  danger  line  is  15  feet. 
The  drainage  area  above  the  station,  according  to  the  United  States 
Weather  Bureau,  is  7,300  square  miles. 

Santee  River  is  formed  by  the  junction  of  Wateree  and  Congaree 
rivers.  The  United  States  Weather  Bureau  has  maintained  a  gage 
on  Lower  Santee  River  at  St.  Stephen,  South  Carolina,  50  miles  above 
its  mouth.  The  gage  rod  is  attached  to  the  downstream  side  of  che 
central  granite  pier  of  the  railroad  bridge.  The  top  of  the  rail  on 
this  bridge  is  31  feet  above  zero  of  gage.  The  high-water  mark  is 
20.2  feet,  and  was  reached  on  September  18, 1888;  the  lowest,  1.3  feet, 
on  October  6,  1895.  The  danger  line  is  at  12  feet.  The  area  drained 
at  this  point,  according  to  the  United  States  Weather  Bureau,  is  13,(300 
square  miles. 

SALUDA  RIVER  AT  VTATERLOO,   SOUTH  CAROLINA. 

Saluda  River  rises  in  the  mountains  between  North  and  South  Caro- 
lina, flows  in  a  southeasterly  direction,  and  unites,  near  Columbia^ 
South  Carolina,  with  the  Broad,  to  form  the  Congaree.  The  drainage 
area  is  partly  mapped  on  the  Saluda,  Pickens,  Pisgah,  and  Abbeville 
atlas  sheets.  Measurements  have  been  made  on  the  Saluda  to  deter- 
mine the  available  water  power.  The  station  was  established  by  £.  W. 
Myers,  August  30,  1896,  and  is  described  in  the  Eighteenth  Annual 
Rei)ort,  Part  IV,  page  68.  It  is  1  mile  below  the  mouth  of  Reedy 
River,  at  the  Charleston  and  Western  Carolina  Railway  bridge,  about 
3  miles  from  Coronaca  Station,  South  Carolina.  The  length  of  the 
gage  wire  is  47.00  feet.  The  length  of  the  gage  was  verified  Decem- 
ber 19,  1899.  The  river  here  is  straight  for  several  hundred  yards 
above  and  below  the  bridge.  The  flow  is  probably  influenced  by  dams 
some  miles  above.  The  bed  of  the  stream  is  of  sand  and  mud  and 
liable  to  change  during  high  water.  The  banks  are  low,  the  right 
bank  being  subject  to  overflow.  The  observer  is  R.  N.  Cunningham, 
storekeeper  and  farmer  at  Waterloo,  South  Carolina.  The  locality 
is  reached  by  private  conveyance  from  Greenwood,  South  Carolina. 
The  discharge  measurements  are  made  from  the  railroad  bridge. 
Records  of  results  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  68;  1897,  Nineteenth  Annual  Report,  Part  IV , 
page  221 ;  1898,  Twentieth  Annual  Report,  Part  IV,  page  153.  The 
following  measurements  were  made  by  E.  W.  Myers  during  1899: 

Febrnary  ^,  gage  height,  7.60  feet;  discharge,  8,350  eecond-feet. 
June  14,  gage  height,  5.30  feet;  discharge,  1,740  second-feet. 
October  1,  gage  height,  8.65  feet;  discharge,  604  seoond-feet. 
December  19,  gage  height,  4.00  feet;  discharge,  995  sooond-feet. 
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DaUyffoge  height^  in  feet,  of  Salvda  River  at  Waterloo,  South  Carolina,  for  1899, 


Day. 

Jan. 

F^b. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

6.00 

5.75 

12.80 

8.75 

6.00 

4.75 

4.95 

3.80. 

3.90 

3.05 

4.75 

4.60 

8 

4.66 

5.40 

8.90 

7.55 

5.90 

4.40 

3.95 

8.70 

5.20 

285 

4.60 

4.45 

3 

5.06 

5.60 

7.65 

7.06 

5.80 

5.15 

8.86 

3.65 

5.25 

3.60 

4.66 

8.80 

4 

4.00 

6.S) 

7.00 

7.15 

5.00 

4.35 

4.20 

3.70 

3.25 

4.36 

4.40 

&06 

5 

4.80 

6.85 

8.00 

7.30 

6.00 

4.15 

3.20 

4.75 

8.95 

4.20 

3.80 

3.90 

6 

5.00 

10.60 

8.10 

7.60 

6.96 

6.05 

8.75 

4.00 

3.85 

5.60 

2.90 

4.25 

7 

14.00 

18. 5i) 

7.25 

7.20 

6.15 

4.10 

3.80 

3.30 

8.70 

4.60 

4.35 

3.80 

8 

14.30 

17.35 

6.70 

7.95 

5.80 

4.00 

4.85 

3.90 

4.10 

5.66 

4.30 

3.86 

0 

6.05 

12.70 

6.60 

8.36 

6.85 

3.80 

4.65 

4.00 

4.85 

4.00 

4.36 

4.26 

10 

7.06 

8.60 

6.70 

7.40 

6.56 

3.70 

8.45 

4.00 

8.85 

4.00 

4.35 

3.46 

11 

6.  SO 

7.00 

6.80 

6.90 

5.60 

a.  75 

8.70 

6.60 

6.60 

4.10 

4.15 

3.00 

12 

6.00 

7.10 

6.45 

6.96 

5.80 

5.85 

8.  TO 

4.90 

6.60 

4.00 

3.70 

6.90 

18 

7.60 

7.00 

6.45 

6.75 

5.20 

5.60 

3.60 

4.60 

3.96 

4.00 

2.90 

7.10 

14 

7.80 

5.60 

6.25 

6.65 

4.95 

5.56 

8.60 

&20 

3.80 

4.65 

4.00 

6.85 

15 

7.45 

6.60 

10.80 

6.30 

4.80 

4.45 

4.75 

8.66 

4.60 

4.10 

4.46 

5.00 

16 

6.06 

12.56 

15.35 

6.65 

4.60 

4.26 

4.60 

8.66 

4.10 

8.00 

4.35 

4.86 

17 

6.65 

15.20 

ia85 

6.36 

4.70 

4.90 

3.60 

3.55 

3.60 

4.20 

4.05 

4.45 

18 

6.25 

13.10 

10.30 

6.25 

4.55 

4.60 

3.60 

4.56 

2.86 

4.00 

4.25 

4.10 

19 

6.80 

8.00 

9.75 

6.45 

4.50 

4.65 

8.00 

4.15 

8.05 

4.75 

8.70 

4.75 

20 

5.00 

7.40 

11.98 

6.80 

6.15 

4.06 

3.66 

3.45 

8.90 

4.70 

2.96 

3.90 

21 

5.40 

7.00 

13.18 

6.20 

4.60 

4.10 

4.45 

2.70 

3.90 

5.45 

3.96 

4.60 

22-  ... 

5.85 

7.45 

8.75 

6.55 

5.06 

3.76 

4.60 

4.20 

3.90 

8.20 

4.06 

4.66 

23 

5.70 

9.85 

8.66 

5.90 

4.60 

a66 

3.60 

8.70 

4.80 

3.00 

6.45 

4.30 

24 

5.45 

6.65 

8.90 

6.15 

4.40 

4.90 

2.90 

3.75 

3.60 

4.15 

4.40 

7.15 

25 

5.50 

6.86 

7.80 

7.90 

4.36 

4.10 

4.75 

3.70 

2.90 

4.36 

4.86 

5.15 

28 

5.20 

6.70 

7.55 

8.10 

4.30 

8.60 

5.10 

4.85 

8.90 

4.56 

6.25 

4.75 

27 

5.00 

17.55 

7.06 

7.15 

5.16 

4.15 

5.40 

'5.00 

4.86 

4.66 

4.15 

4.96 

28 

6.75 

15.60 

7.35 

6.55 

6.10 

4.06 

5.00 

4.76 

4.46 

4.20 

5.06 

4.66 

20 

6.55 

....... 

7.95 

6.00 

8.75 

4.20 

5.45 

4.36 

3.80 

8.88 

5.00 

4.15 

30 

4.10 

7.26 

6.10 

4.15 

8.80 

6.40 

4.80 

4.00 

2.05 

4.15 

4.75 

81 

5.80 

9.36 

4.15 

....... 

3.80 

4.40 

....... 

4.40 

4.40 

TUGAIiOO  RIVER  AT  MADISON,   SOUTH  CAROLINA. 

This  river  is  formed  by  the  junction  of  the  Tallulah  and  Chattooga 
rivers,  which  have  their  sources  in  the  Blue  Ridge  Mountains.  The 
basin  is  largely  covered  with  an  original  growth  of  oak,  and  is 
extremely  wild  and  picturesque.  The  drainage  area  is  mapped  on 
the  following  atlas  sheets:  Nantahala,  Dahlonega,  Walhalla,  and 
Cowee.  There  are  many  beautiful  falls  in  this  watershed,  the  most 
noted  of  which  are  Tallulah  Falls,  with  a  drop  of  335  feet  in  four 
successive  leaps,  the  total  fall  in  2f  miles  being  525  feet;  and  Toccoa 
Falls,  on  Toccoa  Creek,  with  a  vertical  drop  of  about  190  feet.  This 
latter  stream  should  not  be  confused  with  Toccoa  River,  a  tributaiy  of 
Iliwassee  River,  and  on  which  a  gaging  station  is  maintained  at  Blue 
Ridge,  Georgia.  The  gaging  station  on  Tugaloo  River  was  established 
July  19,  1898,  at  Cooks  Ferry,  about  one-half  a  mile  from  Madison, 
South  Carolina,  one  mile  below  the  Southern  Railway  bridge  over 
Tugaloo  River  and  2  miles  above  the  mouth  of  Chauga  Creek.  The 
j^THge  is  a  2  by  4  inch  scantling  10  feet  long,  nailed  to  a  sycamore  tree 
on  the  right  bank  at  the  ferry  landing.  The  bench  marks  are  on  the 
left  bank  of  the  river,  the  first  being  on  a  willow  tree  at  the  ferry 
landing,  and  consisting  of  three  large  nails  3.00  feet  above  zero  of  gage; 
the  second  is  on  the  same  tree,  being  one  nail  6.00  feet  above  zero  of 
^age;  the  third  is  a  large  nail  in  a  sycamore  tree  at  the  ferry  landing 
12.00  feet  above  the  zero  of  the  gage.  Discharge  measurements  are 
made  from  a  boat  held  in  place  by  the  ferry  rope  stretched  across  the 
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river.  The  results  of  the  measurements  are  given  in  the  Twentieth 
Annual  Report,  Part  IV,  page  162.  The  following  meaj^urements 
were  made  by  Max  Hall  and  others  in  1899: 

April  31,  gage  height,  4.50  feet;  discharge,  2,604  second-feet. 
May  22,  gage  height,  3.20  feet;  discharge,  1,6S7  second-feet. 
Jnne  20,  gage  height,  2.10  feet;  discharge,  1,825  second-feet. 
September  12,  gage  height,  1.00  foot;  discharge,  784  second-feet. 
October  4,  gage  height,  0.70  foot;  discharge,  512  second-feet. 

A  number  of  discharge  measurements  were  made  on  various  tn'bn- 
taries  of  Tugaloo  River  during  the  fall  of  1899.  A  measui*ement  of 
Tallulah  River  above  the  falls  at  the  wagon  bridge  at  Tallulah 
Falls,  Georgia,  was  made  October  3,  when  the  discharge  was  fouiul 
to  bo  153  second-feet;  a  second  measurement  was  made  Novem- 
ber 25,  giving  a  discharge  of  188  second-feet.  Two  discharge  meas- 
urements  were  made  on  Toccoa  Creek,  above  the  falls,  2^  miles  from 
Toeeoa,  Georgia,  on  October  4;  they  were  made  at  different  section;^ 
on  the  river,  and  gave  5.7  and  5.9  second-feet,  respectively.  Chauga 
Creek  enters  the  Tugaloo  about  2  miles  below  the  gaging  station.  A 
measurement  was  made  on  this  stream  at  the  wagon  bridge  near  it*^ 
mouth  at  Madison,  3onth  Carolina,  on  October  4,  when  the  discharge 
was  found  to  be  99  second-feet. 

Daily  gage  height,  in  feet,  of  Tkigdloo  River  at  MadiHon,  South  Carolina,  for  JS:^\ 


Day.      Jau 


Feb. 


1. 

2. 

3. 

4. 

5. 

6. 

7- 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


4.10 
3.40 
3.80 
3.20 
3.20 
6.45 
5.80 
4.60 
4.20 
3.90 
4.20 
4.10 
3.90 
4.00 
4.60 
4.00 
3.90 
3.70 
3.40 
3.40 
3.30 
3.20 
3.10 
3.20 
3.40 
3.20 
3.20 
3.10 
3.00 
2.90 
3.10 


3.90 
8.40 
3.50 
7.00 
6.80 
11.85 
12.70 
8.80 
0.80 
5.80 
5.50 
5.30 
8.40 
4.40 
4.60 
5.60 
5.00 
5.00 
4.80 
4.60 
4.60 
4.50 
4.40 
4.30 
4.10 
6.50 
9.80 
8.10 


Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

0.60 

6.40 

4.80 

2.60 

1.70 

1.40 

5.90 

5.90 

4.20 

2.40 

1.60 

1.40 

5.80 

6.70 

4.10 

2.40 

1.60 

1.80 

5.40 

6.90 

4.00 

2.80 

1.50 

1.20 

6.90 

6.00 

4.80 

2.60 

1.60 

1.10 

6.00 

5.60 

4.10 

8.30 

1.00 

1.10 

5.60 

7.80 

4.80 

2.20 

l.>90 

1.10 

5.20 

8.70 

4.00 

2.20 

1.60 

1.00 

5.20 

6.80 

8.80 

2.10 

1.00 

1.00 

4.90 

6.20 

8.70 

2.00 

1.00 

1.40 

4.80 

5.80 

8.70 

2.20 

1.50 

1.80 

4.70 

5.60 

3.60 

8.90 

1.40 

1.00 

4.20 

6.80 

3.60 

5.80 

1.80 

.90 

8.05 

5.80 

3.40 

a60 

1.80 

1.00 

16.15 

6.00 

3.80 

2.80 

1.80 

1.00 

13.80 

5.10 

3.20 

2.40 

1.20 

1.00 

8.40 

4.90 

3.20 

2.50 

1.20 

1.20 

6.90 

4.80 

3.10 

2.40 

1.20 

1.00 

16.15 

4.80 

8.20 

2.20 

I.IO 

.90 

11.60 

4.60 

8.00 

2.10 

1.20 

.80 

8.40 

4.60 

2.90 

2.00 

1.20 

.80 

7.60 

4.40 

8.10 

2.90 

1.40 

.80 

8.40 

4.30 

3.00 

2.90 

1.80 

.90 

7.80 

i.20 

2.80 

2.80 

1.70 

.80 

6.80 

6.80 

2.70 

2.00 

1.40 

.90 

6.40 

6.00 

2.70 

1.80 

4.10 

.80 

6.20 

5.20 

2.60 

2.10 

4.20 

1.20 

6.10 

4.80 

2.60 

2.10 

2.40 

1.00 

6.80 

4.60 

2.00 

2.00 

2.90 

.90 

6.00 

4.40 

2.60 

1.80 

1.90 

1.40 

6.90 

2.60 

1.60 

6.60 

Sept. 


8.10 

2.70 

8.80 

1.90 

1.70 

1.40 

1.30 

1.20 

1.20 

1.10 

1.10 

1.00 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.90 

.90 

.80 

.80 

.80 

.80 

.90 

.90 

.80 

.80 

.70 


Oct 

Nov. 

0.70 

0.90 

.70 

.80 

.70 

.80 

.70 

.80 

.80 

.80 

.90 

.70 

.80 

.70 

30 
50 
50 
00 
.90 
.90 
.80 
.80 
.80 
.80 
.90 
1.00 
1.00 
.90 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.80 


::; ' 


.70 

.70 

.70 

.70 

-70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.80 

.90 

1.10 

.90 

1.00 

2.191) 

1.70 

1.30 

1.10 


1-1*) 
l.l:< 
1.1« 
l-t.»» 

.S) 

.!«» 

i*a> 

8.45 


3. 
« 

T. 

I 

1 


10 

at 

(I) 
SI 


I    1- 

I 


J 


61^ 
4«i 

3.<v 

3.40 

2  rt» 

1  9» 


4f> 
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SAVANNAH  RIVER  AT  CALHOUN  FALLS,  SOUTH  CAROLINA. 

Savannah  River  is  formed  by  the  junction  of  Seneca  and  Tugaloo 
rivers  about  100  miles  above  Augusta,  Georgia.    The  headwater  tribu- 
taries have  their  sources  in  the  Blue  Ridge  Mountains  in  North  and 
South  Carolina  and  G^oi^a,  where  more  than  one-fifth  of  the  terri- 
tory is  in  original  oak  forest.     The  drainage  area  is  partly  mapped 
on  the  following  atlas  sheets;  Pisgah,  Cowee,  Dahlonega,  Walhalla, 
Pickens,  Abbeville,  Elberton,  Nantahala,  and  Camesville.     A  large 
number  of  fine  water  powers  occur  on  the  tributaries  and  along  the 
main  river,  the  most  noted  being  at  Tallulah  Falls  on  Tallulah  River, 
335  feet  in  height,  there  being  a  total  fall  of  525  feet  in  a  distance  of 
2J  miles.     In  order  to  determine  the  value  of  these  waterpowers,  sys- 
tematic measurements  were  begun  at  Calhoun  Falls,  South  Carolina, 
on  August  4,  1896.     This  station,  described  in  the  Eighteenth  Annual 
Report,  Part  IV,  page  73,  is  at  the  Seaboard  Air  Line  bridge,  across 
.  Savannah  River,  above  the  mouth  of  Beaverdam  Creek  and  below 
Rocky  River,  and  about  3  miles  west  of  the  town  of  Calhoun  Falls, 
South  Carolina.    The  river  here  is  divided  into  two  channels  by  a  large 
island  containing  several  hundred  acres.     The  east  channel  is  a  good 
section  at  ordinary  stages,  but  at  lowest  water  the  current  is  very 
sluggish.     The  west  channel,  which  is  the  main  river,  is  obstructed 
by  some  very  small  islands  and  old  cofferdams  about  the  two  piers, 
otherwise  the  section  is  a  good  one.     The  bed  is  rocky  and  constant. 
The  wire  gage  is  on  the  west  channel,  center  span;  its  length  is  65.40 
feet.     One  bench  mark  on  the  top  of  the  iron  stringer  under  the 
cross- ties  near  the  gage  is  54.00  feet  above  the  datum  of  the  gage; 
the  other  is  on  the  top  of  the  first  pier  on  east  side  of  west  channel, 
^nd  is  30.85  feet  above  zero  of  gage.     Zero  of  gage  is  354.5  above  sea 
level.    The  gage  was  verified  on  March  4,  1899.    The  observer  is  Peter 
J-  Pfeiffer,  a  farmer  at  Calhoun  Falls,  South  Carolina.     Records  of 
measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  75;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  224;  1898,  Twentieth  Annual  Report,  Part  IV,  page  164.     The 
following  measurements  were  made  by  B.  M.  Hall  and  Max  Hall 
during  1899 : 

March  4,  gage  height,  4.77  feet;  discharge,  12,076  second-feet, 
^y  10,  gage  height,  3.45  feet;  discharge,  5,258  second-feet. 
September  28,  gage  height,  2.30  feet;  discharge,  2,057  second-feet. 
November  10,  gage  height,  2.25  feet;  discharge,  2,089  second-feet. 
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Daily  gage  fieight,  in  feet,  of  Savannah  River  at  Calhoun  Folia,  South  Carolina, 

for  1899. 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang.      Sept. 

Oct 

Nov. 

Dec, 

I 

6.60 
6.00 
4.85 
4.90 
4.75 
4.70 
4.75 
4.65 
5.60 
5.10 
4.95 
4.80 
4.70 
4.60 
4.80 
4.00 
8.90 
3.70 
8.70 
8.60 
8.40 
a20 
3.00 
2.90 
4.00 
4.60 
5.10 
5.00 
4.70 
4.10 

4.00 
8.90 

aoo 

8.80 
8.70 
&90 
3.90 
3.80 
8.80 

a70 

8.70 
8.70 
8.60 
8.60 
a60 
8.40 
8.40 
3.40 
3.60 
8.60 
3.40 
3.60 
3.70 
3.66 
3.60 
8.40 
3.25 
3.20 
3.20 
8.10 
8.80 

* 

8.80 
8.20 
8.20 
8.80 
8.10 
8.00 
2.90 
8.00 
8.80 
8.20 
&40 
8.60 
5.00 
3.90 
8.70 
8.60 
3.60 
8.60 
8.80 
8.20 
8.10 
8.00 
3.00 
2.90 
2.90 
8.  CO 
8.90 
4.00 
3.60 

&ao 

8.20 
3.00 
2.90 
2.70 
2.70 
2.60 
2.70 
2.70 
8.00 
2.90 
2.80 
2.80 
2.70 
2.60 
2.50 
2.40 
2.40 
2.80 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 
2.40 
2.70 
2.70 
5.00 
3.60 
8.60 
3.40 

8.80 
8.10 
8.00 
2.90 
2.80 
2.70 
2.60 
2.60 
8.00 
2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
3.00 
2.90 
2.70 
2.70 
2.80 
3.00 
2.90 
3.60 
8.20 

8.00 
2.90 
2.90 
2.80 
2.70 
2.90 
2.90 
8.00 
8.00 
2.90 
8.20 
8.00 
8.00 
2.90 
2.90 
2.80 
2.70 
2.60 
2.60 
2.90 
2.90 
2.80 
2.60 
2.60 
2.40 
2.60 
2.40 
2.80 
2.80 
2.20 

2.20 
2.10 
2.10 
2.20 
2.40 
3.00 
2.90 
3.90 
3.50 
3.20 
8.00 
2.70 
2.50 
2.40 
2.30 
2.40 
2.40 
2.80 
2.80 
2.40 
2.30 
2.80 
2.80 
2.20 
2.20 
2.20 
2.10 
2.10 
2.20 
2.30 
2.60 

2.60 
2.50 
2.60 
2.40 
2.40 
2.40 
2.60 
2.40 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 
2.10 
2.1(1 
2.10 
2.00 

2.a) 

2.01) 
2.10 
2.10 
2.30 

2.:») 

4.00 
3  40 
8.20 
2.90 
2.  HO 

"" " 

2.70 

2 

2.80 

3 

2.90    ' 

4 

4.75 
4.96 
4.66 
4.40 
4.85 
4.25 
4.20 
4.06 
3.90 
4.00 
4.00 
5.25 
18.60 
9.00 
6.90 
7,00 
9.00 
7.05 
5.00 
5.00 
4.90 
6.00 
5.10 
4.95 
4.85 
6.95 
5.10 
7.00 

2,«0    1 

6 

2.60   1 

6 

S.60 

7 

2.60 

8 

9 

2..'i0 
2.50 

10 

2.40 

11 

2.60 

12 

4.9U    1 

13 

U 

5.00    1 
3.80    1 

15 

aso  ' 

16 

aao  1 

17 

18 

a  10  1 
a  00 

19 

a  00 

2.90 
2.90 
2.80 
2.70 

a  90 

3,80 
3.50 

aso 
.  aeo 

3.70 

aoo 

S.90 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

SAVANNAH  RIVEE  AT  AUGUSTA,  GEORGIA. 

Observations  of  river  height  have  been  maintained  since  1875  br 
the  city  of  Augusta,  at  the  city  highway  bridge.  The  results  have 
been  printed  in  a  volume  entitled  "  Stages  of  wat^r  at  river  stations," 
prepared  by  the  United  States  Weather  Bureau.  Those  for  1875  to 
1889  are  given  in  Part  III,  those  for  1890  to  1892  in  Part  IV,  and  for 
1893  to  1895  in  Part  V  of  the  above-mentioned  publication.  The  gage 
consists  of  a  vertical  timber  fastened  to  the  pier  and  graduated  to  feet 
and  inches.  Readings  are  made  four  times  a  day  by  J.  M.  Young- 
blood,  keeper  of  the  city  bridge,  usually  at  6  a.  m.,  12  m.,  6  p.  m.,  and 
9  p.  m.  The  6.  a.  m.  readings  are  those  used  by  the  Weather  Bureau, 
and  are  here  given,  excepting  September,  October,  and  November, 
when  the  average  of  all  four  readings  is  given,  since  at  that  season 
nearly  all  of  the  water  passes  through  the  factory  wheels  above  the 
gage.  The  channel  is  straight  and  without  obstructions;  the  banks 
are  moderately  high,  but  are  liable  to  overflow  at  the  highast  floods. 
Bed  is  fairly  constant.  Records  of  measurement  may  be  found  as 
follows:  1875  to  1891,  Fourteenth  Annual  Report,  Part  II,  page  147; 
1891  to  1896,  Eighteenth  Annual  Report,  Part  IV,  page  75;  1807, 
Nineteenth  Annual  Report,  Part  IV,  page  227;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  165.  The  following  measurements 
have  been  made  by  B.  M.  Hall  and  his  assistants  during  1899 : 
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Measurements  of  Savannah  River  at  Augusta^  Georgia, 


Date. 


18Q». 

March  17... 
March  18... 

Mays 

Bia79 


Oase 

leiffht. 


heig. 


Feet. 

a.  20 

20.  tt 

9.% 

9.fi0 


Dla- 
oharge. 


SeC'feet. 

do,  716 

85.971 

10,880 

9,906 


Date. 


1809 

May» 

Julyl 

August  3 

October  10.. 


Gkife 
leiffht. 


heig, 


J!^t. 

7.60 

7.  SB 

6.68 

12.48 


Dis- 
charge. 


Sec-feet. 

6,271 

6.801 

4,286 

14,618 


DaUy  gage  height,  in  feet,  of  Savannah  River  at  Augusta,  Georgia,  for  1899,  (a) 


Day. 

JaxL 

Feb. 

Mar. 

Apr. 

May. 

Jiine. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

8.6 

12.7 

28.8 

19.6 

9.6 

7.9 

7.2 

7.4 

18.9 

6.0 

6.2 

7.3 

2 

10.8 

lao 

21.0 

18.9 

9.6 

8.4 

6.7 

6.7 

10.9 

6.0 

6-4 

6.9 

8 

10.3 

14.3 

16.2 

16.8 

9.8 

7.6 

6.2 

6.3 

9.1 

6.5 

6.3 

6.8 

4 

9.0 

15.8 

U.2 

13.2 

9.8 

7.6 

6.0 

6.8 

8.0 

6.6 

6.8 

7.0 

5 

8.6 

14.6 

13.7 

12.9 

9.2 

7.2 

6.0 

6.0 

7.6 

6.8 

6.6 

8.7 

6 

8.5 

20.7 

16.2 

18.0 

9.8 

7.8 

6.0 

5.9 

6.9 

11.8 

6.8 

6.7 

7 

12.8 

28.0 

15.2 

12.2 

10.3 

7.8 

5.8 

5.7 

6.6 

9.6 

6.9 

6.3 

8 

22.9 

31.0 

18.8 

12.4 

10.4 

7.0 

6.7 

6.6 

7.4 

10.6 

6.8 

6.3 

0 

19.2 

20.9 

12.2 

16.6 

9.7 

LO 

7.0 

6.7 

7.0 

14.1 

6.9 

6.1 

10 

14.3 

22.9 

11.8 

14.2 

9.1 

6.9 

8.8 

6.0 

7.0 

12.1 

6.8 

6.0 

11 

12.8 

18.3 

11.6 

12.8 

8.8 

7.3 

7.8 

6.7 

8.7 

8.5 

6.6 

6.9 

12... 

17.3 

14.7 

11.2 

12.0 

8.6 

6.9 

^6.6 

8.0 

9.3 

7.8 

6.6 

5.9 

13 

17.4 

13.7 

11.2 

11.6 

8.6 

7.6 

6.0 

8.3 

8.6 

6.9 

5.6 

6.3 

U 

16.3 

12.9 

11.1 

11.2 

8.6 

9.7 

6.0 

6.4 

6.9 

6.4 

6.7 

10.7 

16 

16.4 

12.3 

11.0 

11.0 

8.3 

9.7 

6.0 

6.0 

6.3 

6.0 

61 

14.6 

!«.... 

14.6 

14.4 

18.8 

10.8 

8.2 

8.2 

6.0 

6.6 

6.8 

6.3 

5.8 

10.6 

17 

17.8 

26.0 

26.6 

10.6 

8.2 

8.0 

6.7 

6.4 

6.6 

6.0 

5.8 

8.5 

18 

16.8 

24.3 

21.6 

10.6 

8.0 

8.7 

6.6 

6.0 

5.2 

6.0 

5.8 

7.6 

19 

13.9 

19.1 

17.1 

10.2 

8.0 

7.9 

6.8 

6.0 

6.4 

6.3 

5.4 

7.3 

2D 

11.7 

16.3 

20.0 

10.6 

7.9 

7.8 

6.7 

6.8 

6.7 

6.1 

6.7 

7.0 

21 

10.7 

13.6 

22.6 

10.4 

7.9 

7.8 

6,6 

4.0 

6.0 

6.5 

6.7 

6.8 

22 

10.0 

14.7 

17.1 

10.0 

7.8 

7.0 

6.8 

4.7 

6.6 

6.7 

6.8 

6.9 

23 

0.9 

14.3 

16.8 

9.9 

7.7 

6.7 

6.8 

6.3 

6.0 

6.0 

5.8 

7.4 

24 

11.4 

13.0- 

16.6 

9.6 

8.2 

6.7 

6.8 

4.8 

6.4 

6.0 

7.0 

9.3 

26 

11.9 

11.7 

16.6 

10.0 

8.0 

6.6 

6.7 

5.7 

6.9 

6.8 

8.3 

13.8 

26 

10.8 

11.6 

18.8 

11.6 

7.8 

6.8 

6.0 

5.6 

6.6 

6.8 

9.2 

12.3 

27 

10.3 

17.7 

14.0 

18.0 

7.6 

6.7 

7.0 

7.0 

6.8 

6.6 

11.3 

9.8 

28 

10.0 

29.6 

18.6 

11.2 

7.4 

7.6 

11.7 

13.3 

"6.8 

5.7 

9.8 

8.3 

20 

11.0 

14.0 

10.3 

7.4 

7.7 

U.6 

11.3 

6.8 

5.6 

8.4 

6.0 

30 

11.2 

16.0 

10.0 

7.4 

7.6 

9.8 

9.2 

6.6 

6.8 

7.6 

8.3 

31 

10.6 

18.6 

7.3 

«■••••  • 

8.5 

11.4 

6.9 

7.7 

a  For  the  months  of  September,  October,  and  November  the  figures  viven  are  an  average  of 
fonr  readings  daily— 6  a.  m.,  12  m.,  6  p.  m.,  and  8  p.  m.  For  the  other  months  the  readings  are 
thoae  taken  at  6  a.  m. 

BROAD  RIVER  AT  CARLTON,  GEORGIA. 

Broad  River  rises  in  the  northeastern  part  of  Georgia  and  flows 
ilia  southeasterly  direction,  passing  between  Elbert  and  Wilkes  coun- 
ties and  emptying  into  Savannah  River  8  miles  below  Calhoun  Falls 
Btation.  The  watershed  is  a  rolling  country  largely  covered  with 
timber.  Measurements  were  begun  on  Broad  River  at  Carlton  on 
May  27y  1897,  this  station  being  established  by  Max  Hall.  It  is 
located  on  the  bridge  of  the  Seaboard  Air  Line,  3  miles  east  of  Carl- 
ton, Georgia,  and  3  miles  above  the  mouth  of  the  South  Fork.  The 
iron  bridge  is  250  feet  long  and  is  approached  on  each  side  by  wooden 
trestles.  The  initial  point  of  soundings  is  the  end  of  the  iron  bridge 
At  right  bank,  upstroam.  The  length  of  the  wire  gage  is  56.30  feet. 
Bench  mark  is  top  of  upstream  iron  girder  under  cross-tie  at  30  feet 
from  initial  point  and  is  51.00  feet  above  datum.  Zero  of  gage  is  384.5 
feet  above  sea  level.     The  gage  was  last  verified  April  25, 1899.    The 
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channel  is  straight  and  the  flow  uninterrupted  except  by  one  pier  in 
the  center  of  the  river.  The  banks  are  rather  low  and  subject  to 
overflow  in  time  of  high  water.  The  bed  is  fairly  constant.  The 
observer  is  S.  P.  Power,  jr.,  a  farmer  at  Carlton,  Georgia.  The  results 
of  measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  227;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  163.  The  following  discharge  measurements  were  made  during 
the  year  .1899  by  Max  Hall  and  assistants: 

Measurementa  of  Broad  River  at  Carlton^  Georgia, 


Date. 

Gase 
helglit. 

Die- 
charge. 

Date. 

Oage 
height. 

Die-       J 
charge. 

1899. 
February  28 

Feet. 
9.06 
5.28 
3.65 
2.60 

Sec'feet. 

8,281 

8,205 

1,841 

919 

1809. 
June  28 

Ftet. 
2.80 
2.00 
2.  OS 
2.25 

1.063    ' 

March  1 

Septembers? 

514    1 

ADril25 

November  11 

4&S 

JMaylS 

December  21 

691 

. 

A  measurement  of  Broad  River  was  made  June  28  below  the  junc- 
tion of  South  Broad,  3  miles  below  the  station  and  4  miles  from  Carl- 
ton, Georgia,  which  gave  a  discharge  of  1,135  second-feet.  On  the 
same  date  a  measurement  of  South  Broad  was  made  at  its  mouth, 
when  the  discharge  was  found  to  be  146  second-feet.  On  September 
22  a  second  measurement  of  South  Broad  was  made  4  miles  above  the 
mouth  above  Fork  Creek  and  1.5  of  a  mile  from  Carlton,  Georgia,  and 
gave  103  second-feet.  On  November  11  a  third  measurement  of  this 
latter  river  was  made  one-half  a  mile  from  mouth,  below  Fork  Creek, 
and  3  miles  from  Carlton,  giving  a  discharge  of  139  second-feet.  The 
drainage  area  of  South  Broad  River  at  its  mouth  is  215  square  miles. 
Daily  gage  height^  in  feet,  of  Broad  River  at  Carlton,  (Georgia,  for  1899, 


Day. 

1 

Jan. 

Feb. 

8.10 

3.45 

2 

2.95 

3.00 

3 

2.75 

3.75 

4 

2.70 

3.70 

5 

2.65 

4.30 

6 

4.45 

7.20 

7 

6.45 

13.18 

8 

6.40 

10.60 

0 

8.90 

6.45 

10 

3.30 

4.80 

11 

3.80 

3.76 

12 

4.06 

3.00 

13 

3.70 

3.46 

14 

3.45. 

3.36 

15 

3.75 

8.30 

16 

8.60 

4.40 

17  .... 

3.50 

5.06 

18 

3.26 

4.45 

19 

3.10 

8.80 

20 

3.00 

8.60 

21 

2.90 

3.55 

22 

2.85 

3.00 

28 

2.05 

3.60 

24 

3.05 

3.80 

26 

3.00 

8.20 

26 

2.05 

3.16 

27 

2.85 

16.78 

28 

2.80 

11.15 

20 

2.80 

80 

2.75 

81 

3.10 

Mar. 


6.20 
4.10 
8.80 
8.00 
8.95 
4.20 
8.65 
3.45 
8.40 
3.35 
3.30 
3.80 
3.25 
a60 
4.40 
13.88 
11.30 
470 
4.60 
8.10 
6.20 
4.00 
4.15 
4.56 
3.76 
3.60 
3.50 
3.45 
4.20 
3.70 
6.00 


Apr. 


5.80 
4.45 
3.60 
8.65 
3.70 
3.46 
8.60 
4.40 
4.20 
3.00 
3.50 
3.40 
3.30 

aso 

3.25 
8.25 
3.20 
3.15 
3.25 
3.20 
3.15 
3.10 
8.06 
3.10 
3.20 
3.60 
3.20 
3.15 
3.10 
3.10 


May. 


3.00 
3.00 
2.96 
2.96 
3.00 
3.20 
3.15 
8.00 
2.96 
2.96 
2.90 
2.85 
2.80 
2.80 
2.75 
2.75 
2.70 
2.70 
2.65 
2.66 
2.60 
2.66 


70 
66 
,00 
60 
.60 
2.55 
2.55 
2.50 
2.70 


2. 
2. 
2. 
2. 
2. 


June. 


July. 


2.60 
2.56 
2.50 
2.50 
2.45 
2.40 
2.40 
2.60 
2.60 
2.45 
2.40 
2.60 
3.70 
3.00 
2.40 
2.60 
2.65 
2.66 
2.66 
2.45 
2.40 
2.85 
2.30 
2.30 
2.30 
3.70 
3.00 
2.80 
2.80 
2.60 


2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2.25 
2.40 
2.30 
2.40 
2.80 
2.26 
2.20 
2.20 
2.16 
2.10 
2.10 
2.25 
2.15 
2.10 
2.10 
2.06 
2.20 
2.26 
2.19 
2.45 
6.60 
6.30 
3.60 
2.80 
2.60 


Aug. 


2.40 
2.36 
2.26 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.10 
2.15 
2.10 
2.15 
2.06 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
2.00 
1.06 
2.00 
1.95 
2.00 
2.06 
3.96 
2.46 
2L10 
8.50 
4.10 


Sept 


&80 
3.00 
2.60 
2.30 
2.20 
2.16 
2.10 
2.10 
2.10 
2.10 
2.60 
2.10 
2.60 
2.00 
2.00 
1.06 
1.96 
1.96 
1.96 
2.05 
2.00 
2.00 
2.00 
1.95 
1.95 
1.96 
2.00 
1.06 
1.95 
1.90 


Oct.     Nov. 


1.90 
1.90 
1.90 
LOO 
2.00 
2.20 
2.15 
4.80 
8.40 
2.60 
2.35 
2.26 
2.20 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 
2.06 
2.06 
2.06 
2.06 
2.05 
2.06 
2.10 
2.15 


2.15 
2.10 
2.10 
2.06 
2.06 
2.05 
2.U6 
2.05 
2.06 
2.05 
2.05 
2.05 
2.06 
2.06 
2.10 
2.10 
2.05 
2.06 
2.06 
2.06 
2.06 
2.06 
&65 
8.45 
2.45 
3.60 
3.70 
2.00 
2.65 
2.40 


Dec 


2.35 
2.40 
Z,dO 

2.ao 

2.S5 
2.9) 
2.90 
2.21) 
2.20 
2.20 
2.20 
a40 
&IIO 
2.95 
2.50 
2w45 
2.35 
2.30 
2.30 
2.30 
2.% 
2.25 
2.20 
4.40 
4.30 
3wQ0 
2.00 
2.60 
2.  GO 
2.50 
S.45 
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OCONEE   RIVER  AT  DUBLIN,  (iEORGIA. 

Oconee  River  rises  in  the  northern  part  of  Georgia,  near  Gaines- 
ville, on  the  southern  slope  of  Chattahoochee  Ridge,  which  separates 
the  headwaters  of  this  stream  from  the  tributaries  of  Chattahoochee 
River.  It  flows  in  a  southeasterly  direction  and  joins  the  Ocmulgee 
at  the  southern  border  of  Montgomery  County  to  form  the  Altamaha. 
The  watershed  is  for  the  most  part  hilly,  and  is  made  up  of  cultivated 
ground  broken  by  extensive  tracts  of  forest.  A  station  was  main- 
tained for  a  time  at  Cary,  Georgia,  immediaticly  below  the  mouth  of 
Apalachee  River.  The  rating  was  evidently  affected  by  the  dam  sev- 
eral miles  below,  and  for  this  reason  the  station  was  abandoned  on 
March  31,  1898.  The  results  of  measurementiS  at  this  station  can  be 
found  as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
227;  1898,  Twentieth  Annual  Report,  Part  IV,  page  170.  A  single 
discharge  measurement  was  made  at  this  station  in  1899  on  October  19 : 
Gage  height,  2.03  feet;  discharge,  898  second-feet. 

A  station  was  established  by  the  United  States  Weather  Bureau  in 
189-4,  at  Dublin,  Georgia,  about  60  miles  above  the  junction  of  the 
Oconee  with  the  Ocmulgee,  45  miles  below  Milledgeville,  and  85  miles 
below  the  old  Cary  station.  The  station  was  discontinued  on  April 
30,  1897,  but  was  reestablished  by  the  Georgia  geological  survey, 
February  11,  1898.  Since  October  15,  1898,  the  station  has  been 
maintained  by  the  United  States  Weather  Bureau.  The  station  is 
located  about  one-half  mile  east  of  Dublin,  Georgia.  The  gage  is  a 
vertical  rod  fastened  to  the  lower  side  of  the  middle  pier  of  the 
Wrightsville  and  Tennille  Railroad  bridge.  The  gage  is  referred  to 
a  secondary  gage  on  a  hemlock  tree  on  the  right  bank,  150  feet 
above,  and  to  a  bench  mark  on  the  same  tree  which  consists  of  three 
large  nails  3.00  feet  above  the  zero  of  the  gage,  and  a  second  bench 
mark  on  another  hemlock  tree  100  feet  above  the  first,  which  consists 
of  three  large  nails  3. 00  feet  above  datum.  The  channel  is  straight  and 
without  obstructions  except  the  bridge  piers.  The  current  is  swift, 
the  banks  high  and  not  subject  to  overflows.  Discharge  measure- 
ments are  made  from  the  upper  side  of  the  county  highway  iron 
bridge,  which  is  about  100  yards  above  the  railroad  bridge  at  which 
the  gage  is  located.  The  initial  point  for  soundings  is  the  end  of  the 
bridge  on  right  bank  of  the  river.  Records  of  measurement  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  77; 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  228;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  170.  The  following  measurements 
were  made  by  B.  M.  Hall  and  his  assistants  during  1899: 

February  2,  gage  height,  8.20  feet;  discharge,  9,689  second-feet. 
April  28,  gage  height,  8.00  feet;  discharge,  9,038  second-feet. 
Jnne  8,  gage  height,  0.80  foot;  discharge,  1,987  second-feet. 
September  15,  gage  height,  0.80  foot;  di»cbarge,  1,997  second-feet. 
September  15,  gage  height,  0.50  foot;  discharge,  1,908  second-feet. 
December  14,  gage  height,  3.90  feet;  discharge,  4,028  second-feet. 
IRR  36 3 
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A  discharge  ineasui^ement  was  also  made  on  Oconee  River  at  Mil- 
ledgeville,  Georgia,  46  miles  alK)ve  Dublin,  on  November  21,  1899, 
when  the  discharge  was  found  to  be  957  second-feet. 

Daily  gage  height,  in  feet ^  of  Oconee  River  at  Dublin^  Georgia^  for  1899. 


Day. 

Jan. 

Feb. 
7.70 

Mar. 

Apr. 

May. 

June. 
1.70 

July. 
0.50 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1 

8.80 

11.30 

8.30 

5.40 

2.90 

2.50 

-1.30 

-0.40 

2.40 

2 

8.60 

8.10 

13.80 

8.00 

4.70 

1.80 

.60 

2.30 

2.90 

-1.30 

-  .40 

1.10 

8 

5.20 

9.10 

16.50 

8.50 

3.80 

1.70 

.40 

2.00 

2.70 

-1.30 

—  .40 

2.00 

4 

5.80 

9.90 

17.00 

9.00 

3.70 

1.50 

.20 

1.70 

2.10 

-1.80 

-  .50 

1.90 

6 

5.00 

10.70 

16.90 

9.80 

3.50 

1.40 

.10 

1.50 

1.50 

-  .80 

-.50 

1.70 

6 

4.70 

12.70 

16.20 

9.60 

4.10 

1.20 

.00 

.90 

1.10 

.50 

-  .50 

i.eo 

7 

6.00 

13.10 

14.50 

9.00 

5.00 

1.00 

.20 

.80 

.80 

2.40 

—  .60 

1.30 

8 

7.80 

15.00 

12.70 

8.60 

4.80 

.80 

.40 

.70 

.30 

5.10 

-.60 

1.10 

9 

8.60 

20.10 

11.00 

8.00 

4.40 

.70 

.00 

.20 

.20 

7.20 

-  .80 

.90 

10 

10.40 

22.60 

9.80 

7.80 

3.60 

.60 

-.10 

-.80 

.10 

8.10 

-  .70 

.70 

11 

12.20 

21.70 

8.60 

7.50 

8.00 

.50 

-.10 

-.40 

.00 

8.60 

-  .70 

.60 

12 

14.10 

18.90 

7.60 

7.00 

2.70 

.40 

-.20 

-.20 

.10 

6.80 

-  .70 

1.20 

13 

14.40 

17.50 

7.00 

6.40 

2.70 

.30 

-.30 

-.10 

.70 

4.10 

-  .80 

2.00 

14 

15.30 

16.80 

6.80 

5.60 

2.40 

.30 

-.40 

—.10 

1.50 

1.70 

-.80 

3.30 

15 

14.80 

15.50 

6.70 

5.20 

2.30 

.90 

-.40 

-.20 

.80 

1.10 

-  .10 

4.10 

16 

14.50 

13.70 

7.80 

5.00 

2.10 

1.20 

-.40 

-.30 

.10 

.60 

.70 

a20 

17.... 

14.30 

12.40 

7.90 

4.90 

2.00 

.70 

-.50 

-.60 

-  .30 

.50 

.10 

2.50 

18 

13.70 

12.60 

8.80 

4.80 

1.90 

.80 

-.60 

—.60 

-  .40 

.50 

.80 

1.90 

19 

18.30 

12.70 

9.20 

5.30 

1.80 

.30 

-.60 

-.70 

-  .50 

.50 

.10 

1.50 

J» 

13.10 

13.30 

10.10 

5.80 

1.70 

.60 

-.60 

—.80 

-  .60 

.40 

—  .20 

1.30 

21 

12.80 

13.60 

10.90 

5.60 

1.60 

.90 

-.70 

—.80 

—  .70 

.40 

-  .80 

1.20 

22 

12.60 

13.00 

12.  eo 

5.50 

1.50 

.50 

-.70 

-.90 

-  .80 

.20 

-  .40 

1.20 

23 

11.80 

12.-00 

14.20 

5.20 

1.50 

.30 

-.70 

-.70 

-  .90 

.00 

-  .30 

1.40 

24 

8.30 

10.80 

13.40 

5.00 

1.80 

.20 

-.80 

-.30 

-  .90 

-  .10 

.10 

I.ID 

26 

7.80 

9.80 

11.90 

4.80 

2.10 

.20 

—.80 

-.20 

-l.W 

-  .30 

1.50 

2.30 

26 

7.30 

9.00 

10.00 

5.90 

1.80 

.00 

.30 

2.50 

-1.00 

-  .40 

1.80 

530 

27 

7.10 

9.70 

9.60 

7.40 

1.70 

-.10 

.70 

3.00 

-1.10 

-  .50 

2.10 

&00 

28 

6.80 

9.60 

8.90 

8.00 

1.60 

-.20 

.90 

3.00 

-1.10 

-  .60 

8.20 

4.60 

29 

7.00 

8.30 

7.20 

1.60 

-.30 

1.80 

5.10 

-1.10 

-  .70 

4.40 

3.90 

30 

7.40 

8.10 

6.10 

1.60 

.40 

4.70 

4.50 

-1.20 

—  .70 

8.30 

2.80 

31 

7.80 

8.00 

1.60 

5.00 

2.90 

-.30 

s.ao 

YELLOW  RIVER  AT  ALMON,  GEORQIA. 

This  river  is  an  important  tributary  of  the  Ocmulgee.  Its  head- 
waters are  in  Gwinnett  County,  only  a  short  distance  from  Chattahoo- 
chee River.  About  one-third  of  the  watershed  is  under  cultivation, 
the  ground  being  well  terraced  on  the  hillsides.  The  drainage  area  is 
entirely  mapped  on  the  Monroe,  Gainesville,  Suwanee,  and  Atlanta 
atlas  sheets  of  the  United  States  G(3ological  Survey.  There  are 
a  number  of  falls  along  the  river  capable  of  development  for 
water  power.  A  gaging  station  was  established  at  Almon,  3  miles 
west  of  Covington,  Georgia,  September  12,  1897.  It  was  at  the 
low  wagon  bridge  crossing  the  stream,  600  feet  below  the  Georgia 
Railroad  bridge;  Results  of  measurements  at  this  station  may  be 
found  as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
230;  1898,  Twentieth  Annual  Report,  Part  IV,  page  170.  No  current- 
meter  measurements  were  madq  during  1898,  nor  wei^e  the  gage 
heights  recorded.  An  attempt  was  made,  however,  to  ascertain 
the  fluctuations  of  discharge  for  comparison  with  the  observations 
made  at  Macon.  A  rating  table  published  on  page  229  of  the  Nine- 
teenth Annual  Report,  Part  IV,  was  constructed  from  discharge  meas- 
urements made  during  the  autumn  of  1897.  A  rating  table  for  1898 
is  published  in  Water-Supply  Paper  No.  27,  of  the  United  States  G^eo- 
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logical  Survey.  The  application  of  such  a  table  involves  the  assump- 
tion that  the  fluctuations  at  Almon  are  coincident  with  those  at  Macon, 
and  as  it  is  of  uncertain  accuracy,  the  old  station  at  Almon  has  been 
abandoned  and  a  new  station  was  established  May  9,  1899,  by  B.  M. 
Hall,  about  1  mile  above  the  old  station.  It  is  intended  to  maintain 
this  station  for  six  months  or  more,  in  order  to  study  the  water  powers 
above  and  below.  The  gage  rod  is  fastened  to  a  small  tree  on  the  left 
bank  below  the  bridge,  and  refen'ed  to  a  bench  mark  on  top  of  the 
downstream  end  of  floor  beam,  90  feet  from  the  initial  point  of  sound- 
ings, which  is  the  right-bank  end  of  the  hand  rail  on  the  downstream 
side  of  the  bridge.  The  elevation  of  bench  mark  is  20.81  feet  above 
datum.  The  gage  was  verified  May  9,  1899.  The  channel  is  straight, 
the  current  swift  and  not  influenced  by  obstructions  except  at  very 
low  water,  when  the  current  is  entirely  under  the  west  half  of  the 
bridge.  The  banks  are  high  but  are  overflowed  at  the  highest  waters. 
The  bed  is  rocky  and  constant.  The  following  measurements  were 
made  by  B.  M.  Hall  and  assistants  during  1899: 

May  3,  gage  height  2.97  feet;  discharge  481  second-feet. 
May  9,  gage  height  8.16  feet;  discharge  561  second-feet. 
May  16,  gage  height  2.30  feet;  discharge  864  second-feet. 
Jane  6,  gage  height  1.80  feet;  discharge  235  second-feet. 
Jnne  27,  gage  height  2.42  feet;  discharge  427  second-feet. 
August  7,  gage  height  1.40  feet;  discharge  218  second-feet. 
October  19,  gage  height  1.70  feet;  discharge  200  second-feet. 

Daily  gage  height,  in  feet,  of  Yellow  River  at  Almon,  Georgia,  for  1899, 


Day. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.40 
2.10 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
2.00 
2.5f» 
2.10 
1.90 
1.80 
1.80 
1.80 
1.70 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
3.20 
2.60 
2.00 
2.00 
1.80 

1.60 
1.50 
1.40 
1.30 
1.40 
1.50 
1.80 
1.60 
1.80 
1.60 
1.40 
1.40 
,   1.30 
1.30 
1.20 
1.20 
1.20 
1.80 
1.40 
1.40 
1.60 
1.80 
2.00 
1.40 
1.60 
2.40 
5.80 
5.00 
3.70 
2.80 
2.00 

1.90 
1.80 
1.70 
1.60 
1.60 
1.40 
1.4*J 
1.40 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
3.60 
8.00 
2.80 
2.70 
2.50 
2.:«) 

2.10 
2.00 
1.80 
1.60 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
2.50 
2.00 
1.70 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.20 
1.20 
1.70 
2.00 
2.50 
4.00 
2.80 
2.20 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
2.00 
1.90 
1.70 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
1.60 
1.70 
1.70 

1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
1.50 
1.60 
1.60 
1.60 
1.50 
2.20 
2.20 
1.90 
4.50 
4.00 
3.20 
2.60 
2.00 

2.00 
2.70 
2.60 
2.30 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
4.00 
3.00 
2.60 
2.30 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
5.50 
4.60 
3.40 
2.50 
2.50 
2.50 
2.60 
2.30 

J::::::::: : ::: 

3 

4       

5. :::::: 

6 

7 

8 

9 

3.20 
2.80 
2.80 
2.70 
2.70 
2.50 
2.50 
2.50 
2.30 
2. 10 
2.30 
2.10 
2.00 
2.30 
2.80 
2.50 
2.20 
2.00 
2.00 
2.00 
1.90 
1.80 
3.30 

10 

11 

12 

13...: 

14 

15 

16 

17 ^ 

18 r. 

19 

20    

21 

22 

23 

24    

26 

26 

27 

28 

29 

30 

31 
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TOWALIGA  RIVER  AT  JULIETTE,    GEORGIA. 

The  drainage  basin  of  this  stream  occupies  a  small  area  in  central 
Georgia,  its  headwater  tributary  adjoining  those  of  Flint  River  on  the 
west,  and  small  creeks  draining  into  the  Ocmulgee  on  the  east.  The 
river  is  a  tributary  of  Ocmulgee  River,  entering  it  25  miles  above 
Macon.  The  area  drained  is  a  rolling  country  and  extensively  culti- 
vated. A  gaging  station  was  established  by  B.  M.  Hall  near  its 
mouth,  at  the  Southern  Railway  bridge,  2^  miles  north  of  Juliette, 
Greorgia,  on  May  5,  1899,  but  observations  of  gage  heights  were  not 
started  until  November  2.  The  rod  is  1  by  4  inches  and  7  feet  long, 
nailed  to  the  timber  crib  at  base  of  left  bank  pier  of  the  iron  single- 
span  bridge.  Bench  mark  No.  1  is  at  top  of  downstream  iron  girder 
under  cross-ties  at  40  feet  from  left  end  of  bridge,  and  is  37.00  feet 
above  gage  datum.  Bench  mark  No.  2,  top  of  rail  at  same  point,  gage 
height  38.80  feet.  At  low  st<ages  measurements  are  made  at  the  wagon 
bridge  a  half  mile  above  the  railroad  bridge.  Thomas  Pittman,  a 
farmer  living  one-half  mile  from  the  bridge,  is  the  observer.  His 
address  is  Berner,  Georgia.  The  following  measurements  were  made 
by  B.  M.  Hall  and  assistants  in  1899: 

May  5,  gage  height  3.15  feet;  discharge  581  second-feet. 
May  17,  gage  height  1.80.  feet;  discharge  255  second-feet. 
Novemher  2,  gage  height  1.30  feet;  discharge  167  second-feet. 
November  2,  gage  height  1.20  feet;  discharge  168  second-feet. 
December  16,  gage  height  1.90  feet;  discharge  184  second-feet. 

Daily  gage  height,  in  feet,  of  Toivaliga  River  at  Juliette,  Oeorgin,  for  1899, 
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1 

Nov. 

1 
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1 

Day. 
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1.70 
1.65 

9... 

2.... 

i.ao 

10... 

1      3.... 

i.ao 
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11... 

4...- 
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1.75 

Vi... 
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1.75 

13... 

1      6.... 

1.10 
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U... 

1      7.... 

1.10 

1.55 
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1.10 

• 

1.60 

Itt.  . 

Not. 

x</oo« 

1  Day. 

17.... 

Nov. 

Dec. 

I>ay. 

Nov. 

Dec 

1 
1.20 

i.eo 

1.60 

1.80 
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1.20 

8.80 

1.10 

1.65 

1    18... 

1.30 

1.70 

28.... 

3.35 

2.60 

i.ao 

1.60 

19.... 

i.ao 

1.70 

27.... 

3.20 

2.10 

1.10 

3.70 

20.... 

1.20 

1.70 

28... 

2.20 

1.10 

!  1.10 

3.60 

'    21-... 

1.30 

1.70 

29...- 

1.95 

2.00 

1.10 
1.10 
1.70 

2.60 

1    22.... 

1.20 

1.60 

30.... 

1.80 

1.90    ' 

2.00 
1.90 

1    23.... 
.    24  ... 

1.30 
1.20 

1.60 
4.00 

31.-.. 

1.90    ' 

1 

OCMULGEE  RIVER  AT  MACON,    GEORGIA. 

The  Ocmulgee  River  rises  in  the  north-central  part  of  Greorgia  and 
flows  in  a  southeasterly  direction,  joining  tlie  Oconee  south  of  Mount 
Vernon  to  form  the  Altamaha  River,  which  empties  into  the  Atlantic 
Ocean.  The  drainage  area  has  the  same  general  features  as  that  of 
the  Oconee.  A  station  was  established  by  the  United  States  Weather 
Bureau  January  21,  1893,  and  measurements  were  begun  by  the 
United  States  Greological  Survey  in  1895.  This  station  is  described 
in  the  Eighteenth  Annual  Report,  Part  IV,  page  79.  The  wire  gage 
on  the  Macon,  Dublin  and  Savannah  Railroad  bridge  having  been 
twice  stolen  in  the  spring  of  1897,  the  observations  Were  taken  on  the 
Weather  Bureau  gage  referred  to  the  same  data,  which  is  a  vertical 
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rod  bolted  to  the  stone  pier  of  the  Central  Railroac  bridge.  Bench 
mark,  top  of  track  on  Central  Railroad  bridge,  Ls  o4:.Sc  feet  above  zero 
of  Rage.  Measurements  of  discharge  are  made  from  the  wagon  bridge, 
a  short  distance  above.  The  channel  is  straight  and  without  obstruc- 
tions except  two  bridge  piers.  The  current  is  over  1  foot  per  second 
at  low  water;  the  banks  high  and  not  subject  to  overflow.  The  bed 
of  the  river  is  soft  and  changeable.  W.  T.  Bass,  a  clerk  in  a  store 
near  the  gage,  was  observer  for  the  United  States  Geological  Survey 
and  the  Georgia  geological  survey  until  June  1, 1899,  when  the  station 
was  resumed  by  the  United  States  Weather  Bureau,  in  charge  of  Mr. 
T.  S.  Collins,  observer.  Records  of  measurement  may  be  found  as 
follows:  1893-96,  Eighteenth  Annual  Report,  Part  IV,  page  82;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  232;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  171.  The  following  measurements  were  made 
by  B.  M.  Hall  and  his  assistants  during  1899: 

Measurements  of  Ocmulgee  River  at  Macon  ^  Georgia, 
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\ 

Feet. 

Sec-feet. 

Feet. 

Sec.'feet.   , 

FebmarYl... 

9.TZ 
13. 75 

6,302 
14,954 

,  Jul 

AUL 

ie21 

1.22 
1.98 

1,009 
1,345 

Februarys.. 

DmRt2 

.. 

FflhmaryS  .., 

13.75 

14, 781 

September  14 

1.70 

1,314 

FehmaryS 

12.81 
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'or  1899. 
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0.80 

1 
1.70 

2 

6.60 

8.41 

11.14     8.n 

3.80      2.80      1.50  1    2.10 
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.90 

.40 

.40 

2.00 

.00 

1.40    ' 

21 

5.11 

8.27 

9.42 

5.52 

2.18  1    1.80 

1.00 

.40 

.30 

2.80 

.60 

1.30 

a 

5.42 

8.16 

8.11 

4.72 

2.48  1    1.20 

.80 

a. 00 

.30 

3.20 

.60 

1.30    i 

23 

5.10 

8.10 

6.42 

4.61 

8.67  '    1.00 

1.30 

3.30 

.80 

2.40 

.60 

1.40    , 

24 

5.37 

7.18 

8.65 

5.48 

3.35  1      .90 

3.20 

3.10 

.20 

1.60 

1.00 

6.40 

25 

5.81 

6.28 

8.85 

11.87 

3.01        .90 

2.0t)      2.10 

.20 

1.20 

1.40 

5.90 

86 

5.01 

6.13 

6.98 

12.41 

2.40      1.20 

2.00      1.30 

.40 

1.00 

4.40 

5.20 

«7 

4.71 

12.18      6.01 

8.22 

2.18      3.20  .    2.;M)        .80 

.40 

.80      5.30 

3.60 

28 

4.69 

14.91 

7.87 

5.84 

2.12      3.20  .    4..')0      3.00 

.40 

.70 

4.20 

2.60 

29 

5.08 

7.30 

5.16 

2.06       1.60  ,    5.10      2.30 

.30 

1.40 

3.10 

2.30 

80 

4.90 

6.91 

4.71 

2.08 

1.70  1    4.20      1.80 

.30 

1.00 

2.00 

2.10 

81 

5.07 

6.28 

2  15 

'    a  !?ii      !»  4ft 

. — .. . 

1.10 

1.00 

a  Mud  around  gage. 
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FLINT  RIVER,  AT  ALBANY,  GEORGIA. 

This  river,  known  to  the  Indians  as  the  "  Thronateeska,"  rises  in  the 
vest-central  part  of  Georgia  and  flowing  in  a  southerly  direction  cuts 
tlirough  Pine  Mountain  Range  just  Inflow  Molena.  It  joins  the 
('hattahoochee  to  form  Apalachicola  River.  Its  drainage  area  is  hilly 
and  rolling  on  the  headwater  and  level  at  the  lower  end.  It  is  largely 
cultivated,  but  most  of  th^  ground  is  well  terraced.  A  station  was 
established  at  Molena,  Georgia,  June  7,  1897.  Measurements  were 
made  during  1807  and  1898,  and  a  rating  table  constructed  by  Prof. 
B.  M.  Hall.  The  alternate  accumulation  and  washing  out  of  sedknent 
in  an  eddy  one-half  mile  below  so  affect<?d  the  gage  height  that  it  has 
not  been  possible  to  establish  a  definite  relation  between  them  and  the 
discharge  measurements,  and  the  station  was  discontinued  June  2, 1898. 
Records  of  measurement  made  at  Molena  may  be  found  as  follows: 
1897,  Eighteenth  Annual  Report,  Part  IV,  page  234;  1898,  Ninet^nth 
Annual  Report,  Part  IV,  page  233.  Two  measurements  were  made  in 
1 899  at  the  Macon  and  Birmingham  bridge,  near  Woodbury,  Georgia, 
5  miles  below  the  old  Molena  station.  The  gage  heights  are  assumed, 
based  on  permanent  l>ench  marks.  Fii*st  measui^ement,  January  29, 
gage  height,  ().8()  foot;  discharge,  590  second-feet.  Second  measure- 
m«mt,  August  29,  gage  height,  0.57  foot;  discharge,  4G1  second-feet. 

The  United  States  Weather  [bureau  has  a  gage  rod  at  Reynold.s, 
80  miles  al)ove  Albany.  It  was  erected  in  1893  by  the  United  Stat-es 
Engineer  Corps.  The  rod  is  attached  to  the  middle  pier  of  the  rail- 
road bridge,  3  miles  east  of  the  town.  The  drainage  area  above  Rey- 
nolds is  reported  to  be  2,000  square  miles. 

A  second  station  has  been  maintained  at  Albany,  Georgia,  by  the 
United  States  Weather  Bureau.  The  drainage  area  at  this  point  is, 
approximately,  5,000  square  miles.  Mr.  J.  B.  Marbury,  the  loi»al  fore- 
cast official  at  Atlanta,  Georgia,  furnishes  the  following  information: 

The  river  gage  is  in  two  sections,  the  long  section,  from  10  to  36  feet,  is  nailed 
in  two  segments  to  the  south  face  downstream  side  of  the  west  pier,  on  the  ri^ht 
or  Albany  side  of  the  river;  the  short  section  is  nailed  to  a  cypress  tree  120  feet 
down  the  river  from  the  pier.  The  top  of  the  pier  foundation  sill  is  8. 1  feet  above 
low  water.  A  second  gage,  reading  from  zero  to  21  feet,  is  nailed  to  a  cypress  tree 
on  the  left  bank  of  the  river  about  100  feet  downstream  from  the  point  where  the 
south  side  of  Commerce  street,  if  extended,  would  cross  the  river.  The  first  bench 
mark  is  the  top  of  the  wide  marble  foundation  stone  of  the  African  Methodist 
Episcopal  Church,  corner  of  Washington  and  State  streets,  Albany,  (Georgia.  It 
is  49.5  feet  above  zero  of  gage.  A  second  bench  mark  is  the  top  of  the  sill  of  the 
old  wharf  at  the  foot  of  Broad  street.  It  is  3  feet  above  low  water.  The  observer 
is  John  £.  Clark.    No  measurements  of  discharge  were  made  in  1899  at  this  station. 
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tkiUy  gage  height,  in  feet,  of  Flint  River  at  Albany,  Georgia,  for  1899, 


Day. 


I  >  '  I  I  '  I 

Jan.  '  Feb.     Mar.     Apr.     May.  I  June.   July.    Aug. 


1.  .- 

2... 

3... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
18... 
14... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
2(5... 
26... 
27... 
28... 
29... 
30... 
31... 


6.70 

6.50 

6.40 

6.40 

7,30 

9.20 

10.00 

10.00 

9.50 

11.60 

18.60 

16.70 

16.80 

17.00 

17.00 

17.50 

18.00 

18.80 

17.30 

16.90 

15.30 

14.10 

12.30 

11.00 

10.20 

9.40 

8.70 

8.20 


7. 

7. 
7. 


90 
90 
90 


8.80 
8.70 
8.90 
9.20 
9.00 
10.80 
11.60 
12.30 
13.80 
14.60 
15.90 
17.30 
18.20 
19.90 
21.80 
19.00 
17.60 
16.90 
15.20 
14.60 
14.30 
13.90 
13.20 
13.00 
12.00 
11.30 
10.20 
12.30 


14.30 

14.30 

15. 10 

15.90 

15.90 

14.30 

13.  a) 

12.10 

11.80 

11.50 

10.90 

9.40 

8.30 

8.00 

7.80 

8.30 

8.90 

9.60 

10.40 

11.30 

12.80 

11.90 

11.60 

11.50 

11.30 

10.60 

10.00 

9.40 

9.20 

8.90 

9.10 


8.30 
7.80 
7.00 
6.70 
6.40 
6.90 
7.50 
8.00 
7.40 
7.80 

8.  a) 

7.40 
6.90 
6.50 
5.00 
5.00 
5.00 
5.20 
5.30 
5.50 
5.50 
5.50 
5.51) 
5.90 
6.70 
6.90 
7.00 
6.30 
6.00 
5.80 


5. 
4. 
4. 
4. 
4. 
4. 


.40 
,80 
40 
20 
10 
,00 
3.80 
3.30 
3.00 
2.80 
2.60 
2.40 
2.00 
1.80 


70 
50 


1.30 
1.20 
1.00 
.90 
.90 
.90 
1.00 
2.30 
3.80 
4.30 
5.40 
4.30 
3.80 
3.00 
2.50 


2: 40 

0.50 

4.30 

2.40 

.60 

4.70 

2.20 

.40 

4.90 

2.00 

.20 

4.90 

2.00 

.10 

4.10 

2.00 

.00 

3.90 

2.00 

.20 

3.50 

1.90 

.40 

3.30 

1.70 

.00 

3.00 

1.30 

-.10 

2.60 

1.20 

-.10 

2.60 

1.20 

-.20 

2.30 

1.20 

-.30 

2.20 

1.30 

-.40 

1.80 

.90 

-.30 

1.50 

.70 

-.40 

1.20 

.50 

-.50 

1.00 

.50 

-.60 

1.00 

.40 

-.60 

1.00 

.40 

-.60 

.80 

.40 

—.70 

.70 

.30 

-.70 

.70 

.30 

-.70 

.90 

.60 

—.80 

1.10 

.80 

-.80 

1.60 

.90 

-.30 

.5«« 

.90 

-.70 

.30 

.80 

—.90 

.30 

.80 

1.80 

.30 

1.30 

1.70 

.20 

5.00 

.20 

Sept. 


2.60 
2.10 
2.00 
2.30 
2.20 
2.00 
2.00 
2.00 
2.10 
2.10 
2.00 
2.10 
2.20 
2.20 
2.30 
2.40 
2.50 
2.20 
2.30 
1.80 
1.60 
1.50 
1.20 
1.10 
1.20 
1.30 
1.80 
1.90 
1.90 
1.90 


Oct. 


0.40 

.10 

.20 

.20 

.20 

.30 

90 

30 

60 

90 

40 

2.40 

2.40 

2.70 

2.80 

2.80 

2.90 

3.00 

3.00 

2.90 

8.20 

3.40 

3.20 

2.70 

2.70 

2.50 

1.70 

1.30 

.90 

.70 

.50 


Nov. 


0.60 

.70 

.70 

.70 

.70 

.70 

.60 

.00 

.60 

.50 

.50 

.40 

.20 

.30 

.60 

.70 

.80 

.80 

.90 

.80 

.80 

.90 

.90 

1.00 

1.20 

1.50 

1.60 

1.70 

2.20 

2.60 


Dec. 


4.10 
4.30 
4.50 
4.60 
4.50 
4.20 
8.90 
3.80 
3.70 
3.50 
8.30 
3.70 
8.90 
4.10 
4.30 
4.30 
4.00 
3.80 
3.60 
8.30 
3.10 
3.40 
8.50 
3.50 
8.70 
3.90 
4.00 
4.20 
2.50 
4.90 
5.90 


CHATTAHOOCHEE  RIVER  AT  OAKDALE,  GEORGIA. 

This  river  rises  in  the  northeastern  part  of  Georgia  and  flows  in  a 
southwesterly  direction  to  the  boundary  line  between  Georgia  and 
Alabama,  when  it  turns  to  the  southward  and  forms  the  dividing  line 
between  these  States  to  the  southern  border  of  Georgia,  where  it  joins 
Flint  River  to  form  the  Apalachicola.  Its  watershed  above  the 
mouth  of  Chestatee  River  is  mountainous  and  over  80  per  cent  in  oak 
forests;  from  thence  to  West  Point,  Georgia,  it  is  narrow  and  hilly  and 
about  50  per  cent  is  under  cultivation.  From  West  Point  to  Colum- 
bus, Gkiorgia,  is  through  a  rocky,  mountainous,  well-wooded  country. 
Below  Columbus,  Georgia,  the  river  is  navigable,  but  the  country  is 
hilly,  consisting  of  extensive  high  plains  traveled  by  deep  narrow 
valleys.  The  drainage  area  *above  Oakdale  is  entirely  mapped  on 
the  following  atlas  sheets:  Marietta,  Walhalla,  Dahlonega,  EUijay, 
Suwanee,  Gainesville,  and  Atlanta.  A  large  number  of  important 
water-power  privileges  occur  on  the  tributaries  and  on  the  main  river. 
The  most  important  fall  occurs  near  Columbus,  where  the  river 
descends  120  feet  in  4  miles.  A  fall  of  302  feet  from  West  Point  to 
Columbus,  a  distance  of  34  miles,  occurs  in  a  number  of  shoals,  sepa- 
rated by  stretches  of  comparatively  quiet  water.  Elaborate  surveys 
of  shoals  near  Atlanta,  Georgia — Vining  Shoal,  32  feet,  and  Bull  Sluice, 
50  feet — have  been  made  by  companies  with  the  object  of  develop- 
ment and  electric  transmission  to  Atlanta.  Two  gaglfcg  stations  are 
maintained  on  the  Chattahoochee  River,  one  at  Oakdale,  about  8  miles 
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northwest  of  Atlanta,  and  the  other  at  West  Point,  Georgia,  where 
the  Chattahoochee  River  reaches  the  Alabama  State  line.  The  sta- 
tion was  established  at  Oakdale  by  Cyrus  C.  Babb  on  October  17, 1895. 
It  is  described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  85. 
It  was  located  at  the  Southern  Railway  bridge,  1  mile  above  the  mouth 
of  Proctor  Creek. 

On  July  30,  1896,  the  location  of  the  station  was  changed  to  Mason 
&  Turners  Ferry,  1  mile  below  Oakdale.  The  gage  at  this  point, 
known  as  the  ** Oakdale  lower  gage,"  is  nailed  to  a  tree  on  the  right 
bank,  100  feet  below  the  ferry,  and  set  1  foot  lower  than  the  gage  at 
the  Southern  Railway  bridge.  On  June  1,  1899,  the  lower  gage  was 
discontinued  and  the  upper  gage  resumed  and  adopted  by  the  United 
States  Weather  Bureau,  the  United  States  Geological  Survey  still 
receiving  the  records  and  making  current-meter  discharge  measure- 
ments at  that  point.  The  gage  recently  put  in  and  now  used  is  set 
on  the  same  datum  as  the  old  wire  gage  of  the  United  States  Geolog- 
ical Survey,  established  at  that  point  by  Mr.  Babb  in  1895,  and  above 
referred  to,  but  is  a  vertical,  timber,  rod,  3.25  inches  by  6  inches  by  28 
feet,  bolted  with  five  iron  bolts  to  the  east  side  of  tlie  center  pier  of  the 
Southern  Railway  bridge.  It  is  well  painted  and  is  graduated  into  feet 
with  brass  figures  and  into  tenths  with  copper  nails  from  —1.5  feet 
to  +26.5  feet,  making  its  total  length  28  feet.  Its  zero  point  is  753.5 
feet  above  sea  level.  Bench  mark  No.  1  is  a  railroad  spike  in  corner 
of  pier,  right  bank,  12.39  feet  above  datum  of  gage.  Bench  mark  No. 
2  is  top  of  downstream  iron  girder  under  cross-ties,  23  feet  from  w^est 
end  of  bridge,  and  is  54.75  feet  above  gage  datum.  The  flow  is 
obstructed  by  rafts,  which  have  to  be  cleared  from  the  channel  occasion- 
ally. The  channel  is  straight  and  the  current  swift.  The  banks  are 
subject  to  overflow.  The  bed  of  the  stream  is  constant  and  the  results 
obtained  fairly  good.  All  discharge  measurements  made  in  1899  are 
referred  to  the  upper  gage  at  the  railroad  bridge.  The  results  of 
measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  85;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  236;  1898,  Twentieth  Annual  Report,  Part  IV,  page  182.  The 
following  measurements  were  made  during  1899  by  B.  M.  Hall  and 
assistants : 

MeasureTnents  of  Cliaitahoochee  River  at  Oakdale.  Georgia. 
h?l^t.    Discharge.  Date. 


Date. 


March  11... 

Mayl 

May  36 

JuneU 


Feet. 
4.36 
8.80 
2.a6 
3.02 


Sec-feet. 
4,397 
8,452 
2,678 
4,788 


189a 

Septemher  9. 
October  6.... 
October  17 . . . 
November  18 


Oage 
height. 

1 
Discharge.' 

1 

Feet. 

1.3S 

.67 

.54 

.42 

Sec,-fcet. 

1,45S 

I.ISO 

1,068 

968 

A  number  of  miscellaneous  discharge  measurements  were  made 
on  tributaries  of  Chattahoochee  River  by  B.  M.  Hall  and  his  assists 
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ants  during  1890.  They  are  as  follows,  arranged  in  geographic 
order  from  the  headstream  down:  Three  measurements  of  Soquee 
River  were  made  at  Porter  Mills,  near  Clarksville,  Georgia.  The 
first,  on  May  29,  showed  a  discharge  of  342  second-feet;  the  second, 
on  June  7,  gave  a  discharge  of  239  secondrfeet;  the  third,  on  June  10, 
gave  a  discharge  of  231  second-feet.  The  measurement  of  Hazel 
Creek,  below  the  ford  between  Demorest  aud  Porter  Mills,  on  June 
10,  showed  a  discharge  of  63  second-feet.  Two  measurements  were 
made  on  Chattahoochee  River  at  Shallow  Ford  bridge,  near  Gaines- 
ville, Georgia,  5  miles  above  the  mouth  of  Chestatee  River.  The 
first,  on  June  22,  at  a  gage  height  of  1.30  feet,  showed  a  discharge  of 
933  second- feet;  the  second,  on  October  10,  at  a  gage  height  of  0.95 
foot,  showed  a  discharge  of  613  second-feet.  Chestatee  River  at  New- 
bridge post-oflBice,  Georgia,  was  discharging  354  second-feet  on  July 
19.  Chattahoochee  River  at  Barkers  Ferry,  near  Buford,  Georgia, 
was  carrying  782  second-feet  on  November  17.  Sweetwater  Creek 
enters  the  Chattahoochee  10  miles  below  Oakdale,  Georgia.  Three 
measurements  of  its  discharge  were  made  at  the  Strickland  bridge 
near  Austell.  The  first  measurement,  on  April  19,  gage  height,  3.20, 
showed  a  discharge  of  402  second-feet;  the  second,  on  June  24,  gage 
height,  1.1  feet,  gave  a  discharge  of  242  second-feet. ,  The  third  meas- 
urement, on  October  24,  gave  a  discharge  of  108  second-feet.  The 
three  following  measurements  were  made  of  Chattahoochee  River, 
between  Oakdale  and  West  Point:  October  3,  at  Moodys  bridge, 
on  the  Owensbyville  wagon  road,  at  a  gage  height  of  0.0  feet,  the  dis- 
charge was  1,165  second-feet;  on  October  4  the  river  at  Franklin, 
Georgia,  about  40  miles  above  West  Point,  at  a  gage  height  of  —0.70 
foot,  showed  a  discharge  of  1,164  second-feet;  on  November  4  this 
river  at  McGrees  bridge,  about  20  miles  above  West  Point,  Georgia, 
at  a  gage  height  of  0.40  foot,  w^as  carrying  1,670  second-feet. 

Yellow  Jacket  Creek,  at  its  mouth  just  above  McGees  bridge,  was 
discharging  77  second-feet  on  November  4. 

Daily  g<ige  height,  in  feet,  of  Chatta/wochee  River  at  Oakdale,  Georgia,  for  1899. 

LOWER  QAGE  AT  MASON  &  TURNER'S  FERRY,  (a) 


Day. 
1... 

Jan. 

Feb. 

Mar. 
9.80 

Apr. 

May. 

Day. 

Jan. 
4.75 

Fob. 
7.25 

Mar. 

Apr. 
5.25 

May. 
3.60 

4.25 

5.10 

18.00 

4.70 

17 

24.25 

2..-- 

4.75 

4.60 

6.85 

7.75 

4.46 

18 

4.60 

6.10 

11.00 

4.95 

3.50 

3.... 

3.fl0 

5.80 

6.17 

6.60 

4.40 

19 

4.10 

6.60 

10.50 

6.00 

3.55 

4.... 

3.40 

4.90 

5.90 

7.76 

4.36 

20 

3.90 

4.90 

16.00 

4.95 

3.50 

5...- 

3.10 

6.50 

8.10 

6.60 

4.60 

21 

3.75 

5.25 

8.75 

4.a5 

3.45 

6... 

3.75 

10.00 

8.50 

5.90 

6.10 

22 

8.60 

5.20 

7.25 

4.65 

5.50 

7.... 

ft.  75 

16.00 

6.40 

6.60 

4.60 

23 

3.90 

6.00 

9.50 

4.75 

3.60 

8.... 

ft.  10 

21.60 

5.90 

7.76 

4.35 

24 

4.25 

4.90 

9.00 

4.  ft). 

3.50 

».... 

5.25 

18.40 

5.60 

7.60 

4.25 

25 

4.10 

4.60 

6.50 

7.25 

8.35 

10.... 

4.70 

9.60 

6.25 

7.10 

4.10 

26 

4.25 

10.23 

7.10 

8.00 

3.25 

U-V. 

0.80 

6.40 

6.10 

6.80 

4.00 

27 

3.70 

22.13 

6.20 

0.25 

3.15 

12.... 

4.75 

6.60 

5.00 

6.75 

8.95 

28 

3.45 

18.88 

6.10 

5.25 

3.10 

18.... 

4.26 

4.90 

4.05 

5.25 

3.90 

29 

8.25 

7.90 

5.00 

3.20 

14.... 

4.60 

4.10 

6.25 

5.20 

3.85 

30-.... 

3.50 

6.45 

4.80 

6.10 

16.... 

5.60 

4.60 

10.00 

5.10 

3.80 

31 

4.66 

12.30 

3.40 

16  ... 

4.90 

6.60 

21.60 

6.00 

3.70 

1 

i 

aDiflcoDtlnued  May  31. 
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UPPER  GAGE  AT  SOUTHERN  RAILWAY  BRIDGE. 


Day.  June.  Jul5^  'Aujj 


1. 

2. 

3. 

4. 

6. 

6. 

7- 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


8.45 

1.50 

1.70 

3.40 

1.40 

1.40 

2.30 

1.35 

1.20 

2.10 

1.26 

1.10 

2.06 

1.20 

1.10 

2.00 

1.40 

1.00 

2.00 

1.40 

.90 

2.06 

1.40 

.80 

2.05 

1.40 

.70 

2.10 

1.30 

.00 

2.15 

1.30 

.60 

2.75 

1.10 

.50 

4.80 

1.10 

.50 

4.00 

.90 

.50 

2.80 

.80 

.50 

2.35 

.80 

.flf) 

Sept. 

Oct. 
0.40 

Nov. 
0.60 

Dec. 
1.30 

Day. 

Jane. 

1 

July.   Aug. 

1 

Sept. 

0.50 

!  Oct. 

,  0.50 

!Not. 

1 

D«-. 

4.60 

17... 

* 

1  2.05     0.80     0.60 

1 

1  O.GIJ 

1.60 

2.70 

.10 

'.50 

1.80 

,  18... 

2.05 

1.08  ,     .60 

.30 

,     .60  ,    .511  I  1.31  i 

2.10 

.10 

.50 

1.50 

19... 

2.U) 

1.30       .50 

.40 

1     .60  1    .30     LH«  , 

1.90 

.10 

.50 

1.40 

20... 

1.90 

1.00  ,     .40 

.40 

.80  i    .*»    i.ai  ' 

1.60 

.40 

.50 

1.10 

21... 

1.75 

1.85'    .40 

.40 

.90       .40  1  1.10  1 

1.00 

.60 

.40 

.90 

23... 

1.70 

3.80       .40 

.40 

.70      .90  '  1.1»  ; 

.90 

l.«0 

.40 

.80 

23... 

1.65 

3.30       .30 

.:» 

.60     2.W  )3.4ii  1 

.80 

1.50 

.40 

.80 

24... 

1.55 

1.90       .2l» 

.30 

.50     2.40     5.511  i 

.70 

2.00 

.40 

.80 

25.. 

1.80 

.80  1     .10 

.30 

.50 

1.  ill  1  4  0)  1 

.70 

1.20 

.40 

.80 

28... 

1  2.05 

2.10,     .20 

.30 

.40 

3.00    a4<» 

3.00 

.90 

.40 

.70 

27... 

1  2.20 

2.10  '  5.20 

.30 

.50 

2.80     2.40 

1.10 

.70 

.70 

2.20 

28.. 

3.00 

5.90     3.40 

.30 

.50 

2.70  I  2.«l» 

.90 

.70 

.50 

6.40 

29... 

1.80 

3.40  ,  1.40 

.20 

.90 

2.10 

2.10 

.80 

.70 

.50 

3.10 

30... 

,  1.60 

8.30     3.20 

.30 

.70 

1.80 

l.«l 

.70 

.60 
.50 

.50 
.60 

2.40 
1.80 

31... 

8.20    2.80 

.60 

1.70 

.60 

1 

(CHATTAHOOCHEE  RIVER  AT   WEST  POINT,  GEORGIA. 

This  Station  was  established  July  30,  1896,  by  Max  Hall,  and  is  at 
the  highway  bridge  in  West  Point,  Georgia,  about  1,200  feet  above 
the  railroad  passenger  station.  A  wire  gage  is  suspended  from  the 
bridge  and  referred  to  four  bench  marks.  First  bench  mark,  down- 
stream end,  top  of  first  iron-floor  beam  from  the  west  bank  pier  of 
highway  l)ridge,  elevation  24.01  feet  above  datum;  second  bench 
mark,  downstream  end,  top  of  second  iron-floor  beam  from  west  Iwink 
pier  of  the  highway  bridge,  elevation  24.19  feet  above  datum;  third 
bench  mark,  top  of  second  stone  pier,  Atlanta  and  West  Point  Rail- 
road bridge,  1,000  feet  upstream,  elevation  24.65  feet;  fourth  bench 
mark,  notch  in  large  oak  tree,  east  bank  of  river,  100  feet  above 
wagon  bridge,  elevation  19.26  feet.  The  length  of  the  wire  ^a.ge  is 
33.46  feet.  The  gage  was  last  verified  March  14,  1899.  The  channel 
is  straight  and  without  obstructions,  except  from  the  piers  of  the 
bridge.  The  flow  is  sluggish  in  low  stages  of  water.  -The  banks 
overflow  at  high  water,  but  all  ordinary  stages  of  wat«r  pass  through 
the  main  channel.  The  bed  of  the  stream  is  fairly  const-ant.  The 
observer  is  C.  P.  Jennings,  a  clerk  in  the  Atlanta  and  West  Point 
freight  depot,  lie  is  paid  by  the  United  States  Weather  Bureau. 
The  results  of  measurements  at  West  Point  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  92;  1897,  Ninete<?nth 
Annual  Report,  Part  IV,  page  239;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  183.  The  following  measurements  were  made  by  B.  3i. 
Hall  and  his  assistants  during  1899: 

March  14,  gage  height,  5.30  feet;  discharge,  8,736  second-feet. 
April  24,  gage  height,  4.72  feet;  discharge,  7,144  second-feet. 
May  13,  gage  height,  3.80  feet;  discharge,  4,828  second-feet. 
June  26,  gage  height,  3.06  feet;  discharge,  3,234  second-feet. 
September  12,  gage  height,  3.10  feet;  discharge,  3,689  second-feet. 
October  18,  gage  height,  2.07  feet;  discharge,  2,088  second-feet. 
December  16,  gage  height,  3.49  feet;  discharge,  4,111  second-feet 
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DaUy  gage  height y  in  feet ^  of  Chattahoochee  River  at  West  Point,  Georgia,  for  1899. 


Day. 

JazL 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 
2.40 

Oct. 

Nov. 

Dec. 

1 

4.30 

4.50 

14.50 

10.00 

4.30 

3.60 

3.00 

2.50 

1.10 

2.10 

4.40 

2 

4.35 

4.65 

12.70 

7.70 

4.20 

3.31) 

2.80 

2.30 

2.00 

1.80 

2.10 

4.30 

3 

4.20 

10.20 

6.60 

7.00 

4.10 

3.20 

2.70 

2.80 

2.90 

1.30 

1.90 

3.40 

4 

4.10 

8.30 

5.80 

7.15 

3.90 

3.10 

2.50 

2.80 

2.40 

1.10 

1.90 

3.40 

5 

4.00 

7.20 

6.40 

6.70 

8.80 

3.00 

2.40 

2.70 

2.10 

1.40 

1.90 

8.40 

6 

4.00 

5.80 

7.00 

6.40 

3.75 

3.00 

2.40 

2.80 

3.00 

1.60 

1.90 

3.20 

7 

5.60 

9.10 

6.10 

6.90 

3.75 

2.90 

2.40 

2.80 

2.90 

1.80 

1.90 

3.10 

8 

5.76 

13.80 

5.60 

7.30 

3.70 

2.80 

2.80 

2.70 

2.00 

3.40 

1.90 

3.10 

9 

5.60 

18.00 

5.20 

6.80 

3.80 

2.80 

2.90 

2.40 

1.90 

2.70 

1.90 

2.90 

10 

5.60 

9.05 

5.00 

6.80 

4.00 

3.00 

3.00 

2.30 

2.90 

2.60 

1.90 

2.00 

11 

7.00 

6.80 

4.90 

6.00 

3.80 

3.10 

3.20 

2.10 

2.50 

2.30 

1.90 

2.40 

12 

8.80 

5.90 

4.85 

5.40 

3.70 

3.20 

2.50 

2.20 

3.10 

2.30 

1.90 

3.50 

13 

5.90 

5.20 

4.90 

5.15 

8.65 

3.80 

2.30 

2.;» 

2.40 

2.10 

1.90 

4.00 

14 

5.40 

4.75 

5.00 

5.10 

3.65 

4.00 

2.:» 

2.40 

2.60 

1.90 

1.90 

4.60 

15 

6.00 

5.00 

5.10 

5.05 

3.65 

4.10 

2.30 

2.00 

2.80 

3.40 

3.10 

4.10 

16 

5.20 

5.20 

10.50 

5.00 

3.60 

z.m 

2.10 

2.50 

3.40 

2.50 

2.20 

3.60 

17 

5.00 

5.10 

12.80 

4.95 

•.).60 

3.10 

2.30 

3.00 

1.60 

2.30 

2.20 

3.10 

18 

4.90 

4.60 

13.50 

4.90 

3.50 

3.00 

2.J)0 

3.20 

1.60 

2.30 

2.10 

3.00 

19 

4.75 

4.80 

12.10 

4.80 

3.20 

2.90 

2.50 

2.90 

1.60 

2.60 

3.10 

2.80 

20 

4.60 

4.00 

10.75 

4.60 

3.10 

2.80 

2.70 

2.40 

1.50 

2.90 

2.10 

2.80 

21 

4.20 

8.75 

8.20 

4.45 

3.10 

2.80 

3.00 

2.60 

1.70 

3.30 

.2.10 

2.80 

22 

4.10 

3.60 

7.60 

4.60 

3.05 

2.60 

3.60 

2.90 

1.90 

2.40 

1.90 

2.80 

23 

4.05 

8.60 

6.90 

4.65 

3.05 

2.50 

4.20 

3.00 

2.30 

3.40 

2.00 

3.20 

24 

8.90 

3.50 

7.20 

4.70 

4.80 

2.70 

4.70 

3.20 

1.10 

2.30 

2.20 

6.00 

26 

8.60 

8.50 

7.00 

4.80 

4  10 

2.90 

3.60 

3.50 

1.20 

2.50 

3.00 

5.70 

26 

3.60 

8.50 

6.50 

5.60 

3.80 

3.40 

3.00 

3.00 

1.20 

2.10 

3.10 

5.60 

27 

8.50 

10.70 

6.20 

6.05 

3.10 

3.50 

3.20 

2.50 

1.20 

2.00 

3.40 

4.10 

28 

3.65 

15.20 

6.15 

5.10 

3.40 

3.20 

5.90 

3.10 

1.30 

2.10 

3.20 

3.60 

29 

8.75 

8.80 

6.00 

3.30 

3.00 

3.30 

3.60 

1.80 

2.10 

3.60 

3.40 

80 

4.00 

6.80 

4.70 

3.25 

3. 20 

2.90 

2.90 

1.90 

2.20 

4.20 

3.80 

81 

4.75 

7.15 

4.00 

—•"•"" - 

2.70 

2.10 

2.10 

3.20 

A  statioH  has  been  maintained  by  the  United  States  Weather  Bureau 
at  Euf aula,  Alabama,  80  miles  below  West  Point.  The  rod  is  attached 
to  the  west  side  of  brick  pier  of  wagon  bridge.  The  top  of  brick  foun- 
dation of  pier  on  west  bank  is  48.5  feet  above  gage  datum.  The 
drainage  area  above  this  point  is  reported  to  be  6,900  square  miles. 


ETOWAH   RIVER   AT  CANTON,  GEORGIA.    ' 

The  headwaters  of  this  stream  adjoin  those  of  Chattahoochee  River 
on  the  east,  and  the  headwater  tributaries  of  Ooosawattee  River  on 
the  west.  Its  drainage  area  is  on  the  southern  slope  of  the  Blue 
Ridge  Mountains,  and  it  flows  westerly  into  the  Gulf  drainage.  A 
Bumber  of  fine  water  powers  occur  throughout  its  length,  the  one  at 
Cartersville,  where  it  crosses  the  western  fall  line,  being  especially 
noted.  This  river  joins  the  Oostanaula  at  Rome,  Georgia,  to  form 
Coosa  River.  Its  drainage  basin  is  mapped  on  the  following  atlas 
sheets:  Ellijay,  Cartersville,  and  Suwanee.  The  gaging  station  was 
established  by  the  United  States  Weather  Bureau  March  12, 1892.  It 
is  located  at  the  iron  highway  bridge  over  the  Etowah  River,  about 
1,000  feet  north  of  and  upstream  from  the  Atlanta,  Knoxville  and 
Northern  Railway  station,  Canton,  Georgia,  and  about  one-half  a 
mile  above  the  mouth  of  Canton  Creek.  The  bench  mark  is  the  top 
of  one  of  the  four  pieces  of  track  iron  which  forms  a  cap  on  the  left 
pier,  upstream  side,  and  on  which  the  bridge  rests,  and  is  at  an  €ileva- 
tion  of  23.30  feet  above  datum.     Up  to  about  14  feet  the  river  is  con- 
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fined  between  its  banks,  but  above  this  stage  the  river  begins  to 
overflow  the  bottom  lands.  The  reports  of  discharge  measurements 
are  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
95;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  242;  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  189.  The  following  measure- 
ments were  made  by  B.  M.  Hall  and  his  assistants  in  1899 : 

April  27,  gage  height,  1.92  feet;  discharge,  2,087  second-feet. 
Jnne  2S,  gage  height,  0.25  foot;  discharge,  770  second-feet. 
September  27,  gage  height,  — 0.10  foot;  discharge,  406  second-feet. 
Noyember  10,  gage  height,  — 0.10  foot;  discharge,  420  second-feet. 

Long  Swamp  Creek  enters  Etowah  River  13  miles  above  Canton, 
Georgia.  On  April  21  it  was  measured  at  Revis  Bridge,  near  Ball- 
ground,  Georgia,  and  showed  a  discharge  of  188  second-feet.  Four- 
mile  Creek,  a  tributary  of  Long  Swamp  Creek,  was  measured  April  21 
near  Ballground,  Georgia,  and  showed  a  discharge  of  20  second-feet. 
Sharp  Mountain  Creek  enters  the  Etowah  8^  miles  above  Canton. 
On  November  10  a  measurement  of  this  stream,  made  by  B.  M.  Hall 
near  Ballground,  Georgia,  showed  a  discharge  of  34  second-feet. 

« 

Daily  gage  height,  in  feet,  of  Etoirah  River  at  Canton,  Georgia,  for  1S99. 


Day. 


1 

2 

4 

5 

« 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16 

17 

18 

Ifi 

20 

21 

28].!!. 

24 

25 

28 

27 

28 

29 

30 

31 


Jan. 


Feb. 


1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.60 
1.40 
1.40 
1.40 
1.40 
1.80 
1.80 
2.80 
2.60 
2.40 
2.30 
2.30 
2.20 
2.20 
2.00 
1.80 
1.80 
2.00 
2.80 
2.00 
1.80 
1.80 
1.80 
10.00 
6.00 


1.60 
1.60 
1.80 
2.80 
3.00 
6.20 
8.00 
4.00 
3.20 
3.00 
2.00 
(a) 

(a) 
(a) 
3.00 
2.00 
2.00 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 
1.60 
1.40 
1.80 
10.00 
6.00 


Mar. 


Apr. 


3.00 
2.80 
2.80 
2.60 
2.40 
2.00 
1.80 
1.80 


1. 
1. 
1. 
1. 
1. 
3. 


60 
SO 
50 
40 
40 
60 


7.00 
18.20 
18.00 
4.00 
4.00 
8.00 
2.00 
2.00 
2.00 
1.80 
1.80 
2.80 
2.00 
1.80 
2.80 
2.00 
2.00 


2.40 
2.20 
2.00 
8.80 
3.00 
2.80 
2.80 
4.00 
3.00 
2.80 
2.00 
1.80 
1.80 
1.80 
1.80 
1.60 
1.60 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.80 
4.80 
3.00 
2.80 
2.00 
1.80 
1.70 


May. 

June. 

1.60 

1.00 

1.50 

1.40 

1.40 

1.40 

1.40 

4.40 

1.40 

3.00 

1.40 

1.00 

1.40 

1.00 

1.40 

1.00 

1.60 

1.00 

1.60 

1.00 

1.40 

1.40 

1.40 

1.00 

1.40 

1.60 

1.80 

1.40 

1.80 

1.40 

1.80 

1.40 

1.60 

1.40 

1.60 

1.40 

1.60 

1.40 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.20 

1.40 

1.20 

1.40 

1.20 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

1.00 

» 

Jnly.  '  Angr 


1.40 
1.40 
1.40 
1.20 
1.20 
1.00 
1.40 
1.60 
4.00 
2.00 
1.80 
1.60 
1.40 
1.40 
1.80 
1.90 
1.80 
1.80 
1.80 
1.60 
1.60 
1.60 
1.60 
1.40 
1.20 


1.40 
1.40 
1.80 
1.60 


60 
40 
20 
60 
80 


1.60 


1. 
1. 


1. 
1. 
1. 
1. 
1. 


20 
20 
20 
20 
10 


1.00 


60 

00 

1.40 

1.20 

1.20 

1.00 

1.00 

.80 

.80 

1.40 

1.40 

1.20 

1.00 

1.00 

.80 

.80 

1.40 

1.20 

1.00 

1.00 

.80 


Sept. 


Oct.     Nov.     Dec, 


0.80 
•  .60 
.60 
.60 
.60 
.60 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40  I 
.30  I 
.30  I 
.30  j 
.20  I 
.10 
.00 
.00 
.00 

-  .10 

-  .10 

-  .10 

-  .20 

-  .30 

-  .30 


-0.40 

-  .40 

-  .50 

-  .60 

-  .50 
.00 
.20 
.20 
.20 
.10 
.10 
.10 
.W 
.00 
.00 
.00 
.00 
.00 
.00 

-  .10 

-  .10 
-  .10 

-  .10 

-  .10 

-  .10 

-  .10 
.00 
.00 

-  .10 

-  .10 
-.10 


-0.10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 
-  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 
.00 
.00 
.10 
.00 
.00 
.00 
.00 
.00 
.90 
.70 
.70 

1.10 
.70 
.50 
.10 
.10 


0.10 
.40 
.40 
.40 
.20 
.20 
.20 
.20 
.20 
.30 
.30 

2.80 
.80 
..30 
.30 
.80 
.20 
.10 
.10 
.10 
.10 
.10 
.80 

3.00 

aoo 

2.00 

2.39 

1.80 

.60 

.m 

.00 


a  Qage  covered  with  lea 


C008AWATTEE  RIVER  AT  CARTERS,  GEORGIA. 


This  river  is  formed  by  the  junction  of  Ellijay  and  Cartecay  rivers 
at  Ellijay,  Georgia,  and  flows  in  a  southwesterly  direction,  joining 
the  Con^isauga  to  form  the  Oostanaula.     Its  drainage  ai*ea  is  for  the 
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most  part  mountainous  and  covered  with  forest  growth.  The  station 
was  established  August  15,  1896,  at  the  iron  highway  bridge  at  Car- 
ters, Murray  County,  Georgia,  about  20  miles  northeast  of  Calhoun, 
the  most  convenient  railroad  station.  It  is  described  in  the  Eight- 
eenth  Annual  Report,  Part  IV,  page  96.  Charters  is  the  head  of  navi- 
gation, small  boats  running  to  Rome,  Georgia,  and  the  Coosa  River 
below.  It  is  at  the  foot  of  the  great  shoals  made  by  this  stream  in 
cutting  through  the  Cohutta  Mountains,  the  last  of  which  is  Carters 
Shoals,  a  short  distance  above  the  bridge,  with  a  fall  of  50  feet.  The 
drainage  area  above  this  point  is  532  square  miles,  of  which  150 
square  miles  is  on  the  Talking  Rock  Creek,  which  enters  the  river 
one-half  mile  above.  The  basin  is  mapi)ed  on  Dalton,  EUijjay,  Car- 
tersville,  and  Suwanee  atlas  sheets.  The  length  of  the  wire  gage  is 
37.24  feet.  The  top  of  the  cylindrical  iron  pier  at  the  right-bank 
downstream  comer  of  bridge  is  30. 35  feet  above  gage  datum.  The 
gage  was  last  verified  in  August,  1898.  The  current  is  swift,  but  is 
broken  by  a  gravel  bar  above  the  section.  The  bed  is  gravelly  and 
not  apt  to  change.  The  banks  are  high,  but  occasionally  overflow  in 
high  water.  The  observer,  H.  S.  Weems,  merchant  at  Carters, 
Georgia,  gives  his  services  to  the  Survey  without  compensation. 
Records  of  measurement  maybe  found  as  follows:  1896  and  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  244;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  191.  The  following  measurements 
were  made  by  O.  P.  Hall  and  Max  Hall  in  1899: 

January  28,  gage  height,  2.14  feet;  discharge,  868  second-feet. 
March  14,  gage  height,  8.95  feet;  discharge,  5,240  second-feet. 
March  14,  gage  height,  7. 70  feet;  discharge,  4,682  second-feet. 
May  26,  gage  height,  2.35  feet; -discharge,  906  second- feet. 
June  22,  gage  height,  1.75  feet;  discharge,  653  second- feet. 
October  19,  gage  height,  1.10  feet;  discharge,  377  second-feet. 

A  number  of  measurements  of  the  tributaries  of  Coosawattiee 
River  have  been  made  during  the  past  season.  EUijay  River,  at  the 
wagon  bridge  near  EUijay,  Georgia,  was  measured  on  October  13,  and 
showed  a  discharge  of  80  second-feet.  Talking  Rock  Creek,  which 
enters  Coosa wattee  River  just  above  Carters  Station,  was  measured 
twice  during  the  year,  the  first  time  on  May  26,  when  the  discharge 
was  144  second-feet,  and  the  second  time  on  June  22,  when  the  dis- 
charge was  114  second-feet.  April  22  Scared  Corn  Creek,  a  tributary 
of  Talking  Rock  Creek,  was  discharging  32  second-feet.  Sallacoa 
Creek,  which  enters  Coosawattee  River  from  the  south  1  mile  above 
Fields  Mill  Ferry,  was  measured  on  May  20,  when  the  discharge  was 
found  to  be  103  second-feet.  Coosawattee  River  itself  at  Fields  Mill 
Ferry,  5i  miles  above  its  junction  with  the  Conasauga,  was  measured 
October  14,  showing  a  discharge  of  388  second-feet. 
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Daily  gage  height,  infe$t,  of  Coosawattee  Biver  at  Carters,  Georgia^  for  1899^ 


Day.       Jan 


Feb.  '  Mar. 


1.80 

2.50 

2 

1.90 

3.0G 

3 

1.90 

3.60 

4 

2.00 

15.80 

5 

2.06 

14.00 

«... 

2.10 

13.20 

0m 

t 

2.00 

12.60 

8 

3.00 

8.00 

» 

2.00 

6.  a) 

10  .... 

2.00 

6.00 

11    .... 

2.10 

5.00 

\'Z  ... 

2.00 

4.00 

13  .... 

1.90 

4.  or) 

U 

1.90 

4.60 

15..... 

2.00 

4.60 

16 

2.20 

4.  a) 

17 

2.80 

5.00 

18 

2.60 

4.70 

19  .... 

2.40 

3.00 

20 

2.30 

3.50 

21 

2.10 

4.00 

22 

2.10 

3.50 

23 

2.00 

3.40 

24 

2.00 

3.60 

25 

2.60 

4.00 

36 

2.30 

5.00 

,    27 

2.10 

15.00  ' 

28 

2.10 

7.00 

20 

2.10 

3U 

2.20 

31 

1 

2.40 

1 

5.00 
4.60 
3.60 
8.60 
6.10 
4.80 
4.60 
4.00 
8.20 
3.00 
3.60 
3.60 
4.00 
4.50 
19.00 
12.00 
10.00 
9.00 
7.60 
6.00 


00 
00 
00 
60 
00 
00 
20 
HO 
60 
4.00 
4.M 


Apr. 


Hay. 


5.10 
6.00 
6.20 
6.00 
5.80 
5.60 
5.50 
4.80 
4.00 
8.70 
8.60 
8.50 
3.40 
3.00 
8.00 
3.10 
4.00 
4.00 
8.76 
3.50 
3.40 
3.60 
3.50 
4.00 
6.00 
5.00 
4.00 
4.00 
8.70 
3.60 


3.40 
3.80 
3.20 
8.00 
2.90 
2.90 
2.80 
2.70 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.40 
2.80 
2.30 
2.20 
2.30 
2.30 
2.20 
2.15 
2.15 
2.10 
2.10 
2.05 
2.05 
2.00 
2.00 


June. 

July. 

Aug. 

2.00 

1.40 

1.90 

1.95 

1.60 

1.80 

1.95 

1.40 

1.80 

1.90 

1.40 

1.70 

2.00 

1.45 

1.60 

2.00 

1.40 

1.60 

1.90 

1.80 

1.46 

1.90 

1.80 

1.60 

1.85 

1.60 

1.50 

1.85 

1.60 

1.40 

1.90 

1.50 

1.40 

3.20 

1.40 

i.an 

3.00 

1.40 

1.80 

2.60 

1.40 

1.60 

2.30 

1.36 

1.50 

2.20 

1.30 

1.40 

2.10 

1.70 

1.20 

2.00 

1.60 

1.20 

1.90 

1.60 

1.15 

1.90 

1.80 

1.15 

1.80 

2.20 

1.10 

1.70 

8.00 

1.10 

1.70 

2.60 

1.10 

1.70 

2.00 

1.06 

1.60 

2.00 

1.05 

1.60 

3.20 

1.10 

1.60 

3.00 

1. 10 

1.60 

3.00 

1.05 

1.40 

2.20 

1.15 

1.45 

1.90 

1.20 

2.00 

1.10 

Sept. 


1.00 
1.06 
1.00 
1.00 
.96 
1.00 
.96 
.90 
.90 
.90 
.95 
.90 
.90 
.90 
.85 
.85 
.86 
.80 
.86 
.86 
.80 
.80 
.86 
.85 
.80 
80 
.80 
.80 
.75 

;80 


Oct 


0.75 
.76 
.70 
.65 
.66 
.70 
.70 
1.50 
l.» 
1.00 
.90 
.90 
.95 
.90 
.90 
.90 
.90 
.85 
.86 
.90 
.90 
.90 
.86 
.86 
.80 
.80 
.75 
.80 
1.00 
1.00 
.90 


Nov. 


0.96 

.90 

.90 

.90 

.86 

.86 

.80 

.80 

.90 

.80 

.80 

.90 

.90 

1.00 

.90 

.90 

1.00 

1.05 

l.QO 

1.10 

1.10 

1.00 

.90 

00 

00 

.20 

10 

1.05 

1.00 

1.00 


1. 
1. 
1. 
1. 


0.96 
1.30 

Lao 
i.ao 

LIO 
1.00 
1.10 
1.00 
.90 
.90 
1.10 
7.40 
5.00 

aoo 

2.00 
1.60 

i.ao 

1.10 
1.10 
1.30 

i.ao 

1.40 
1.50 

aoo 

2.00 
1.50 
1.30 
1.20 
1.20 
1.10 
I.IO 


OOSTANAULA  RIVER  AT  RESACA,  QEOROIA. 


This  river  is  formed  about  3  miles  al)ove  Resaca  by  the  junction 
of  Coosawattee  and  Conasauga  rivers,  the  former  having  a  drainage 
area  of  875  and  the  latter  048  square  miles,  while  there  are  4  square 
miles  between  the  junction  and  Resaca.  This  gives  a  total  drainage 
area  of  1,527  square  miles,  mapped  on  atlas  sheets  Cleveland,  EUijay, 
Dalton,  Cartersville,  and  Suwanee.  The  station  is  at  the  iron  rail- 
road bridge  of  tlie  Western  and  Atlantic  Railroad,  in  the  town  of 
Resaca,  Georgia,  1,000  feet  from  the  depot.  On  July  27,  1896,  a 
discharge  measurement  was  made  by  Max  Hall,  and  a  station  estab- 
lished using  the  Weather  Bureau  gage.  On  August  19  a  wire  gage 
was  established  and  referred  to  the  same  datum.  The  initial  point  is 
the  right  bank  end  iron  of  bridge,  downstream  side.  The  length  of 
the  wire  gage  is  43.40  feet.  The  first  bench  mark  is  on  the  top  of 
capstone  of  center  pier,  at  an  elevation  of  36.12  feet;  the  second  is 
the  top  of  crosstie  near  center,  at  an  elevation  of  40.12  feet.  The 
channel  is  straight  and  the  current  fairly  swift.  The  bed  is  soft  and 
liable  to  ehange;  the  banks  somewhat  subject  to  overflow.  The 
observer  is  S.  M.  Barnett,  railroad  agent  at  station,  who  is  also  the 
observer  for  the  Weather  Bureau.  Records  of  measurement  may 
be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
98;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  245;  1898,  Twen- 
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tieth  Annual  Report,  Part  IV,  page  190.     The  following  measurements 
were  made  by  Oliii  P.  Hall  and  Max  Hall  during  1899: 

April  26,  gage  height,  8.05  feet;  discharge,  5,146  second-feet. 
May  20,  gage  height,  4.15  feet;  discharge,  1,671  second-feet. 
June  9,  gage  height,  3.10  feet:  discharge,  1,171  second- feet. 
Jnne  21,  gage  height,  3.05  feet;  discharge,  1,087  second-feet. 
October  14,  gage  height,  1.75  feet;  discharge,  644  second-feet. 

Three  measurements  of  the  discharge  of  Conasauga  River  at  Fites 
Ferj'y,  3^  miles  above  its  mouth,  were  made  during  the  season.  The 
first,  on  June  9,  gave  a  discharge  of  224  second-feet;  second,  on  June 
21,  gave  a  discharge  of  258  second-feet,  and  the  third,  on  October  14, 
gave  a  discharge  of  122  second-feet. 

Daily  gage  height,  in  feet,  of  OostaiuinI  '   Hirt'r  at  Resaca^  Georgia,  for  1800  (a). 


Day. 

*Tan. 

1 
Feb. 

Mar. 

Apr. 

Nov. 

Dec. 

Day. 
17... 

— F 

,  Jan. 
6.10 

Feb. 

Mar. 

1 

Apr. 

Nov. 
2.00 

J-i/vO* 

1.. 

6.10 

11.00 

16.20 

13. 4() 

1.80 

2.30 

12.10 

28.60 

6.20 

3.30 

2-.'  5.00 

8  80 

9.60 

10.30 

1.70 

2.50 

18... 

6.25 

11.40 

27.30 

6.  (JO 

1.80 

2.80 

3..'  4.50 

7.95 

8.00 

8.40 

1.70 

2.60 

19... 

5.65 

10.20 

26.60 

6.10 

1.80 

2.70 

4.. 

4.20 

16.00 

7.40 

8.10 

1.70 

2.30 

2IL.. 

5.10 

9.65 

26.20 

6.00 

1.80 

3.50 

5- 

4.10 

19.90 

9.30 

10.20 

1.70 

2.20 

21... 

4.85 

8.10     27.30 

5.80 

1.70 

4.40    ' 

6-. 

4.50 

21.90 

10.40 

9.00 

1.70 

2.10 

22... 

4.70 

8.20  '25.20 

5.60 

1.70 

3.60 

7.. 

7.60 

25.50 

9.40 

8.90 

1.60 

2.00 

23... 

4.60 

8.65     21.10 

5.40 

2.30 

3.30 

8.. 

9.85 

26.50 

7.50 

14.30 

1.60 

2.00 

24... 

4.66 

7.70 

17.00 

6.40 

2.80 

8.10 

9.. 

8.80 

25.50 

6.80 

13.90 

l.(iO 

1.90 

25... 

5.50 

6.90 

11.00 

8.60 

2.30 

8.10 

10.. 

6.20 

22.20 

6.60 

12. 70 

1.60 

2.00 

26... 

5.30 

6.40 

9.00 

8.70 

2.70 

6.00 

11.. 

5.85 

15.80 

6.40 

8.90 

1.60 

2.10 

27... 

4.80 

17.60 

8.60 

7.00 

3.80 

4.30 

12  . 

6.00 

8.20 

6.10 

7.80 

1.70 

5.10 

28... 

4.55 

2(».20 

7.90 

6.30 

3.40 

3.80 

13.. 

5.80 

7.00 

6.00 

7.40 

1.70 

8.a) 

29.   . 

4.40 

11.65 

6.80 

2.80 

3.70 

14.. 

5.90 

6.35 

8.00 

7.00 

1.70 

6.44) 

30... 

4.20 

11.40 

6.50 

2.50 

3.50 

15-. 
16.. 

5.50 
5.15 

6.70 
6.70 

16.00 
22.00 

6.80 
6.50 

1.60 
1.90 

4.00 
3.60 

r 
1 

31... 

6.10 

11.40 

8.00 

a  No  records  from  May  1  to  October  31. 
MEASUREMENTS   OF   LARGE   SPRINGS   IN   NORTHWEST   GEORGIA. 

In  the  basin  of  Saliacoa  Creek,  a  tributary  of  Coosawattee  River, 
and  in  the  adjoining  basin  of  Oothkalooga  Creek,  are  a  number  of 
large  springs  which  were  measured  by  Olin  P.  Hall  in  1899.  On  May 
30  Dooley  Spring,  3  miles  south  of  Fairmount,  Georgia,  gave  a  dis- 
charge of  0.92  second-foot;  Doves  Mill  Spring,  near  Cash,  Georgia, 
16.2  second-feet;  Bakers  Mill  Sparing,  5  miles  south  of  Fairmount, 
Georgia,  3.9  second-feet.  June  24  a  number  of  springs  in  the  basin 
of  Saliacoa  Creek  showed  discharges  as  follows:  Colima  Spring,  near 
Colima,  Greorgia,  0.28  second-foot;  Arnold  Spring,  1  mile  south  of 
Colima,  0.38  second-foot;  J.  R.  Byrd's  spring,  2^  miles  northwest  of 
Fairmount,  Georgia,  0.47  second-foot;  R.  W.  Lander's  spring,  3  miles 
east  of  Pinelog,  Georgia,  4.27  second-feet;  J.  A.  Johnson's  spring,  2^ 
miles  east  of  Pinelog,  Georgia,  0.48  second-foot;  Oakhill  Church 
Spring,  2^  miles  east  of  Pinelog,  Georgia,  1.85  second-feet. 

The  five  following  springs  occur  in  the  basin  of  Oothkalooga  Creek, 
which  enters  Oostanaula  River  1  mile  below  Calhoun.  On  June  26 
their  discharge  was  measured  and  found  to  be  as  follows*  Hayse 
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Spring,  at  Folsom,  Georgia,  0.35  second-foot;  Cedar  Spring,  at  Mos- 
tetters  Mill,  li  miles  west  of  Folsom,  4.46  second-feet;  Trimble  Spring, 
2  miles  north  of  Adairsville,  Georgia,  2.35  second- feet;  Gardners 
Spring,  5  miles  north  of  Adairsville,  0.41  second- foot;  Blackwood 
Spring,  5  miles  southeast  of  Calhoun,  Georgia,  1.00  second-foot. 

COOSA   RIVER  AT  ROME,  OEOROIA. 

Coosa  River  is  formed  ])y  the  junction  of  Etowah  and  Oostananla 
rivers  at  Rome,  Georgia.  The  drainage  area  is  3,720  square  miles. 
Both  of  the  tributary  rivers  rise  in  the  northern  part  of  Greorgia  and 
flow  for  the  most  part  through  a  hilly,  broken  country,  well  wooded, 
about  one-foui-th  of  the  land  being  under  cultivation.  The  Coosa 
River  flows  in  a  southwesterly  direction  into  Alabama  and  joins  the 
Tallapoosa  0  miles  above  Montgomery,  Alabama,  to  form  Alabama 
River.  Measurements  of  flow  are  made  at  Rome  and  at  Riverside, 
120  miles  farther  downstream,  and  will  be  made  in  1900  at  Montgom- 
ery and  Selma.  The  measurements  at  Rome  are  made  on  the  Oosta- 
naula  and  Etowali  just  above  their  junction.  Etowah  River  is  meas- 
ured at  Second  avenue  bridge  and  the  Oostanaula  at  Fifth  avenue 
bridge  in  Rome,  and  the  results  added  to  give  the  flow  of  Coosa  River. 
The  gage  height  is  taken  from  the  United  States  Weather  Bureau  gage 
at  Fifth  avenue  bridge,  on  the  Oostanaula.  There  is  practically  no 
fall  on  Oostanaula  River  from  Fifth  avenue  bridge  to  the  junction, 
hence  the  gage  is  used  as  Coosa  River  gage  and  gives  the  fluctuations 
of  Coosa  River.  This  gage  is  a  4  by  6  inch  timber,  graduated  to  feet 
and  tenths  and  fastened  to  the  downstream  left-hand  corner  of  the 
first  pier  from  the  left  bank.  The  zero  of  gage  is  575.79  feet  above 
sea  level.  The  United  States  Weather  Bureau  has  maintained  the 
station  here  for  many  years.  It  is  now  maintained  only  as  a  half-year 
station,  from  November  1  to  April  30,  inclusive,  but  W.  M.  Towers, 
the  river  observer,  kindly  reads  the  gage  and  furnishes  the  Survey 
with  monthly  reports  of  the  daily  gage  heights  for  the  entire  year 
without  charge.  Mr.  Towers  has  kept  the  records  for  many  years  and 
has  predicted  floods  with  great  precision.  The  channel  of  the  Etowah 
is  straight,  current  swift  and  unobstructed,  but  the  Oostanaula  is 
rather  sluggish  and  somewhat  obstructed  by  piers.  The  banks  are 
high,  but  liable  to  overflow  in  times  of  high  water.  Records  of  meas- 
urements may  be  found  as  follows:  1897,  Nineteenth  Annual  Rejwrt, 
Part  IV,  page  198;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
184.  The  following  measurements  have  been  made  by  Max  Hall  and 
others  during  1899 : 

January  25,  gage  height,  8.80  feet;  discharge,  6,540  seoond-feev. 
Jannary  25;  gage  height,  3.60  feet;  discharge,  5,982  second-feet 
May  19,  gage  height,  2.75  feet:  discharge,  4,894  second-feet. 
June  16,  gage  height,  2.40  feet;  discharge,  8,852  second-feet. 
August  4,  gage  height,  1.45  feet;  discharge,  2,835  second-feet. 
October  1.3,  gage  height,  0.60  foot;  discharge,  1,769  second-feet. 


UUURGIA   ANU    ALABAMA. 


149 


Daily  gage  height,  in  feet ^  of  C<M)isa  River  at  Rome,  Georgia^  for  18U',K 
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1.60 
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.5 

1.5    1 

4 

2. 70 
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3.50 
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2.60 
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2.00 

3.00 

1.40 

1.30 

.30 

.4 

l.l 

6 

2.60 

18.20 

9.00 

8.20 

8.50 

2.00 

1.90 

1.60 

1.30 

.50' 

.1 

1.0 

t 

3.60 

37.80 

8.00 

8.20 

3.70 

2.00 

1.90 

1.60 

1.20 

.70 

.3 

.9    < 

« 

5.90 

24.00 

6.80 

15.00 

8.70 

1.90 

3.00 

1.50 

1.00 

.70 

.3 

.8     , 

9 

5.90 

33.40 

5.70 

18.40 

8.60 

1.80 

2.10 

1.80 

1.00 

.80 

.3 

.8     ' 

10 

4.90 

21.00 

5.40 

11.30 

8.50 

1.80 

1.90 

1.60 

1.00 

.60 

.3 

.8 

11 

4.00 

19.00 

5.20 

9.50 

3.30 

i.ao 

2.50 

1.40 

2.90 

1.00 

i3 

.8 

12 

4.60 

16.50 

4.90 

7.00 

3.10 

2.20 

2.80 

1.40 

2.30 

.90 

.3 

2.8 

13    ... 

4.00 

7.00 

4.50 

6.40 

3.10 

3.80 

2.00 

1.30 

1.60 

.70 

.3 

6.1 

U 

3.80 

5.00 

6.00 

5.90 

3.00 

4.00 

i.eo 

1.10 

1.00 

.70 

.4 

5.0 

15 

3.60 

5.00 

16.60 

6.60 

3.00 

3.50 

1.30 

1.30 

.90 

.60 

.4 

3.2 

1«  .... 

3.60 

5.50 

27.70 

6.40 

2.90 

2.60 

1.80 

1.90 

.80 

.60 

.5 

2.0 

17 

4.00 

8.90 

29.20 

5.20 

2.80 

2.10 

5.20 

1.60 

.60 

.60 

.9 

1.8 

18 

4.20 

9.50 

25.80 

4.80 

2.80 

2.00 

4.20 

1.40 

.60 

.60 

.7 

1.7 

l» 

4.00 

8.50 

24.90 

4.70 

3.80 

3.00 

4.80 

1.10 

.60 

.60 

.5 

1.3 

30 

3.70 

7.70 

26.20 

4.60 

3.80 

2.00 

8.80 

.90 

.70 

.60 

.5 

1.6 

21  .... 

3.30 

6.80 

24.60 

4.30 

3.60 

1.80 

12.80 

.90 

.70 

.70 

.5 

3.0 

22 

8.20 

6.90 

23.00 

4.10 

2.60 

3.20 

7.90 

.80 

.60 

.70 

.4 

2.0 

33 

3.10 

7.30 

23.60 

4.00 

2.40 

1.70 

4.80 

.80 

.60 

.60 

1.0 

1.8 

24 

3.50 

6.60 

21.90 

5.40 

2.60 

1.70 

3.90 

.70 

.50 

.50 

2.1 

7.2 

25 

3.80 

6.80 

18.00 

7.40 

3.50 

1.70 

2.60 

.70 

.50 

.40 

1.5 

7.5 

au 

8.80 

5.50 

10.50 

9.10 

3.40 

1.70 

2.60 

.70 

.50 

.40 

2.5 

6.0 

27 

3.30 

19.10 

7.70 

6.70 

3.20 

2.10 

3.80 

2.60 

.50 

.40 

3.0 

3.5 

28 

3.00 

23.40 

6.80 

5.50 

3.20 

1.90 

3.00 

3.50 

.60 

.40 

2.2 

3.0 

29 

8.00 

8.80 

4.80 

3.00 

1.90 

2.40 

2.50 

.50 

.40 

1.9 

3.0 

80 

2.90 

9.30 

4.20 

3.(X) 

1.80 

1.40 

3.00 

.40 

.50 

1.4 

3.4 

31 

4.40 

10.30 

3.30 

1.20 

2.50 

.80 

1 

2.0 

COOSA  RIVER  AT   RIVERSIDE,  ALABAMA. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  99,  was  established  September  25,  1896,  at  the  bridge  of  the 
Southern  Railway  across  Coosa  River  near  Riverside,  Alabama.  The 
drainage  area  is  6,850  square  miles.  It  is  mapped  on  the  Springville, 
Anniston,  Gadsden,  Fort  Payne,  Rome,  Tallapoosa,  Marietta,  Carters- 
ville,  Suwanee,  EUijay,  Dalton,  Cleveland,  Ringgold,  and  Stevenson 
atlas  sheets.  The  town  of  Riveraide  is  on  the  west  bank  of  the  river, 
and  the  railroad  station  is  1,000  feet  west  of  the  bridge  at  which  the 
measurements  are  made.  The  length  of  the  gage  wire  is  38.35  feet. 
The  first  bench  mark  is  the  top  capstone  on  the  large  circular  center 
pier  of  turn-span,  the  elevation  of  which  is  26.80  feet  above  gage 
datum;  second  bench  mark  is  base  of  rail  near  same  pier,  and  is  32.80 
feet  above  gage  datum.  The  channel  is  straight,  current  swift,  but 
somewhat  obstructed  by  a  ledge  of  rock  under  water  about  300  feet 
above  the  station.  The  observer  is  J.  W.  Foster,  Riverside,  Alabama. 
The  records  of  measurement  may  be  found  as  follows:  1896,  Eight- 
eenth Annual  Report,  Part  IV,  page  101;  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  248;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  187.  The  following  measurements  were  made  by  Max  Hall  and 
others,during  1899: 

April  26,  gage  height,  9.00  feet;  discharge,  29,069  second-feet. 
May  3,  gage  height,  4.05  feet;  discharge,  10,592  second-feet. 
May  20,  gage  height,  2.70  feet:  discharge,  6,276  second-feet. 
Jnne  14,  gage  height,  2.20  feet;  discharge,  5,010  second-feet. 
IRR  36 i 


150 


OPERATIONS    AT    KIVER    STATIONS,  1899. PART    II.  l»o.» 


Aagust  36,  gage  height,  1.42  feet;  discharge,  3,791  second- feet. 
September  23,  gage  height,  1.00  foot;  discharge,  2,457  second-feet. 
November  7,  gage  height,  0.85  foot;  discharge,  2,271  second-feet. 


December  9, 

gage  height,  1.20  feet;  discharge,  2 

.727  second- feet. 

DaUy 

gage 

height^  in  feet,  of  Coosa  River  at  Riverside,  Alabanui 

,  for  1S99. 

Day. 

Jan. 

Fob. 

Mar. 

Apr. 

May. 

June. 

July. 

1 
AuR.    Sept. 

(K-t. 

Nov. 

1 
Dec. 

1 

1 

2.  HO 

5.90 

12.10 

10.30 

5.00 

2.70 

1.70 

3.96      2.30 

0.90 

0.95 

1 
2.6U 

2 

2.75 

6.30 

12.20 

10.20 

4.50 

2.80 

1.70 

3.00 

2.40 

.90 

.06 

2.00 

3 

2.75 

7.50 

12.30 

10.00 

4.20 

2.80 

1.65 

2.30 

2.80 

.90 

.05 

i.eo 

4 

2.80 

7.40 

12.10 

9.80 

8.95 

2.60 

1.60 

2.00 

2.40 

.90 

.95  1 

1.50 

5 

2.80 

9.10 

10. 10 

8.90 

8.80 

2.30 

1.60 

1.90 

2.10 

.90 

.06  1 

1.45 

6 

3.00 

12.10 

9.00 

8.75 

3.75 

2.10 

1.50 

1.75      2.00 

.90 

.96 

1.40    1 

7 

3.50 

14.10 

8.00 

9.00 

3.60 

2.00 

1.45 

1.66      1.85 

.90 

.95  ' 

1.35 

8 

4.30 

14.30 

7.50 

10.00 

4.00 

2.00 

1.40^ 

1.50      1.40 

.90 

.95 

1.30    ' 

9 

4.20 

14.30 

7.25 

12.30 

3.85 

1.95 

1.70 

1.50,    1.30 

.05 

.05 

1.30 

10 

4.40 

14.10 

7.00 

12.00 

3.60 

1.95 

1.60 

1.55  '    1.25 

1.20 

.95 

1.35   1 

11 

5.20 

13.80 

6.15 

11.70 

3.45 

1.95 

1.50 

1.56,    1.25 

1.30 

.95 

1.40   1 

12 

5.90 

13.00 

5.20 

10.00 

3.30 

1.95 

1.50 

1.60  1    2.20 

1.40 

.% 

5.80 

13 

5.60 

12.00 

5.50 

8.90 

3.20 

2.00 

1.40 

1.50  '    2.50 

1.30 

.95 

8.25 

U 

5.00 

10.90 

7.50 

7.90 

3.00 

2.15 

1.40 

1.45  '    2.65 

1.20 

1.00 

8.00 

15 

4.70 

8.70 

8.30 

6.80 

3.00 

2.80 

1.30 

1.50      2.00 

1.20 

1.00  , 

6.00   > 

16 

4.90 

7.90 

16.00 

5.55 

2.95 

3.20 

1.30 

1.50      1.40 

1.20 

1.00  ' 

4.50    , 

17 

5.00 

7.60 

17.40 

5.25 

2.95 

2.95 

1.30 

1.50      1.25 

1.10  ' 

1.00 

3.75    ' 

18 

4.90 

7.80 

17.00 

5.10 

2.80 

2.50 

1.20 

1.56  1    1.20 

1.00 

1.00 

3.60    , 

19 

4.70 

8.10 

16.50 

5.00 

2.80 

2.25 

1.30 

1.50      1.20 

.95 

1.00 

3.40 

20 

4.60 

8.20 

16.30 

4.80 

2.75 

2.00 

1.50 

1.45 

1.10 

.05 

1.00 

3.00   < 

21 

4.20 

8.00 

16.35 

4.60 

2.75 

1.80 

1.50 

1.45      1.00 

.90 

.05 

2  85 

22 

4.00 

7.65 

16.20 

4.30 

2.70 

1.70 

1.90 

1.35  1      .95 

.90 

.05 

2.75    1 

23 

3.90 

8.00 

15.90 

4.75 

2.70 

1.70 

3.20 

1.30 

1.00 

.05 

.95 

3.00    1 

24 

3.90 

8.10 

16.70 

5.65 

2.65 

1.60 

4.70 

1.30 

1.00 

1.20 

.06 

5.40    1 

26 

4.00 

7.30 

15.50 

8.90 

2.60 

1.75 

3.60 

1.80 

1.00 

1.15 

1.00 

6.40    1 

26 

4.25 

7.00 

14.90 

9.00 

2.50 

1.60 

3.20 

1.60 

1.00 

1.00 

2.15 

7.10 

27 

4.15 

8.30 

13.25 

8.90 

2.45 

1.60 

8.00 

1.20 

.95 

1.00 

2.90 

7.00    1 

28 

4.00 

11.00 

11.00 

8.30 

2.35 

1.65 

3.60 

1.10 

.96 

.96 

8.00 

6.60 

29 

8.90 

8.00 

6.90 

2.30 

1.70 

4.20 

1.50 

.90 

.06 

3.00 

6.00 

30 

3.75 

7.90 

5.45 

2.20 

1.66 

5.20 

2.10 

.90 

.90 

2.75 

4.85 

31  .... 

8.70 

8.50 

2.70 

4.75 

2.10! 

1 

.96 

4.00 

COOSA   RIVER   AT   LOCKS   NOS.    4   AND    5,    ALABAMA. 

The  station  at  Lock  No.  4  is  located  3  miles  above  Rivei-side,  Ala- 
bama. Measurements  here  give  the  discharge  past  Riverside  except 
the  small  quantity,  about  1  cubic  foot  per  second,  flowing  into  the 
Coosa  from  Blue  Spring  Branch.  The  measurements  are  made  from 
the  bridge  of  the  Southern  Railway  at  Riverside.  A  record  b^  been 
kept  at  Lock  No.  4  by  the  United  States  Engineer  Corps.  The  first 
section  of  the  vertical  gage  rod  is  fastenec|  to  the  lower  end  of  the 
cofferdam,  500  feet  below  the  dam  on  the  river.  The  second  section 
is  fastened  to  a  sycamore  tree,  150  feet  below  rod.  The  zero  of  rod  is 
477.30  feet  above  the  Mobile  datum.  The  bench  mark  is  a  brass  point 
in  a  stone  post  1,000  feet  up  the  river  from  lower  gage,  and  is  510.55 
feet  above  Mobile  datum. 

The  station  at  Lock  No.  5  is  described  in  the  Eighteenth  Annual 
Report,  Part  IV,  page  101,  and  is  located  one-half  mile  above  the  Bir- 
mingham and  Atlantic  Railroad  crossing  and  about  20  .miles  below 
gaging  station  at  Riverside,  Alabama.  The  gage  is  vertical  in  two 
sections,  fastened  to  the  trees  immediately  above  the  landing  of 
Collins  Ferry.  The  zero  of  the  gage  is  460.37  feet  above  Mobile  datum. 
Bench  mark  No.  1,  which  is  on  the  tree  to  which  one  section  of  the  rod 
is  fastened,  is  471. 80  feet  above  Mobile  datum.     Bench  mark  No.  2  is 
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center  of  iron  plate  at  top  of  cylindrical  pier,  at  right  bank  upstream 
side  of  the  railroiwi  bridge,  and  is  at  an  elevation  of  493.91  feet 
Mobile  datum.  Records  of  river  height  are  kept  by  the  United  States 
Engineer  Corps,  and  are  kindly  furnished  to  the  Survey.  Measure- 
ments of  discharge  are  not  made  at  either  of  these  stations. 


Daily  gage  height,  in  feet ,  of  Coosa  River  y  at  Lock  No,  4,  Alabama,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.0 

7.6 

14.0 

11.6 

5.5 

2.8 

1.9 

•4.5 

2.2 

0.4 

0.5 

2.2 

2 

3.0 

7.7 

14.3 

11.7 

5.2 

2.9 

1.8 

3.3 

2.3 

.4 

.5 

1.9 

8 

8.3 

8.8 

14.2 

11.1 

4.8 

2.9 

1.6 

2.5 

3.2 

.5 

.6 

1.4 

4 

8.5 

8.6 

13.5 

10.6 

4.6 

2.6 

1.5 

2.0 

2.5 

.6 

.6 

1.4 

5 

8.3 

10.7 

11.4 

9.8 

4.3 

2.2 

1.4 

1.8 

1.8 

.5 

.6 

1.4 

6 

3.3 

14.2 

9.6 

8.6 

4.2 

2.2 

1.3 

1.7 

1.4 

.6 

.6 

1.4 

7 

3.9 

16.9 

9.2 

9.8 

.    4.1 

2.7 

1.3 

1.7 

1.3 

.5 

.6 

1.3 

8 

5.U 

16.4 

8.9 

12.8 

4.6 

2.7 

1.3 

1.5 

1.3 

.5 

.5 

1.1 

9 

6.4 

16.4 

8.3 

14.0 

4.4 

2.0 

1.6 

1.4 

1.2 

.8 

.5 

1.0 

10 

60 

16.1 

7.3 

13.0 

4.3 

1.9 

1.8 

1.5 

1.0 

1.1 

.5 

1.0 

11 

6.4 

16.8 

6.6 

13.2 

4.0 

1.9 

1.7 

1.5 

.9 

1.0 

.6 

1.0 

12 

6.6 

L5.5 

6.1 

11.6 

4.0 

1.9 

1.5 

1.6 

1.0 

1.0 

.5 

6.7 

13 

6.0 

14.9 

6.8 

10.0 

8.8 

2.0 

•11 

1.5 

2.5 

1.3 

.5 

9.4 

14 

5.8 

13.9 

8.5 

8.1 

8.8 

2.0 

1.4 

2.8 

.8 

.5 

9.8 

15 

5.5 

10.6 

9.4 

7.1 

8.3 

2.7 

1.3 

1.3 

1.8 

.9 

.5 

7.4 

16 

5.1 

7.5 

19.7 

6.6 

3.3 

3.7 

1.3 

1.4 

1.3 

.2 

.6 

5.8 

17 

5.4 

7,8 

20.2 

6.2 

8.3 

2.7 

1.1 

1.2 

1.0 

.3 

.6 

4.8 

18 

5.8 

8.6 

19.1 

5.9 

8.0 

2.2 

1.1 

1.5 

.9 

.3 

.5 

3.4 

19 

5.7 

9.6 

18.5 

5.7 

8.0 

1.9 

1.1 

1.9 

.8 

«  % 

.4 

2.8 

20 

5.4 

9.6 

18.8 

5.4 

8.0 

2.0 

1.1 

1.7 

.7 

•  iK 

.4 

2.4 

21 

5.0 

9.1 

18.8 

5.2 

8.0 

2.0 

1.5 

1.4 

.7 

■  ^t 

.8 

2.6 

22 

4.6 

8.8 

18.7 

5.1 

2.8 

1.8 

1.6 

1.2 

.6 

•  Y 

.6 

8.0 

23 

4.8 

9.7 

18.4 

5.6 

2.8 

1.7 

2.2 

1.0 

.4 

•  » 

.7 

3.0 

24 

4.8 

9.3 

18.0 

6.8 

2.7 

1.7 

5.6 

.9 

.8 

•    K 

.8 

5.9 

25 

4.8 

8.6 

17.5 

10.6 

2.9 

1.7 

5.5 

1.0 

.3 

.2 

.8 

7.6 

26 

4.9 

7.7 

17.0 

10.5 

3.0 

1.6 

3.8 

1.4 

.4 

.6 

2.2 

8.8 

27 

.     4.9 

11.2 

16.7 

10.5 

2.7 

1.6 

3.4 

1.0 

.4 

.6 

8.1 

7.8 

2B 

4.6 

12.9 

15.2 

9.8 

2.7 

1.5 

3.4 

1.0 

.4 

.5 

3.4 

6.3 

29 

4.8 

12.7 

8.0 

2.7 

1.8 

4.1 

1.5 

.5 

.6 

8.1 

•5.4 

30 

4.0 

9.5 

6.0 

2.4 

1.8 

6.3 

2.1 

.4 

.5 

2.8 

4.4 

31 

. 

9.5 

3.0 

5.3 

2.3 

.5 

3.8 

Daily  gage  Jieight,  in  feet,  of  Coosa  River  at  Lock  No.  5,  Alabama,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 
1.0 

Oct. 

Nov. 

A.rOC* 

1 

A*  f 

3.9 

10.5 

8.6 

3.8 

1.3 

0.8 

.    2.6 

0.1 

0.1 

1.0 

2 

A*  i 

4.7 

10.4 

8.8 

2.9 

1.4 

.7 

1.7 

1.1 

.8 

8 

A*  ■ 

5.7 

10.4 

8.1 

2.7 

1.6 

.6 

1.2 

1.1 

.6 

4 

A«  9 

5.6 

10.0 

7.6 

2.5 

1.4 

.6 

.9 

1.0 

.5 

6 

L*  1 

7.1 

8.9 

7.4 

2.3 

1.2 

.6 

.7 

.8 

.5 

6 

1.6 

10.1 

6.7 

6.7 

2.2 

1.0 

.5 

.7 

.6 

.5 

7.  ... 

1.9 

12.1 

6.4 

7.6 

2.1 

.9 

.4 

.7 

.5 

.4 

8 

2.8 

12.5 

6.0 

10.0 

2.0 

.9 

.5 

.6 

.5 

.4 

9 

3.0 

12.4 

5.4 

11.0 

2.3 

.9 

.5 

.6 

.4 

.4 

10 

3.3 

12.0 

4.7 

10.5 

2.2 

.8 

.7 

.6 

.4 

.2 

.4 

11 

4.1 

11.6 

4.0 

9.7 

2.0 

.8 

.7 

.6 

.3 

.3 

.4 

12 

4.1 

11.4 

3.7 

8.5 

2.0 

.9 

.6 

.5 

.3 

.3 

4.0 

18 

3.7 

10.9 

4.3 

7.0 

1.8 

.9 

.6 

.6 

.3 

.4 

5.6 

14 

8.4 

10.0 

6.0 

5.4 

1.8 

1.0 

.5 

.6 

1.8 

.4 

6.2 

16 

3.2 

7.8 

6.7 

4.6 

1.7 

1.3 

.6 

.5 

.8 

.3 

5.4 

16 

3.0 

4.8 

14.8 

4.0 

1.7 

1.8 

.4 

.8 

.5 

.2 

4.6 

17 

8.0 

5.0 

15.4 

3.9 

1.6 

1.6 

.4 

.5 

.3 

.2 

2.4 

18 

3.3 

5.6 

14.5 

3.6 

1.6 

1.3 

.4 

.5 

.3 

1.6 

19 

3.2 

1      6.2 

14.0 

3.4 

1.5 

1.0 

.4 

.8 

.2 

1.3 

20 

3.0 

6.4 

14.1 

3.2 

1.5 

.9 

.8 

.6 

.2 

1.2 

21 

2.8 

6.0 

14.0 

3.1 

1.5 

.8 

.5 

.6 

•  A 

1.2 

22 

2.6 

5.8 

14.0 

3.0 

1.4 

.8 

•     .8 

■  T 

•  A 

1.3 

28 

2.3 

6.4 

14.0 

3.0 

1.3 

.7 

1.4 

■  % 

■  X 

1.4 

24 

2.3 

6.1 

13.5 

4.0 

1.3 

.7 

2.9 

•  ^t 

*  J. 

2.4 

25 

2.6 

5.6 

13.0 

7.1 

1.3 

.7 

3.0 

•  % 

«  A 

4.6 

28 

2.7 

5.0 

12.7 

7.2 

,      1.3 

.6 

2.1 

•  % 

•  A 

5.3 

27 

2.7 

9.6 

12.4 

7.2 

1.3 

.6 

1.7 

•  % 

«  A 

1.5 

4.9 

28 

2.5 

9.6 

11.0 

6.6 

1.1 

.6 

1.9 

.8 

•  X 

1.7 

8.8 

2B 

2.3 

9.5 

5.3 

1.1 

.7 

2.6 

.5 

•  X 

1.4 

2.8 

30 

2.1 

7.1 

4.0 

1.0 

.9 

3.8 

1.0 

•  X 

1.3 

2.3 

31 

2.2 



6.9 

1.3 

3.1 

1.0 

1.9 
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C3008A  BIVER  AT  WBTUMPKA,   ALABAMA. 

This  station  is  located  at  gage  No.  1,  3  miles  above  Wetumpka,  Ala- 
bama, and  was  established  November  5,  1889,  by  the  United  Static 
Engineer  Corps,  who  have  maintained  daily  gage  readings  since  that 
date  until  December  31,  1898,  when  the  station  was  abandoned.  T\w 
gage  heights  here  are  afTeoted  by  backwater  from  Tallapoosa  River  at 
high  stages  of  the  latter  stream,  so  that  the  record  does  not  show  the 
true  flow  of  Coosa  River.  Discharge  measurements  can  not  be  made 
at  the  Wetumpka  bridge,  as  it  is  located  directly  over  a  shoal. 
Discharge  measurements  will  be  made  next  year  at  Mont<gomery,  10 
miles  below  Wetumpka,  but  below  the  mouth  of  Tallapoosa  River, 
and  at  Selma,  45  miles  below  Montgomery,  at  both  of  which  points 
Weather  Bureau  stations  are  maintained. 

TALLAPOOSA  RIVER  AT  MILSTEAD,   ALABAMA. 

Tallapoosa  River  rises  in  the  west-central  part  of  Georgia  and  flows 
in  a  southwesterly  direction  into  Alabama,  where  it  joins  the  Coosa, 
to  form  Alabama  River,  6  miles  above  Montgomery,  Alabama.  It.s 
upper  tributaries  drain  an  area  between  the  Chattahoochee  and  Coosa 
basins.  At  Tallassee,  Alabama,  it  crosses  the  southern  fall  line.  The 
shoals  at  this  place  have  a  fall  of  60  feet,  forming  an  obstruction  to 
navigation.  The  drainage  area  is  largely  wooded,  with  cultivated 
fields  at  short  intervals.  A  gaging  station  was  established  at  Milst«ad 
on  August  7,  1897,  at  the  bridge  of  the  Tallassee  and  Montgomery 
Railway,  about  one-fourth  of  a  mile  from  Milstead,  Alabama.  The 
bridge  is  of  iron,  two  spans  of  about  155  feet  each,  with  short  wooden 
trestles  at  each  end.  The  initial  point  of  measurement  is  the  end  of 
iron  bridge,  left  bank,  downstream  side.  The  rod  of  wire  ga^  is 
fastened  to  outside  of  guard  rail  on  downstream  side  of  bridge.  The 
gage  was  last  verified  April  18, 1899.  The  bench  mark  is  top  of  second 
cross  beam  from  left-bank  pier,  downstream  end,  and  is  60.00  feet 
above  datum.  The  channel  is  straight  at  the  bridge,  and  bends  above 
and  below.  The  current  is  sluggish  at  low  water  and  obstructed  by 
center  pier  of  bridge.  The  banks  are  high,  but  overflow  at  extreme 
high  water  for  several  hundred  feet  on  each  side.  The  bed  is  fairly 
constant,  and  all  water  is  confined  to  the  main  channel  by  railroad 
embankments.  The  observer  is  Seth  Johnson,  a  farmer  and  fruit 
grower,  Milstead,  Alabama.  Records  of  discharge  measurements  may 
be  found  as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
250;  1898,  Twentieth  Annual  Report,  Part  IV,  page  193. 
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The  following  measurements  were  made  by  Max  Hall  during  1899: 

April  17,  gage  height,  6.84  feet;  discharge,  7,444  second-feet. 
April  18,  gage  height,  5.63  feet;  discharge,  6,853  second- feet. 
May  17,  gage  height,  2.80  feet;  discharge,  3,000  second-feet. 
June  26,  gage  height,  2.05  feet;  discharge,  1,847  second-feet. 
September  9,  gage  height,  1.36  feet;  discharge,  1,016  second-feet. 
November  8,  gage  height,  1.25  feet:  discharge,  972  second-feet 
December  18,  gage  height,  2.66  feet;  discharge,  2,844  second-feet. 

Two  measurements  of  Big  Sandy  Creek,  a  tributary  of  Tallapoosa 
River,  were  made  September  11.  The  first,  near  the  bridge  4  miles 
from  Dadeville,  Alabama,  showed  a  discharge  of  79  secdnd-feet  and 
the  second,  at  a  point  a  short  distance  above  the  bridge,  showed  a  dis- 
charge of  74  second-feet. 

Daily  gage  height,  in  feet y  of  Tallapoosa  River  at  Milstead,  Alabama,  for  ISUii, 


Jan. 

Feb 
17  00 

Mar. 

500 

27  00 

4.60 

11.60 

19.00 

3.90 

24.50 

13.50 

3.90 

20.00 

9.60 

3.90 

12.90 

14.20 

3.80 

11.90 

13.20 

7.40 

17.50 

10.10 

8.00 

27.00 

8.60 

7.10 

19.00 

7.70^ 

6.40 

13.80 

7.20 

18.60 

10.(10 

6.80 

16.80 

8.30 

6.60 

13.00 

7.40 

6.50 

11.60 

7.00 

6.40 

9.40 

6.10 

7.20 

7.80 

10.40 

12.20 

12.70 

11.60 

11.00 

10.00 

10.60 

10.20 

8.00 

9.30 

14.80 

6.b0 

8.30 

13.90 

5.70 

8.30 

10.40 

5.30 

8.40 

8.30 

5. 10 

7.60 

8.10 

5.20 

6.90 

12.70 

5.20 

6.40 

8.70 

5.10 

6.30 

7.30 

4.80 

25.00 

6.90 

4.70 

37.00 

6.80 

.5.10 

9.00 

.5.20 

8  90 

6.50 

13.85 

Apr.     May. 


18.00 

12.20 

6.50 

6.40 

8.50 

9.70 

10.30 

13.00 

13.00 

11.20 

8.40 

7.00 

6.50 

6.20 

6.00 

7.10 

6.60 

5.60 

5.50 

5.40 

5.20 

5.00 

4.90 

6.00 

10.00 

7.50 

6.60 

5.80 

4.90 

4.60 


4.30 
4.00 
3.90 
8.80 
3.70 
3.60 
8.50. 
3.60 
3.50 
3.40 
3.30 
3.20 
3.10 
3.10 
3.00 
2.90 
2.80 
2.70 
2.60 
50 
60 
70 
2.60 
3.30 
4.60 
3.30 
2.80 
2.60 
2.50 
2.60 
2.50 


2. 

2. 
2. 


June. 


2.40 
2.«) 
2.40 
2.40 
2.30 
2.20 
2.10 
2.00 
1.90 
1.70 
1.90 
2.00 
2.00 
2.70 
2.70 
2.60 
2.10 
1.90 
1.80 
1.80 
1.70 
1.50 
1.50 
1.50 
1.50 
2.00 
2.50 
2.50 
2.20 
2.70 


July.  ,  Aug.  i  Sept. 


2.80 

2.:w 

1.90 
1.80 
1.60 
1.50 
1.50 
2.00 
2.20 
2.00 
1.80 
1.70 
1.50 
1.40 
1.30 
1.30 
1.20 
1.10 
1.60 
1.40 
8.40 
16.76 
14.00 
16.95 
7.90 
6.70 
6.80 
8.40 
10.10 
5.40 
4.40 


3.00 
2.70 
3.10 
3.10 
2.50 
2.30 
2.20 
2.00 
1.80 
1.60 
1.50 
1.70 
1.60 
1.60 


1. 
4. 
3. 
2. 

1. 


,50 
,(X) 
90 
20 
90 
1.70 
1.50 
1.60 
2.00 
2.60 
1.90 
1.80 
3.70 
2.80 
2.10 
1.90 
2.30 


2.40 
2.30 
2.10 


00 
80 
60 
60 
1.40 
1.40 
1.30 
1.20 
1.20 
1.20 
1.10 
1.00 
1.00 
1.00 
l.dO 


1.10 

1.00 

.90 

1.00 

1.00 

.90 

.90 

.90 

.90 

.80 

.80 

.80 


Oct. 

Nov. 

Dec. 

2.40 

0.70 

1.50 

.70 

1.40 

2.50 

.80 

\.m 

2.60 

.90 

1.30 

2.60 

1.00 

1.30 

2.90 

1.40 

1.20 

2.20 

1.40 

1.20 

2.00 

1.30 

1.20 

1.90 

1.30 

1.20 

1.80 

1.30 

1.20 

1.90 

1.40 

1.30 

2.00 

1.40 

1.30 

16.20 

1.30 

1.30 

13.20 

1.30 

1.30 

8.20 

1.20 

1.30 

5.00 

1.10 

1.30 

8.70 

1.20 

1.60 

8.00 

1.10 

1.50 

2.60 

1.20 

l.r,o 

2.60 

1.30 

\.m 

2.70 

1.40 

1.40 

2.70 

1.50 

1.40 

2.70 

1.60 

1.60 

2.60 

1.80 

a.  80 

9.30 

1.50 

2.20 

9.40 

1.40 

4.60 

7.20 

1.30 

6.20 

5.00 

1.20 

4.80 

4.00 

1.50 

3.60 

3.50 

1.50 

2.80 

3.10 

1.60 

2.W>    , 

ALABAMA  RIVER  AT   MONTGOMERY,  ALABAMA. 

This  river  is  formed  by  the  junction  of  Coosa  and  Tallapoosa  rivers 
6  miles  above  Montgomery.  The  basin  is  described  at  length  under 
the  descriptions  of  its  two  tributaries.  A  gage  rod  was  established 
by  the  Unit;ed  States  Engineer  Corps  a  number  of  years  ago  at  the 
Montgomery  wharf,  near  the  Union  Passenger  Station,  at  foot  of  Com- 
merce street.  The  readings  are  now  taken  by  the  Weather  Bureau 
and  are  furnished  to  our  Surve3\  The  gage  rod  is  in  six  sections, 
as  follows:   Section  1,  from  2  to  10  feet  on  fender  pile  at  face  of 
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whtirf,  lOS  f(«'t  froui  lower  eod;  sectiou  '2,  from  10  to  15  feet  at  upper 
end  of  pile  protection  to  Louisville  and  Nanbville  Railroad  bant 
in  uorner  pilo,  and  tho  15-foot  mark  is  1.1  feot  above  the  top  of  pile; 
(tection  -t,  lo  to  27  feet  on  bent  in  center  of  drain,  on  the  lower  siJt- 
of  Conimerce-Htrei't  sewer;  section  4,  27  to  30  feet,  on  upper  side  of 
sewer,  third  bent;  section  5,  36  to  4(J  feet,  sauie  side  of  sewer,  sistti 
bent;  sei'tion  0,  Hi  to  50  feet,  same  side  of  sewer,  seventh  bent.  Tlif 
ro<l8  are  of  pino  timber,  juiinted  and  graduatetl  to  feet  and  tenths. 
Tliore  are  also  two  new  sections,  15  to  25  feet  and  25  to  37  feel,  oti 
trees  about  50  yards  south  of  the  old  gage.  The  bench  mark  is  norl  li- 
east  comer  (»f  stone  doorsill,  north  door  of  Windsor  Hotel,  on  Com- 
mence street,  and  is  57,«8  feet  above  zero  of  gage.  This  latter  datum 
is  10;t.7f«!tabove  sea  level.  The  high-watJT  mark  for  Montgomerj- is 
59.7  feet,  and  was  reached  in  April,  ISSti.  The  danger  line  is  placed 
at  35  feet.  The  width  of  the  river  at  low  water  is  tlSO  feet.  No  dLi- 
ohargo  ineiisiiroiHeiit«  at  this  station  were  made  during  1899,  but  will 
probably  be  made  in  the  coming  year,  and  in  that  case  the  measure 
ments  will  be  mmle  at  the  iron  bridge  of  the  Louisville  and  Nashville 
Railroad,  about  3  miles  alM>ve  Montgomery.  This  bridge  is  60.6  feet 
above  low  water,  with  three  spans  over  the  river,  the  center  one  being 
a  draw  or  turn  span. 

Daily  gage  lieight,  in  ffrt,  of  Alabattia  River  at  Montgomery.  Alabamn,  for  1S99. 


Day, 

Jan. 

FbU 

Uar. 

^ 

'"'-  I   '^   1 

nn 

ni> 

■B1 

AN 

?a 

4  1      31  '     All      Wl  '      3.3    1 

tV" 

Xt.ll 

m.« 

0.T 

a'.z 

l!7 

Ifl  1 

S! 

H 

■i     [I 

Hou. 

.0 

IB.  3 

a.0 

B.2 

■  » 

-» 

6.5    , 

e.6 

"■' 

«.a 

I6.B 

S..|      ,.. 

4.B  1      i.t  1      0.B  1      0.S 

o.a 

(L7    . 
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ALABAMA  RIVER  AT   8ELMA,    ALABAMA. 

This  station  is  located  45  miles  by  railroad  below  Montgomery,  and 
was  originally  established  by  the  United  States  Engineer  Corps.  Read- 
ings are  now  taken  by  the  Weather  Bureau.  The  gage  rod  is  a  pine 
plank  painted  whit<e  with  black  marks,  and  is  in  two  sections.  Sec- 
tion 1,  3  feet  to  23  feet,  is  fastened  to  the  pile  on  the  lower  side  of  the 
cofferdam  on  the  draw  pier.  Section  2,  23  feet  to  48  feet,  is  spiked  to 
the  bridge.  The  bench  mark  is  an  iron  bolt  driven  in  the  face  of  a 
rock  bluff,  182.3  feet  from  center  of  north  face  of  pier  and  above  the 
bridge,  and  is  26.05  feet  above  zero  of  the  gage.  The  high-water 
mark  is  57  feet,  and  was  reached  April  8,  188G.  The  danger  line  is 
placed  at  35  feet.  .  The  rod  is  attached  to  the  iron  highway  bridge, 
the  floor  of  which  is  about  00  feet  above  low  water.  There  is  a  turn- 
span  at  one  end.  The  section  is  good  for  measurement's,  with  a  width 
of  about  300  feet  at  low  water.  No  measurements  of  discharge  were 
made  here  during  1899. 

Daily  gage  height,  in  feet,  of  Alabama  River  at  Selma,  Alabama,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

AuR. 
11.1 

Sept. 

Oct 

Nov. 

Dec. 

1 

6.2 

10.8 

35.8 

23.8 

13.0 

4.5 

2.5 

3.7 

-1.2 

-0.2 

4.8 

2 

6.2 

17.0 

36.8 

24.3 

11.5 

4.0 

2.5 

9.9 

4.3 

-1.3 

-  .8 

3.7 

3 

6.5 

20.2 

38.8 

24.9 

9.0 

4.0 

2.6 

9.0 

4.6 

-1.3 

-  .5 

3.0 

4 

6.2 

24.0 

37.7 

24.1 

9.8 

4.0 

2.6 

6.7 

4.8 

-1.3 

-  .6 

3.0 

5 

6.2 

26.8 

35.3 

22.3 

8.5 

3.8 

2.1 

6.5 

4.4 

-1.1 

-  .7 

2.8 

6 

6.8 

27.2 

32.6 

20.9 

8.1 

3.9 

1.6 

5.8 

4.4 

-1.0 

-  .7 

2.8 

7 

6.6 

27.2 

30.5 

20.0 

7.5 

3.8 

1.6 

5.3 

4.1 

-1.6 

-  .8 

1.7 

8 

8.8 

29.8 

27.5 

19.8 

7.4 

3.7 

1.6 

4.7 

8.9 

—  .5 

-  .8 

1.7 

9 

9.7 

32.2 

23.4 

23  3 

7.3 

3.3 

1.4 

4.5 

3.6 

-  .4 

-  .8 

1.3 

10 

11.6 

33.9 

19.7 

25.6 

7.3 

3.1 

1.3 

3.7 

.6 

-  .4 

-  .9 

1.3 

11 

13.9 

34.4 

16.9 

26.9 

7.5 

2.8 

1.3 

3.5 

.4 

-  .6 

-  .9 

1.4 

12 

14.8 

33.9 

15.0 

26.6 

7.2 

2.3 

1.2 

3.0 

.3 

-  .0 

1.0 

4.0 

13 

21.2 

32.0 

13.9 

25.1 

6.8 

2.6 

1.5 

2.9 

.3 

-  .6 

-1.1 

10.4 

U 

21.9 

30.0 

16.2 

22.6 

6.5 

2.4 

1.2 

2.7 

.2 

-1.2 

16.6 

15 

19.8 

28.0 

16.8 

19.5 

6.3 

2.4 

1.1 

2.6 

.2 

-  .2 

1.2 

17.8 

16 

18.0 

26.5 

19.4 

16.3 

6  2 

2.3 

1.0 

2.6 

.1 

-  .2 

-  1.3 

16.3 

17 

17.5 

26.8 

21.4 

14.0 

6.1 

2.8 

1.0 

2.6 

.6 

.3 

-1.3 

13.4 

18 

17.2 

24.0 

27.7 

13.0 

5.6 

3.4 

.7 

86 

1.3 

-  .5 

-1.3 

9.9 

19 

17.0 

32.3 

31.6 

12.0 

5.4 

3.9 

.6 

4.1 

1.0 

-  .7 

-1.2 

8.4 

20 

15.8 

19.9 

33.5 

11.2 

5.0 

3.9 

.6 

4.3 

.9 

-  .6 

-1.0 

3.8 

21 

14.2 

19.9 

34.7 

10.5 

4.8 

3.1 

1.0 

3.6 

.6 

-    7 

-1.0 

3.8 

22 

12.6 

19.5 

34.8 

10.4 

4.5 

2.8 

1.6 

8.5 

-  .6 

-  .8 

-  .6 

3.4 

23 

10.2 

18.8 

34.2 

10.2 

4.4 

1.6 

5.5 

3.4 

-  .7 

-  .2 

-    6 

3.4 

24 

10.3 

17.8 

33.4 

10.1 

4.8 

1.4 

10.7 

3.1 

—  .8 

.0 

-  .3 

3  8 

26 

9.4 

17.3 

31.1 

12.4 

5.0 

1.4 

14.8 

3.6 

-1.0 

.0 

.1 

7.6 

26 

9.0 

16.4 

ifi.6 

13. 5 

6.0 

1.6 

17.0 

4.2 

-1.0 

-  .5 

.2 

12.2 

27 

8.9 

20.3 

31.8 

16.3 

6.1 

1.7 

17.0 

3.9 

-1.0 

-  .5 

.9 

13.5 

28 

8.6 

31.2 

30.5 

17.9 

5.2 

2.0 

14.9 

3.6 

-1.0 

-  .6 

3.2 

13.7 

20 

8.6 

29.3 

17.7 

4.5 

2.2 

13.1 

4.3 

-1.1 

—  .6 

4.6 

12.3 

3(J 

9.0 

27.8 

16.1 

4.3 

2.4 

12.8 

4.6 

-1.1 

-  .6 

4.8 

11.4 

31 

Mean. 

9.6 

26.3 

4.2 

11.9 

3.8 

-  .4 

8.3 

11.6 

24.6 

28.3 

18.4 

6.7 

2.9 

4.8 

4.5 

1.2 

—  .6 

7.1 

CATAWBA   RIVER  NEAR  BIRMINGHAM,    ALABAMA. 

A  measurement  of  this  river,  a  tributary  of  Alabama  River,  was 
made  by  Mr.  S.  Hill  Lea,  civil  engineer,  in  June,  1897,  at  a  point  7 
miles  northeast  of  Birmingham,  Alabama.  The  stage  of  the  river 
was  considered  to  be  that  of  average  low  water.  The  mean  velocity 
of  the  current  was  found  to  be  2.56  feet  per  second,  and  the  discharge 
817  second-feet. 
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BLACK    WARRIOR  RIVER  AT  TUSCALOOSA,    ALABAMA. 

The  Black  Warrior  River  rises  in  the  south-central  part  of  Ala- 
bama and  flows  in  a  southwesterly  direction  into  the  Tonibigbee, 
on  the  southern  boundary  of  Greene  Count3\  Tombigbee  River 
flows  southward  from  the  junction  until  it  reaches  Alabama  River, 
with  which  it  unites  to  form  Mobile  River.  The  drainage  area  i.s 
for  the  most  part  flat,  open  country,  much  of  it  being  under  culti- 
vation. Above  Tuscaloosa  it  is  largely  in  a  Carboniferous  formation, 
containing  pervious  strata,  porous  shales,  and  limestone  caves,  through 
which  considerable  water  is  probably  lost.  A  continuous  record  of 
gage  height  at  Tuscaloosa  since  1889  has  been  kept  by  the  United 
States  Engineer  Corps.  During  1895  and  1896  a  number  of  discharge 
measurements  were  also  made,  from  which  a  rating  table  was 
obtained,  and  since  that  time  measurements  of  flow  have  been  made 
regularly  by  the  United  State  Geological  Survey,  and  computations 
made  of  the  discharge.  This  station  is  described  in  the  Eighteenth 
Annual  Report,  Part  IV,  page  103,  and  is  located  about  three-fourths 
of  a  mile  from  the  business  center  of  Tuscaloosa,  Alabama.  It  is 
reached  by  passing  down  Bridge  street  to  the  river,  thence  down  the 
east  bank  1,800  feet  to  the  gage,  which  consists  of  an  inclined  timber 
2  by  6  inches,  supported  on  posts  and  graduated  by  means  of  notches 
placed  1  foot  apart  vertically.  There  are  two  bench  marks,  one  on  a 
willow  tree,  10  feet  west  of  gage,  and  97.84  feet  above  Mobile  datum: 
the  other  on  a  small  hackberry,  30  feet  south  of  the  upper  end  of 
the  gage,  and  139.36  feet  above  Mobile  datum.  The  zero  of  gage 
is  87.30  feet  above  same  datum.  The  discharge  measurements  are 
made  from  the  highway  bridge  above  the  gage.  The  channel  is 
straight  and  unobstructed'.  The  current  is  sluggish  at  time  of  low 
wati^r;  the  banks  high  and  rocky  and  not  subject  to  overflow.  The 
observer  is  R.  C.  McCalla,  jr..  United  States  assistant  engineer. 
Records  of  measurement  may  be  found  as  follows:  From  1889  to 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  108;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  251;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  194.  The  following  measurements  were  made  by  B.  M. 
Hall  and  Prof.  George  S.  Wilkins,  of  the  University  of  Alabama,  in 
1890: 

Measurements  of  Black  Warrior  River  at  JkLScaloosaj  Alabama, 


Date. 


1899. 

February  21 
February  21 
February  24 
February  88 

March  1 

March  2 


Gage 
heiirnt. 


Feet 
19.36 
19.25 
22.85 
89.47 
35.50 
30.35 


Discharge. 


Date. 


Sec.  feet. 
12,S55 
12,640 
16,216 
48,010 
24.988 
18,U52  ! 


1899. 

March  4 

March  14.... 

March  14 

March  17.... 

March  18 

March  28 


Gage 

height. 



Discharge. 

f\iet. 

Sec.  feet 

23.70 

12,609 

81.18 

36.66S) 

34.37 

40.831 

^68.80 

119,538 

66.40 

86.410 

40.80 

28.911 

ALABAMA   AND   PENNSYLVANIA. 
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Daily  gage  height^  in  feet  ^  of  Black  Warrior  River  at  Tuscaloosa,  Alabama,  for  1899, 


Day. 

Jan. 

Feb. 
26.10 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
-1.08 

Dec. 

1 

4.40 

37.70 

30.80 

7.90 

2.00 

0.10 

6.50 

1.20 

-1.50 

4.83 

2  .... 

4.60 

29.60 

32.00 

29.20 

7.00 

1.50 

.80 

4.90 

.70 

-1.61 

-1.02 

3.50 

3 

4.60 

27.00 

27.70 

24.80 

6.80 

1.20 

.30 

3.40 

.62 

-1.80 

-1.08 

2.n 

4 

4.70 

29.00 

24.10 

22.00 

».80 

1.00 

-.70 

2.70 

.23 

-1.79 

—  .  99 

2.03 

6 

4.70 

45.60 

21.00 

23.20 

5.30 

1.00 

-.10 

2.00 

-  .02 

-1.51 

-1.00 

1.50 

6 

11.20 

60.60 

20.80 

22.60 

4.80 

.90 

-.30 

1.90 

-  .17 

-1.48 

-1.02 

1.22 

7 

42.50 

51.40 

19.50 

23.30 

4.40 

1.00 

-.20 

1.80 

-  .38 

-1.46 

-1.08 

.98 

8.  ... 

49.30 

51.70 

16.90 

33.90 

4.40 

.80 

-.80 

1.30 

-  .40 

-1.34 

-1.04 

.88 

9 

46.60 

48.60 

14.40 

34.00 

7.60 

.40 

-.40 

1.20 

-  .46 

-1.30 

-1.08 

.58 

10 

40.40 

43.10 

12.90 

30.80 

6.50 

.40 

-.40 

1.10 

-  .68 

-  .96 

-1.01 

.60 

11 

35.70 

37.80 

11.90 

27.00 

6.10 

.50 

-.40 

2.00 

-  .73 

-  .78 

-1.01 

2.20 

12 

31  90 

32.80 

11.30 

23.60 

4.30 

.60 

-.30 

1.70 

-  .79 

-  .72 

-  .98 

23.50 

13 

28.00 

28.80 

10.00 

20.10 

4.20 

.60 

-.60 

1.30 

-  .71 

-  .70 

-  .96 

39.53 

14 

25  00 

25.70 

28.80 

17.20 

4.30 

.50 

-.60 

.00 

-  .73 

-  .88 

-  .98 

35.71 

16 

22  20 

2^.90 

44.50 

14.90 

4.70 

.50 

-.70 

.60 

-  .78 

-  .94 

-  .99 

26.50 

16 

20.00 

21.60 

69.30 

18.00 

4.30 

.70 

-.70 

.40 

-  .83 

-1.08 

-1.00 

20.63 

17 

19.60 

19.90 

60.30 

u.eo 

3.70 

.60 

-.70 

.30 

-  .86 

-1.07 

-  .97 

15.21 

18 

20.10 

20.10 

57.70 

10.60 

8.80 

.40 

-.70 

.30 

-  .88 

-1. 12 

-  .97 

10.88 

19 

18  60 

20.80 

62.40 

9.80 

2.80 

.80 

—.70 

.60 

-  .90 

-1.16 

-  .95 

8.02 

20 

16  10 

20.60 

49.30 

9.60 

2.70 

.20 

—.70 

.60 

-  .92 

-1.12 

-  .95 

8.09 

21 

14.00 

19.60 

46.80 

9.50 

3.70 

.10 

—.60 

.70 

-  .94 

-1.10 

-  .92 

9.63 

22 

12.20 

18.50 

41.60 

8.70 

3.80 

.40 

.50 

1.50 

-  .99 

-  .84 

-  .89 

10.80 

23 

11.00 

22.70 

38.80 

8.00 

8.30 

-.10 

.20 

2.60 

-1.03 

-  .73 

-  .33 

10.63 

24 

11.00 

23.10 

33.00 

11.30 

3.10 

-.10 

+.60 

2.50 

-1.06 

-  .71 

+  .17 

22.01 

25 

20.30 

20.90 

29.50 

13.60 

2.70 

-.60 

4.90 

2.60 

-1.04 

-  .88 

>     .88 

29.04 

26 

29.30 

18.50 

26.50 

13.20 

2.30 

+  .20 

7.60 

2.30 

-1.06 

-  .94 

2.60 

25.91 

27 

26.20 

23.50 

24.20 

12.60 

2.00 

.20 

7.40 

2.10 

-1.04 

-1.02 

4.50 

20.98 

28 

22  50 

30.00 

22.30 

11.40 

1.75 

.20 

7.90 

1.90 

-1.18 

-  .60 

10.48 

17.00 

29 

18.60 

21.10 

10.00 

1.50 

.20 

9.60 

1.60 

-1.28 

-  .ra 

9.49 

15.80 

30 

15.70 

19.30 

8.90 

1.60 

.10 

9.30 

1.50 

-1.38 

-  .96 

6.67 

14.62 

31 

14.80 

18.10 

....... 

2.50 

« 

8. 50 

1.10 

.-••••• 

-1.08 



12.51 

1 

The  United  States  Weather  Bureau  has  maintained  gage  readings 
at  Demopolis,  Alabama,  on  Tombigbee  River,  at  the  mouth  of  the 
Black  Warrior  River.  The  distance  to  Mobile  is  185  miles.  The  gage 
rod  is  on  the  steamboat  landing,  ^d  is  225  feet  in  length.  From  the 
bottom  of  the  rod  to  the  top  of  the  bluff  the  gage  is  constructed  of 
2  by  12  inch  pine  boards  set  edgewise  in  a  trench  cut  in  the  bank  and 
securely  fastened,  the  upper  edge  faced  with  three-eighths  by  2  inch 
iron  graduated  to  feet  and  tenths.  At  the  top  of  the  bluff  to  a  point 
6  feet  above  highest  water  the  gage  is  marked  by  rows  of  copper 
tAcks  on  a  6  by  8  inch  post  set  firmly  in  the  ground.  The  bench  mark 
i.s  the  top  of  water  table  on  the  north  side  of  the  city  jail  at  the  west- 
ern end,  and  is  68.40  feet  above  zero  of  gage  and  13.71  feet  below  top 
of  track  of  Southern  Railway  at  the  freight  depot.  The  highest 
water  was  66  feet,  on  April  18,  1874;  the  lowest,  3.9  feet,  on  October 
26  to  30,  1875.     The  danger  line  is  at  35  feet. 

ALLEGHENY   RIVER. 

Allegheny  River,  which  with  the  Monongahela  forms  the  Ohio  at 
Pittsburg,  rises  in  northern  Pennsylvania,  flows  northerly  into  the 
State  of  New  York,  then  again  turning  southerly  flows  through  west- 
em  Pennsylvania.  The  headwaters  have  an  elevation  of  about  2,250 
feet  and  adjoin  those  of  Genesee  River  on  the  north  and  of  the 
Susquehanna  on  the  east.  The  total  length  from  the  source  to  the 
mouth  at  Pittsburg  is  about  300  miles,  47  miles  of  which  are  in  New 
York  State.     The  catchment  basin  on  the  upper  waters  attains  the 
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height  of  from  2,(>00  to  2,800  foet  above  sea  level.  The  principal  facts 
concerning  this  river  have  been  given  in  a  report  by  Mr.  Greorge  M. 
Lehman,  assistant  engineer,  contained  in  House  Document  No.  72, 
Fifty-fifth  Congress,  third  session.  The  total  area  of  the  watershed 
as  mejisured  from  the  map  of  the  Pennsylvania  geological  survey,  is 
11,400  square  miles.  The  principal  tributaries  making  up  this  total 
with  their  area  in  square  miles  are  as  follows:  Conewago  Creek, 
including  ('hautauqua  Lake  watershed,  935;  Tionesta  Creek,  458; 
French  Creek,  1,180;  Clarion  River,  1,175;  Redbank  Creek,  526; 
Mahoning  Creek,  397;  Kiskiminitas  River,  1,846,  and  Alleghen}' 
River  above  mouth  of  French  Creek,  about  5,950.  The  average 
fall  of  the  riv^er  below  Oil  City  is  2.2  feet  per  mile,  but  there  are 
several  stretches  where  for  several  miles  the  fall  reaches  nearly  5 
feet  i)er  mile.  Between  Oil  Cit}^  and  Tarentum,  a  distance  of  112.t> 
miles,  there  are  81  ripples,  some  of  them  at  very  low  water  having 
only  O.T)  foot  depth  of  water;  the  depths  in  quiet  water  are  in  many 
places  front  10  to  20  feet.  The  distance  between  Oil  City  and  Taren- 
tum, the  part  of  the  river  surveyed  and  reported  upon  in  1897  by  the 
United  States  Engineer  Corps,  and  where  the  river  is  quite  winding, 
is  112.(5  miles  by  river  channel  and  57  miles  by  air  line.  The  distance 
by  river  channel  from  Pittsburg  to  Franklin  is  126.4  miles  and  the 
railroad  distance  124  miles.  The  following  table,  furnished  by  Mr. 
Greorge  V..  Lehman,  was  made  in  connection  with  the  survey  of  the 
river  by  the  United  States  Engineer  Corps  in  1897.  It  shows  the 
heights  above  low  water  of  1865  aijd  1898: 

Height  of  Allegheny  River  above  low  trater  in  18G5  and  JlSSS. 


Dis- 
tance 
from 
Pitts- 
burg. 


Pla«e. 


Miles. 
VH. 
\2&. 
110. 

91. 

85. 

m. 

70. 
65. 
56 
4ft 

.'«. 

28, 
21, 


0 
4 
0 
6 
0 

t 

0 

2 

6 
o 

I 

6 

0 


Oil  City 

Franklin  (French  Creek) 

Kennerdell 

Emlenton 

Parker  (Clarion  River) 

Monterey 

E&st  Brady 

Red  bank  Janotion  (Redbank  Creek) 

Mahoning  (Mahoning  Creek) 

Kittanning 

Logansport 

Freeuort  (Kiskiminitas River) 

Tarentum 

Pittsburg 


Width 

between 

banks. 


Plood- 


186&. 


Feet. 

800 

1,060 

900 

600 

1.000 

700 

700 

950 

1,000 

1,000 

750 

860 

1,500 

1,000 


Feet 
23.5 
S3. 2 
26.5 
31. 
36. 
32. 
33. 
24. 
28.3 
30.3 
28.0 

as.o 

28.5 
31.4 


3 
0 
0 
0 
5 


1898. 


Feet. 
12.5 
12.0 
13.5 
19.0 
16.2 
20.5 
23.5 
18.0 
23.5 
25.0 
28.0 
28.5 
240 
2B.0 


It  is  said  that  the  highest  flood  occurred  in  1832,  when  the  water 
rose  to  a  height  of  30  feet  at  Pittsburg.  The  flood  of  1865  is  the 
highest  known,  at  least  for  any  great  extent  of  river  and  for  which 
it  was  possible  to  get  fairly  reliable  information.  The  depths  show 
that  the  rainfall  was  quite  general  over  the  waterahed,  particularly 
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above  Oil  City.  There  is  a  very  gradual  and  slight  increase  toward 
Pittsburg.  The  flood  of  1898  was  high  on  the  lower  Allegheny;  the 
records  show  heavy  rainfall  over  the  watersheds  of  tributaries  south 
of  Clarion  River,  and  the  depths  indicate  this.  The  width  of  river 
has  strong  influence  in  depths,  as  shown  in  list. 

Other  high  floods  than  those  mentioned  above  have  occurred  at 
Pittsburg,  but  they  have  not  all  come  from  Allegheny  River.  The 
flood  of  1884  backed  water  for  several  miles  up  from  the  mouth  of  the 
Monongahela,  the  depth  recorded  being  34.5  feet  above  low  water. 
The  flood  of  1889  rose  to  31.3  feet,  but  at  points  above  the  vicinity  of 
Pittsburg  the  heights  ranged  about  halfway  between  those  of  the 
1865  and  1898  floods.  The  high  water  of  1865  is  locally  known  as 
the  "  oil  flood,"  because  of  the  fact  that  many  hundred  barrels  of  oil 
awaiting  shipment  by  steamboat  from  the  Oil  City  district  were  carried 
downstream. 

Observations  of  the  discharge  of  the  Allegheny  at  Pittsburg  at  the 
time  of  the  1898  flood  were  made  by  Mr.  George  M.  Lehman  on  the 
velocity  of  drift  passing  between  the  bridges.  The  current  averaged 
7.7  miles  per  hour,  and  the  estimated  discharge  was  290,000  second- 
feet. 

YOUGHIOGHENY  RIVER  AT  FRIENDSVILLE,    MARYLAND. 

This  river  rises  in  Garrett  County,  Maryland,  and  flows  in  a  north- 
westerly direction  into  Pennsylvania,  where  it  empties  into  Monon- 
gahela River  15  miles  above  Pittsburg.  Its  source  is  on  the  western 
8lox>e  of  the  Allegheny  Mountains,  at  an  elevation  of  about  2,900  feet. 
The  average  fall  of  the  stream  for  19  miles  above  its  mouth  is  about 
2  feet  per  mile,  but  above  this  point  it  soon  increases  to  an  average 
fall  of  nearly  5  feet  per  mile.  The  bank  height  above  low  water 
ranges  between  15  and  28  feet,  and  the  average  width  between  banks 
from  the  mouth  to  West  Newton,  Pennsylvania,  is  546  feet.  The 
following  heights  at  various  points  in  Pennsylvania  of  the  high  water 
of  February,  1897,  above  low-water  stage,  was  furnished  by  Mr. 
George  M.  Lehman:  Whikett,  13  feet;  Jacobs  Creek,  10  feet;  Smith- 
ton,  14  feet;  Port.  Royal,  17  feet;  Snyder,  16  feet;  West  Newton,  20 
feet;  Suterville,  22  feet;  Buena  Vista,  26.5  feet;  Coultei-ville,  28.5 
feet;  Boston,  29  feet;  McKeesport,  28.5  feet. 

A  measurement  of  Yonghiogheny  River  was  made  October  13, 1892, 
with  surface  floats,  at  Ohio  Pyle,  Pennsylvania,  by  Mr.  Kenneth 
Allen,  in  connection  with  an  investigation  of  a  water  supply  for  the 
works  of  the  H.  C.  Frick  Coke  Company.  It  was  during  a  period  of 
extreme  drought,  and  the  discharge  was  found  to  be  106  second-feet. 
The  area  of  its  watershed  was  approximately  obtained  from  maps  of 
uncertain  accuracy,  but  was  called  1,775  square  miles. 

The  station  at  Friendsville,  Maryland,  was  established  by  E.  G. 
Paul  August  17,  1898.     Measai'ements  are  made  from  the  iron  high- 


160 


OPERATIONS   AT    RIVER   STATIONS,  1899. — PART   II  [Ho.3t 


way  bridge  connecting  the  eaat  and  west  portions  of  the  village.  The 
wire  gage  is  20  feet  from  zero  to  the  end  of  the  weight,  and  referred 
to  a  scale  board  14  feet  long,  graduated  to  feet  and  tenths.  The 
channel  is  straight  for  several  hundred  feet  above  and  below  the 
bridge.  The  bed  is  rocky  and  the  banks  high  and  not  subject  to  over- 
flow. The  observer  is  J.  H.  Cuppet,  a  merchant  residing  within  a 
short  distance  of  the  gage.  The  results  of  measurements  for  1898 
may  be  found  in  the  Twentieth  Annual  Report,  Part  lY,  page  199. 
The  following  measurements  were  made  by  £.  G.  Paul  during  1899: 

January  34,  gage  height,  6.40  feet;  discharge,  959  second-feet 
January  25,  gage  height,  6.35  feet;  discharge,  2,050  second-feet. 
May  17,  gage  height,  5.97  feet;  discharge,  1,097  second-feet. 
June  80,  gage  height,  5.40  feet;  discharge,  944  second-feet. 

Daily  gage  height ^  in  feet,  of  YoiighiogJieny  River  at  Friendsville,  Maryland^  for 

1899, 


Day. 

Jau. 
5.f0 

Feb. 
5.00 

Mar. 

6.50 

• 
Apr. 

6.60 

May. 

4.60 

June. 
4.90 

July. 
6.20 

Aug. 
4.50 

Sept. 
4.00 

Oct. 

.  Nov. 

I              1 
Dec 

1 

1 

1.... 

4.10 

4.10 

1 

;    4.80 

2.... 

6.20 

4.90 

6.40 

6.30 

6.00 

4.90 

4.80 

4.30 

4.10 

4.10 

4.00 

'    4.80 

3-... 

6.20 

6.00 

6.30 

6.00 

6.20 

4.80 

4.00 

4.20 

4.00 

4.10 

6.00 

4.80 

4... 

5.40 

7.40 

6.30 

6.80 

6.30 

4.80 

4.40 

4.20 

4.00 

4.10 

4.80 

4.80 

6..-- 

6.50 

7.00 

7.70 

6.80 

6.80 

4.80 

4.00 

4.00 

8.90 

4.00 

4.50 

4.80 

«.... 

&30 

6.20 

8.20 

6.20 

6.20 

4.60 

4.50 

4.80 

8.90 

4.00 

4.50 

,    4.50 

7  .... 

6.10- 

5.90 

6.60 

6.10 

5.20 

4.60 

4.60 

4.60 

8.90 

4.00 

4.40 

4.00 

8.... 

6.00 

5.60 

6.20 

6.90 

5.10 

4.60 

4.60 

4.30 

4.10 

4.00 

4.80 
4.80 

,    4.00 

9.... 

5.80 

5.40 

5.90 

6.60 

6.90 

4.40 

4.40 

4.20 

4.00 

4.00 

4.80 

10.... 

5.60 

5.30 

6.80 

6.90 

6.60 

6.20 

4.40 

4.20 

4.40 

4.00 

4.40 

4.90 

11-... 

5.30 

5.20 

6.10 

6.70 

6.30 

6.90 

4.80 

4  80 

4.40 

3.90 

4.80 

4.90 

12..  . 

5.20 

5.10 

6.00 

6.60 

6.90 

6.80 

4.20 

4-20 

4.80 

3.90 

4.» 

5.40 

13.... 

6.10 

5.10 

5.90 

6.30 

6.60 

6.60 

4.20 

4.20 

4.80 

8.90 

4.20 

5.80 

14.... 

6.10 

Frozen 

5.70 

5.20 

6.60 

6.60 

4.80 

4.20 

4.20 

8.90 

4.20 

5.50 

15.... 

8.00 

...do.. 

5.60 

5.10 

5.60 

6.70 

4.40 

4.10 

4.10 

3.90 

4.20 

6.80 

16.... 

7.10 

...do.. 

6.60 

5.10 

6.60 

6.50 

4.00 

4.10 

4.10 

3.90 

4.10 

5.10    1 

17.... 

6.80 

...do.. 

5.70 

5.00 

6.70 

6.20 

4.00 

4.10 

4.00 

3.90 

4.10 

5.10 

18  .... 

6.50 

-.do  . 

5.70 

5.00 

8.00 

5.40 

4.90 

4.00 

4.00 

3.90 

4.10 

5.20    , 

19.... 

6.20 

5.10 

5.70 

6.00 

9.50 

6.00 

4.70 

4.00 

4.10 

8.90 

4.30 

5.40    ' 

20.... 

5.80 

5.20 

6.70 

4.90 

7.20 

4.80 

4.60 

4.00 

4.10 

8.90 

4.40 

5.40    ' 

21... 

5.50 

5.40 

6.00 

4.90 

6.90 

4.80 

4.40 

4.00 

4.80 

3.90 

4.00 

5.80 

22.... 

5.40 

6.80 

6.00 

4.80 

6.50 

4.70 

4.30 

4.00 

4.20 

3.90 

4.70 

6.80    1 

23.... 

5.30 

7.20 

6.30 

4.70 

6.10 

4.00 

4.20 

4.00 

4.20 

3.90 

4.00 

5.30 

24.... 

\   6.30 

6.40 

6.30 

4.70 

5.00 

4.60 

4.20 

4.00 

4.10 

3.90 

4.00 

5.20 

25.... 

6.40 

«.90 

6.00 

4.70 

5.80 

5.30 

4.40 

4.00 

4.00 

3.90 

4.00 

5.20 

28... 

6.00 

6.20 

5.80 

^60 

6.10 

6.10 

4.20 

4.00 

4.00 

8.90 

4.40 

5.2t) 

27  .... 

5.70 

7.90 

6.60 

4.60 

4.90 

6.20 

4.20 

4.00 

4.10 

8.90 

4.40 

5.10 

28.... 

5.50 

7.20 

6.60 

4.70 

4.90 

6.20 

4.20 

4.00 

4.10 

4.00 

4.40 

5.10 

29..-. 

5.30 

8.00 

4.70 

4.80 

6.40 

4.40 

4.10 

4.10 

4.00 

4.40 

5.10 

30.... 

5.10 

7.30 

4.60 

4.90 

5.00 

4.80 

4.10 

4.10 

4.00 

4.80 

5.10 

31.... 

5.10 

6.90 



4.90 

4.30 

4.00 

5.10 

CHEAT  RIVER  AT  UNEVA,  WEST   VIRGINIA. 

This  river  rises  in  the  eastern  part  of  West  Virginia,  and  flows 
almost  due  north  across  the  Pennsylvania  boundary,  entering  Mo- 
nongahela  River  3  miles  north  of  the  State  line.  The  drainage  area 
is  partly  mapped  on  the  St.  Greorge,  Piedmont,  Franklin,  Beverly, 
Monterey,  and  Huntersville  atlas  sheets.  As  there  is  no  bridge  at  a 
place  convenient  for  making  measurements,  a  cable  of  600  feet  8i>an 
was  stretched  across  the  stream  6  miles  northeast  of  Morgantown,  at 
Uneva,  West  Virginia,  and  observations  of  heights  begun  on  July  8, 
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1899.  The  gage  is  a  post  bolted  to  a  rock  and  graduated  to  feet  and 
tenths.  The  initial  point  of  soundings  is  on  the  right  bank.  The 
channel  above  and  below  the  station  is  straight.  The  current  is  slug- 
gish. The  right  bank  is  low  and  subject  to  overflow,  but  the  left 
bank  is  high  and  rocky.  The  bed  of  the  stream  is  rooky  and  constant. 
The  observer  is  A.  F.  Blosser,  a  blacksmith  at  Uneva,  West  Virginia. 
On  July  8,  1899,  a  measurement  at  this  station  was  made  by  E.  G.  Paul, 
at  a  gage  height  of  2.60  feet,  and  gave  a  discharge  of  1,148  second- 
feet.  A  measurement  was  made  of  this  river  during  a  period  of 
extreme  drought  at  Morris  crossroads,  Pennsylvania,  1  mile  below  the 
West  Virginia  State  line,  on  October  6,  1892,  by  Mr.  Kenneth  Allen, 
and  the  discharge  found  to  be  249  second-feet. 

Daily  gage  height,  in  feet,  of  Cheat  River  at  Uneva,  West  Virginia,  for  1899. 


Day. 

July. 

Aag. 
3.00 

Sept. 

Oct. 
2.00 

Nov. 

3.70 
4.00 

Dec. 

Day. 

17.... 
18.... 

July. 

3.50 
3.40 

Aug. 

2.40 
2.30 

Sept. 

Oct. 

Nov. 

Dec. 

3.40 
3.20 

1-... 

2.20 

2.90 
2.80 

2.70 
2.30 

1.80  1  9  i/) 

2.... 



2.80 

2.00 

2.00 

1.80 

2.40 

.      3.... 

2.70 

2,30 

1.90 

3.80 

2.70 

19.... 

8.00 

2.20 

2.20 

1.70 

2.60 

3.00 

i      4.... 

2.50 
3.40 

2.20 
2.20 

1.90 
1.90 

3.60 
8.30 

2.70 
2.00 

20.... 
21.... 

2.80 
2.40 

2.10 
2.00 

2.00 
1.90 

1.70 
1.60 

3.40 
3.40 

4.80 
4.40 

1      5.... 

6-... 

3.30 
3.00 
2.80 

2.20 
2.10 
2.00 

1.90 
1.80 
1.80 

3.10 
2.10 
2.10 

2.60 
2.60 
2.50 

22... 
23.-.. 
24.-. 

2.40 
2.40 
2.30 

2.00 
1.90 
1.90 

1.90 
2.30 
2.20 

1.60 
1.60 
1.60 

3.20 
3.00 
3.00 

4.10 
8.90 
5.20 

7.... 

8..-. 

2.00 

9.... 

3.00 

2.70 

2.00 

1.80 

2.80 

2.60 

25.... 

2.50 

1.80 

2.20 

1.60 

3.90 

4.40 

10.... 

2.80 

2.60 

2.20 

1.70 

2.70 

2.50 

26.... 

2.70 

1.80 

2.10 

1.70 

3.70 

3.60 

11-.- 

2.70 

2.50 

4.10 

1.70 

2.00 

2.70 

27.... 

2.80 

1.80 

2.30 

1.70 

3.60 

3.20 

la.... 

2.50 

2.40 

3.80 

1.70 

2.90 

6.50 

28.... 

2.60 

2.50 

2.40 

1.70 

3.30 

2.90 

13.... 

2.40 

2.30 

3.50 

1.70 

2.70 

6.40 

29-... 

2.50 

2.40 

2.30 

1.70 

3.10 

2.70 

U-... 

2.50 

2.20 

3.20 

1.70 

2.60 

4.80 

30.-.. 

3.60 

2.30 

2.20 

1.70 

3.10 

2.60 

15.... 

2.80    2.20 

3.00 

1.70 

2.00 

4.20 

81.... 

3.60 

2.80 

1.70 

16.... 

2.80  ,  2.30     2.80 

1.70 

2.50 

3.80 

The  United  States  Weather  Bureau  have  maintained  gage  readings 
on  Cheat  River  at  Rowelsburg,  West  Virginia,  36  miles  above  its  junc- 
tion with  the  Monongahela.  The  river  at  this  point  is  270  feet  wide. 
The  drainage  area  above  the  station  is  reported  to  be  890  square  miles. 
The  gage  rod  is  on  the  second  pier  of  the  Baltimore  and  Ohio  Rail- 
road bridge.  The  bench  mark  of  the  United  States  Coast  and  Geo- 
detic Survey,  situated  on  the  center  pillar,  west  end  of  the  bridge,  is 
26.66  feet  above  zero  of  the  gage.  The  highest  water  was  22  feet,  on 
July  10, 1880;  lowest,  0.9  foot,  on  October  15,  1896.  The  danger  line 
is  at  14  feet. 

NEW  RIVER  AT  RADFORD,  VIRGINIA. 

This  riyer  rises  in  Watauga,  Ashe,  and  Alleghany  counties,  North 
Carolina,  and  flows  in  a  northwesterly  direction  into  West  Virginia, 
where  it  meets  the  Gauley,  near  Kanawha  Falls,  to  form  the  Great 
Kanawha.  The  drainage  area  is  mapped  on  the  Kanawha  Falls,  Nich- 
olas, Hinton,  Beverly,  Monterey,  Huntersville,  T.ewisburg,  Raleigh, 
Christiansburg,  Dublin,  Pocahontas,  Abingdon,  Wytheville,  Hills- 
ville,  Yadkinville,  Wilkesboro,  and  Cranberry  topographic  sheets. 
The  upper  tributaries  have  a  general  northeasterly  and  southwesterly 
direction,  draining  the  narrow  valleys  of  the  greater  Appalachian 
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Valley  in  Virginia.  The  baHiu  of  New  River  is  for  the  most  part 
mountainous  and  wooded,  forming  one  of  the  most  beautiful  and  pie- 
tui^esque  sections  in.  the  eastern  part  of  the  United  States.  The  river 
itself  is  rapid  and  a  part  of  it  almost  impassable,  even  for  canoes. 
SvKt<3matic  measurements  of  flow  of  New  River  are  made  at  Radford, 
Montgomery  County,  Virginia,  and  at  Fayette,  West  Virginia.  The 
station  at  Radford  is  located  at  the  highway  bridge  close  to  the  Norfolk 
and  Western  Railway  station.  It  was  established  by  D.  C.  Hum- 
phreys August  1,  1898.  The  gage  used  was  erected  by  the  United 
States  Weather  Bureau.  It  consists  of  a  vertical  board  graduated  to 
feet  and  tenths,  and  is  attached  to  the  iron  framework  connecting  the 
pair  of  iron  concrete  cylinders  which  form  the  first  pier  from  the  right 
bank.  The  bench  mark  is  the  bottom  of  the  lowest  horizontal  brace 
connecting  the  two  cylinders,  the  elevation  being  3.88  feet  above  the 
zero  of  the  gage.  The  discharge  measurements  are  made  from  the 
upstream  side  of  the  bridge.  The  initial  point  of  soundings  is  on  the 
right  bank  of  the  river  40  feet  from  the  first  pier.  The  bottom  is  of 
solid  rock  and  gravel  and  is  smooth  and  regular.  On  the  left  bank 
there  is  a  steep,  rocky  bluff.  The  right  bank  is  low  and  subject  to 
overfiow  for  about  100  yards,  but  all  the  water  must  pass  under  the 
bridge,  which  is  about  85  feet  above  low  water.  The  observer  is  A.  J. 
Killinger,  bridge  tender  at  Radford,  Virginia.  The  following  meas- 
urements were  made  by  D.  C.  Humphreys  during  1899 : 

June  29,  gage  height,  1.12  feet;  discbarge,  4,980  seoond-feet. 
Aagast  11,  gage  height,  0.20  foot;  discharge,  2,172  second-feet. 

Daily  gage  height,  infest,  of  Neio  River  at  Hadford,  Virginia,  for  1890, 


Day. 


3 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
30 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

'  July. 

1 

Aug. 

SepL 

Oct. 

Not. 

Dec 

1.00 

0.70 

3.00 

2.40 

1.40 

1.10 

0.80 

0.00 

1.00 

0.30 

0.40 

-O.30  ' 

1.10 

.70 

2.60 

2.00 

1.30 

1.00 

.40 

.00 

1.00 

.20 

1.00 

-.30 

1.00 

1.70 

2.00 

1.90 

1.30 

.90 

.40 

.00 

1.00 

.00 

.90 

-•?!  i' 

1.20 

2.00 

6.05 

1.60 

1.40 

.80 

.30 

.00 

1.10 

.00 

1      .00 

-.30 

1.50 

3.90 

10.50 

2.00 

1.30 

.70 

.30 

.00 

1.00 

.00 

.30 

-.10 

1.80 

5. 70 

7.00 

1.90 

1.00 

.60 

.40 

,00 

.10 

.00 

.20 

-.10 

4.00 

5.00 

5.00 

1.80 

1.10 

.40 

.60 

.00 

.00 

.00 

.00 

-.10 

2.80 

4.20 

4.00 

4.10 

1.20 

.40 

.40 

.00 

.00 

.20 

.00 

-.10 

1.80 

3.10 

2.90 

3.80 

1.90 

.30 

.30 

.00 

.00 

.10 

.00 

-.30 

1.70 

3.  a) 

2.50 

2.90 

1.80 

.30 

.20 

.00 

.00 

.00 

.00 

+  •2! 

1.60 

2.40 

2.2l> 

2.90 

2.00 

.40 

.30 

.00 

.00 

.00 

.00 

.20 

1.20 

2.00 

2.00 

1.90 

1.90 

1.00 

.30 

.00 

.00 

.00 

.00 

1.75 

1.50 

1.90 

1.90 

1.80 

2.00 

3.90 

.40 

.00 

.00 

.00 

.00 

4.30 

1.40 

1.30 

1.70 

1.70 

2.10 

2.60 

.20 

1.00 

.00 

.00 

.00 

2.90 

1.50 

.90 

3.00 

1.80 

1.80 

2.00 

.10 

.50 

.00 

.00 

.00 

1.00 

1.60 

1.20 

6.10 

1.60 

1.70 

1.70 

.00 

.40 

.00 

.00 

.00 

•S 

1.70 

3.50 

3.70 

1.50 

1.30 

1.10 

.00 

.20 

.00 

.00 

.20 

.80  1 

1.20 

3.20 

2.90 

1.40 

1.10 

.90 

.00 

.20 

.00 

.00 

.«0 

•SP  i 

1.10 

3.60 

7.75 

1.60 

1.00 

.60 

.00 

.10 

1.00 

.00 

.00 

.70 

1.10 

2.80 

7.90 

1.50 

1.00 

.90 

.00 

.20 

i.eo 

.00 

.00 

.80 

.90 

3.00 

4.00 

1.40 

.90 

.70 

.10 

.30 

1.00 

.00 

.00 

1.00 

.80 

3.00 

8.80 

1.30 

.80 

.60 

.10 

.30 

.90 

.00 

.00 

.90 

1.00 

2.90 

3.00 

I.:*) 

1.10 

.50 

.10 

.80 

.80 

.00 

.00 

.eo 

1.00 

2.00 

2.80 

1.10 

1.50 

.50 

.00 

.00 

.60 

.00 

.00 

.60 

.90 

1.90 

2.60 

1.00 

1.40 

.60 

.00 

.00 

.50 

.00 

.00 

.50 

1.00 

2.00 

2.50 

2.00 

1.10 

.90 

.00 

.00 

.60 

.00 

.00 

.«) 

1.00 

4.60 

2.00 

2.50 

.80 

1.20 

1.00 

.00 

.40 

.00 

.00 

.30 

.90 

4.00 

3.10 

2.00 

.80 

1.00 

.90 

1.00 

.80 

.00 

.00 

.30 

1.00 

3.00 

1.80 

.70 

1.00 

.80 

1.10 

.40 

.00 

-.20 

.30 

.80 

3.20 

1.60 

.80 

.90 

.50 

1.00 

.30 

.10 

-.30 

.SO 

.80 

2.90 

.90 

.40 

1.00 

.00 

.30 
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GREENBRIER  RIVER  AT  ALDERSON,  WEST  VIRGINIA. 

This  river  rises  on  the  western  slope  of  the  xiUegheny  Mountains, 
in  Pocahontas  County,  West  Virginia,  and  flows  in  a  southwesterly 
direction,  emptying  into  New  River  near  Hinton,  Summers  County, 
West  Virginia.  The  station  was  established  by  C.  C.  Babb  and 
D.  C.  Humphreys,  at  Alderson,  West  Virginia,  21  miles  above  Hin- 
ton, August  1,  1895.  The  drainage  area  at  this  point  is  1,344  square 
miles,  and  is  mapped  on  Hinton,  Beverly,  Monterey,  Huntersville, 
and  Lewisburg  atlas  sheets.  Greenbrier  River  receives  many  short 
tributaries  from  the  Allegheny  Range,  and  flows  for  the  most  part 
through  a  hilly,  broken,  and  mountainous  country  well  covered  with 
forests.  The  station,  described  in  the  Eighteenth  Annual  Rei)ort, 
Part  IV,  page  111,  is  located  one-half  mile  above  the  mouth  of  Muddy 
Creek,  on  the  county  bridge  at  Alderson.  The  wire  ga^e,  length  28.37 
feet,  isin  the  ttiird  panel  of  the  second  span,  downstream  side,  and  was 
lasl  verified  on  August  12, 1899.  This  gage  is  referred  to  three  bench 
marks :  The  first,  on  the  upper  end  of  the  coping  of  the  first  pier  from  the 
left  bank? 21. 75  feet  above  zero  of  the  gage;  the  second,  on  upper  end 
of  the  bridge  seat  of  the  left  bank  abutment,  21.61  feet  above  the  zero 
of  the  gage;  the  third,  on  stone  foundation  of  water  tank  of  the 
Chesapeake  and  Ohio  Railway,  23.48  feet  above  the  zero  of  the  gage. 
A  temporary  bench  mark  has  been  established  on  lower  end  of  third 
floor  beam,  in  second  span  from  left  bank.  Elevation  22.47  feet  above 
the  zero  of  the  gage.  The  bridge  consists  of  four  spans  435  feet  long. 
At  ordinary  stages  the  water  flows  in  two  channels,  there  being  an 
island  600  feet  long  and  75  feet  wide  between  them.  The  banks  are 
high  and  not  subject  to  overflow.  The  bed  is  of  rock  and  gravel  and 
fairly  constant.  The  observer  is  W.  J.  Hancock,  clerk  in  a  hardware 
store,  Alderson,  West  Virginia.  Records  of  measurement  can  be 
found  as  follows:  1895-96,  Eigtheenth  Annual  Report,  Part  IV,  page 
113;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  254;  1808,  Twen- 
tieth Annual  Report,  Part  IV,  page  204.  The  following  measure- 
ments were  made  by  D.  C.  Humphreys  during  1899: 

Jrme  22,  gage  height,  1.94  feet;  discharge,  456  second-feet. 
Angnst  12,  gage  height,  1.36  feet;  discharge,  104  second-feet 


164 


OPERATIONS   AT   RIVER   STATIONS,  1899. — PART   II.         [sa3«. 


Daily  gage  height,  in  feety  of  Greenbrier  River  at  Alderson^  West  Virginia,  for 


Apr.    May.    June.  Jaly.  ,  Ang.    Sept. 


4  13 
8.68 
8.36 
8.13 

2.  go 

2.88 
2.75 
3.00 
4.76 
4.10 
8.68 
8.42 
8.28 
8.15 
8.06 
2.95 
2.86 
2.80 
2.75 
2.70 
2.00 
2.60 
2.46 
2.40 
2.87 
2.60 
2.88 
2.72 
2.67 
2.50 


2.42 
2.40 
2.77 
2.00 
2.66 

2.  as 

2.66 
5.38 
7.30 
6.30 
4.60 
4.30 
4.68 
4.80 
4.85 
3.88 
3.46 
8.15 
8.06 
2.92 
2.88 
2.68 
2.58 
2.52 
2.42 
2.88 
2.27 
2.20 
2.17 
2.15 
2.80 


2.76 
8.15 
3.20 
2.90 
2.66 
2.47 
2.34 
2.25 
2.47 
2.27 
2.25 
2.68 
3.30 
2.90 
2.83 
2.75 
2.52 
2.87 
2.28 
2.20 
2.15 
2.03 
1.80 
2.10 
1.95 
1.92 
1.87 
1.90 
1.92 
1.85 


1.78 
1.76 
1.78 
1.72 
1.67 
1.61 
1.58 
1.61 
1.63 


1.62 

1.64 

1.60 

1.58 

1.60 

1. 

1. 


68 
66 
1.52 


1. 
1. 


.52 
56 

1.58 
1.55 
1.68 
1.60 
1.54 
1.55 
1.50 
1.64 
1.50 
1.58 
1.52 
1.60 


1.48 
1.48 
1.48 
1.38 
1.48 
1.35 
1.22 
1.35 
1.86 
1.34 
1.84 
1.36 
1.38 
1.32 
2.30 
2.00 
1.72 
1.60 
1.38 
1.40 
1.85 
1.42 
1.86 
1.87 
1.30 
1.80 
1.28 
1.25 
1.87 
1.82 
1.32 


1.80 
1.40 
1.38 
1.36 


1. 
1. 
1. 
1. 
1. 


45 
42 
,87 
47 
.56 
1.47 
L60 
1.60 
1.47 
1.42 
1.38 
1.40 
1.38 
1.82 
1.40 
1.47 
1.48 
1.42 
1.66 
1.70 
1.60 
1.58 
1.66 
1.68 
1.60 
1.60 


Oct.     Nov.      Dec.   ' 


1.48 
1.42 
1.42 
1.42 
1.40 
1.40 
1.40 
1.40 
1.83 
1.38 
1.36 
1.84 
1.34 
1.87 
1.86 
1.36 
1.35 
1.26 
1.26 
1.30 
1.3U 


27 
22 
92 
28 
25 
1.25 
1.25 
1.25 
1.23 
1.32 


1.37 
1.48 
1.58 
1.58 
1.00 
1.68 
1.62 
1.58 
1.58 
1.48 
1.48 
1.48 
1.45 
1.43 
1.43 
1.43 
1.40 
1.40 
1.38 
1.38 
1.42 
1.38 
1.88 
1.88 
1.40 

rfS 

1.40 
1.53 
1.66 


1.52 
1.90 
1.45 


1. 
1. 


45 
45 

1.45 
1.45    '• 
1.42    , 
1.40 
1.40    >- 
1.40    i 
1.48    I 
2.20    , 
2.40 
2.45    I 
2.30    I 
2.00 
1.75    ' 
1.73 
1.76 
1.85 
1.75 

78 

78 
1.73 
2.13 
2.02 
1.80 

i.ao 

1.80 
1.95 


1. 
1. 


The  United  States  Weather  Bureau  has  maintained  gage  readings 
on  New  River  at  Hinton,  West  Virginia.  The  drainage  area  above 
the  station  is  reported  to  be  6,020  square  miles.  The  railroad  track 
at  the  depot  is.  33. 5  feet  above  zero  of  gage.  The  highest  water  was 
on  September  13,  1878,  when  it  reached  23  feet;  lowest,  0.5  foot,  date 
unknown.     The  danger  line  is  at  14.5  feet. 


NEW   RIVER  AT  FAYETTE,  WEST  VIRGINIA. 

This  station,  established  by  C.  C.  Babb  and  D.  C.  Humphreys  July 
29,  1895,  is  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  113,  apd  is  located  just  below  the  mouth  of  Wolf  Creek,  on  the 
highway  bridge  of  one  span  at  Fayette,  West  Virginia.  The  drainage 
area  is  mapped  on  the  Kanawha  Falls,  Nicholas,  Hinton,  Beverly, 
Monterey,  Huntersville,  Lewisburg,  Raleigh,  Christiansburg,  Dublin, 
Pocahontas,  Abingdon,  Wytheville,  Hillsville,  Yadkinville,  WUkes- 
boro,  and  Cranberry  atlas  sheets.  The  wire  gage  is  on  the  guard  rail 
on  the  upper  side  of  the  bridge,  about  the  middle  of  the  span,  the 
scale  being  graduated  to  feet  and  tenths.  The  gage  is  referred  to  four 
bench  marks:  First,  the  top  of  the  bottom  plate  of  the  lower  plate 
girder  at  the  end  of  the  first  panel  from  the  left  bank,  downstream 
side,  55.13  feet  above  the  zero  of  the  gage;  second,  top  of  lower  end 
of  coping  on  the  main  pier,  right  bank,  downstream  side,  52.13  feet 
above  the  zero  of  the  gage;  third,  bridge  seat  on  the  right  bank, 
downstream  side,  54.58  feet  above  the  zero  of  the  gage;  fourth,  west 
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corner  of  abutment  stone  by  Chesapeake  and  Ohio  Railway  station, 
58.62  feet  above  the  zero  of  the  gage.  The  gage  was  last  verified 
August  14,  1899.  The  channel  is-  straight  above  and  below  the  sta- 
tion, the  current  is  swift  and  without  obstructions,  except  for  immense 
bowlders  in  the  bottom.  The  banks  are  high,  rocky,  and  not  sub- 
ject to  overflow.  The  bed  is  constant  in  section.  The  observer  is 
M.  W.  Brellahan,  agent  Chesapeake  and  Ohio  Railway,  Fayette,  West 
Virginia.  Records  of  measurement  may  be  found  as  follows :  1895-96, 
Eighteenth  Annual  Report,  Part  IV,  page  115;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  156;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  203.  The  following  measurements  were  made  by  D.  C. 
Humphreys  during  1899:  June  22,  gage  height,  3.65  feet;  discharge, 
5,097  second-feet;  August  14,  gage  height,  1.80  feet;  discharge,  2,985 
second-feet. 

Daily  gage  height^  in  feet,  of  New  River  at  Fayette,  West  Virginia,  for  1899, 


Day. 

Jan. 

Feb. 
4.46 

Mar. 

Apr. 

May. 

6.80 

Jnne. 
6.30 

July. 

Aug. 

Sept. 
3.70 

Oct. 

Nov. 

Dec. 

I 

4.45 

9.00 

8.40 

3.80 

2.40 

0.95 

1.80 

0.80 

2 

4.30 

5.00 

11.51 

8.a5 

6.25 

6.a5 

3.00 

2.30 

1.55 

.80 

2.00 

.86 

3 

4.10 

6.40 

19.35 

6.60 

6.00 

6.00 

3.20 

2.20 

1.50 

.80 

1.95 

.80 

4 

4.10 

7.25 

a5.08 

6.10 

6.86 

5.50 

3.05 

2.40 

1.90 

.70 

1.85 

.70 

5 

4.00 

14.20 

29.78 

5.50 

5.70 

4.95 

2.40 

2.25 

2.20 

.60 

1.80 

.65 

0 

6.90 

20.60 

24.43 

6.85 

5.75 

4.60 

2.46 

2.15 

2.10 

.66 

1.75 

.50 

7 

13.00 

22.80 

18.78 

7.60 

5.66 

:).  15 

2.25 

2.  Of) 

2.00 

.50 

1.76 

.50 

8 

10.10 

17. 10 

14.00 

8.10 

7.56 

3.25 

2.20 

1.86 

1.40 

.50 

2.40 

.46 

» 

6.60 

14.35 

13.30 

7.10 

12.40 

3.20 

2. 10 

1.40 

1.30 

2.06 

1.66 

.35 

10 

5.20 

10.06 

10.10 

7.05 

12.10 

3.05 

2.06 

1.46 

1.35 

2.40 

1.40 

.80 

11 

8.10 

8.30 

9.50 

7.15 

8.10 

3.06 

1.95 

1.35 

1.45 

2.a5 

1.20 

1.00 

12 

7.50 

6.50      9.(N) 

9.80 

9.95 

3.00 

1.90 

1.30 

1.40 

2.65 

1.20 

1.00 

13 

7.40 

6.10 

8.20 

8.00 

8.25 

6.86 

2.05 

1.35 

1.80 

2.60 

1.16 

1.70 

14 

6.46 

6.30 

8.00 

7.55 

8.90 

11.60 

i.a5 

1.40 

1.30 

2.60 

1.10 

9.50 

16 

6.16 

4.50 

8.40 

7.00 

10.70 

11.75 

1.46 

1.50 

1.25 

2.45 

1.10 

8.30 

16.  ... 

5.80 

4.30 

8.25 

6.75 

9.50 

10.30 

i.a5 

2.10 

1.20 

2.40 

1.05 

4.60 

17 

6.50 

4.46 

10.50 

6.66 

8.00 

7.a5 

1.30 

2.70 

1.15 

2.30 

1.05 

3.25 

18-  ... 

6.05 

6.60 

10.10 

6.00 

6.60 

6.00 

1.40 

2.15 

1.20 

2.15 

1.00 

2.95 

19 

4.75 

6.86 

16.00 

5.55 

5.95 

5.30 

i.a5 

1.45 

1.20 

2.10 

1.00 

2.80 

20 

4.35 

6.20 

20.00 

5.66 

5.&5 

6.a5 

1.40 

1.40 

1.16 

2.10 

1.00 

2.85 

21 

4.10 

9.40 

17.60 

6.50 

6.20 

4.a5 

1.80 

1.30 

1.10 

2.05 

.90 

3.05 

22 

4.20 

11.26 

11.40 

6.40 

6.05 

4.10 

1.90 

1.26 

1.15 

2.05 

.90 

8.10 

28.  ... 

6.56 

10.10 

8.30 

5.40 

5.00 

3.50 

1.75 

1.25 

1.10 

2.00 

.90 

3.15 

24 

5.40 

9.50 

8.00 

5.30 

4.a5 

a!a) 

1.50 

1.10 

1.06 

1.85 

.95 

8.00 

25 

4.90 

8.60 

7.55 

6.25 

4.6(J 

3.20 

1.46 

1.05 

1.15 

1.80 

1.00 

3.40 

2B 

4.85 

8.95 

6.40 

6.40 

4.50 

3.10 

1.46 

.95 

1.30 

1.70 

1^10 

a  80 

27 

4.85 

20.05 

11.10 

8.50 

4.10 

3.05 

1.40 

.90 

1.20 

1.70 

1^10 

4.10 

28 

4.60 

14.65 

L5.00 

8.70 

3.90 

3.30 

1.30 

.90 

1.20 

1.60 

1.05 

4.40 

29 

f.m 

18.70 

7.76 

8.86 

4.16 

3.80 

.85 

1.20 

1.65 

1.00 

8.06 

30 

4.60 

14.10 

7.10 

3.80 

4.05 

3.00 

.80 

1.20 

1.70 

.85 

2.90 

31 

4.50 



9.06 

4.30 

2.25 

2.60 

1.60 

2.85 

B'RBNCH   BROAD   RIVER  AT  ASHEVILLB,  NORTH   CAROLINA. 

French  Broad  River  rises  in  the  western  part  of  North  Carolina, 
and  flows  in  a  general  northwesterly  direction  into  Tennessee.  It 
joins  Holston  River  just  above  Knoxville  to  form  the  Tennessee. 
rPhe  watershed  is  for  the  most  part  mountainous  and  covered  with  a 
lieav}^  growth  of  timber.  There  are  water  powers  capable  of  devel- 
opment at  a  number  of  places  on  the  French  Broad.  The  drainage 
^trea  is  mapped  on  the  Asheville,  Mount  Mitchell,  Pisgah,  and  Saluda 
ctt>la8  sheets.  Measurements  of  flow  have  been  made  at  Asheville, 
14'orth  Carolina.  This  station,  described  in  the  Eighteenth  Annual 
IRR  36 5 
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Report,  Part  IV,  page  116,  was  established  by  Cyrus  C.  Babb  in 
September,  1895,  and  is  located  at  the  Bingham  School  iron  highway 
bridge,  3  miles  west  of  Asheville,  North  Carolina,  and  is  reached  by 
an  electric  car  line  from  Asheville.  The  Swannanoa  River  joins  the 
French  Broad  3  miles  above  the  station.  The  zero  of  the  rod  of  the 
wire  gage  is  opposite  the  east  edge  of  the  fifth  upright,  first  span  from 
east,  upper  side.  When  the  gage  height  is  3.22  feet,  water  surface  is 
17.18  feet  below  top  of  the  lower  end  of  the  second  floor  beam,  first 
span  from  the  east.  The  gage  was  last  verified  on  October  27,  1899. 
The  initial  point  for  soundings  is  on  the  right  bank  at  the  end  of  the 
first  span  of  the  bridge.  Both  banks  may  overflow  in  very  high  water. 
The  current  is  swift,  the  channel  straight,  rocky,  and  reasonably 
permanent.  The  observer  is  J.  M.  Taylor,  a  carpenter  at  Asheville, 
North  Carolina.  Records  of  measurements  may  be  found  as  follows: 
1895-97,  Nineteenth  Annual  Report,  Part  IV,  page  257;  1898,  Twen- 
tieth Annual  Report,  Part  IV,  page  205. 

The  following  measurements  were  made  by  E.  W.  Myers  and  R.  E. 
Shuford  during  1899: 

Febmary  25,  gage  height,  4.30  feet;  discharge,  2,810  second-feet 
Jane  16,  gage  height,  3.03  feet;  discharge,  2,359  second-feet. 
September  30,  gage  height,  1.94  feet;  discharge,  714  second-feet. 
October  27,  gage  height,  1.95  feet;  discharge,  815  aecond-feet. 
November  30,  gage  height,  2.12  feet;  discharge,  1,043  second-feet 

Daily  gage  height,  in  feet,  of  French  Broad  River  at  Asheville,  North  Carolina^ 

for  1899, 


Day. 
1 

Jan. 

Feb. 

Mar. 
6.80 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

DecL 
2.23 

4flO 

3.60 

5.26 

4.80 

2.90 

2.40 

2.46 

8.10 

1.80 

2.80 

S 

4.20 

3.55 

6.40 

5.20 

4.16 

2.80 

2.48 

2.80 

8.06 

1.88 

2.30 

2.15    1 

3 

tf.90 

4.65 

6.60 

6.80 

4.17 

2.73 

2.50 

2.23 

8.00 

1.85 

2.20 

S.15    1 

4 

8.80 

8.20 

4.40 

6.50 

4.16 

2.70 

2.46 

2.20 

2.80 

1.90 

2.15 

2.20 

5 

8.90 

8.00 

4.20 

6.10 

4.20 

•  2.?3 

2.45 

2.10 

2.60 

1.90 

2.13 

2.17 

0 

8.96 

7.03 

4.30 

6.40 

4.80 

2.65 

2.47 

2.00 

2.80 

2.00 

2.10 

2.15    f 

7 

^4.20 

7.00 

4.86 

6.65 

4.40 

2.53 

2.45 

2.03 

2.10 

2.06 

2.07 

2.13 

8 

•4.70 

6.50 

4.85 

5.80 

4.80 

2.50 

2.40 

2.60 

8.60 

2.65 

2.06 

2.11 

9 

4.66 

5.50 

4.80 

6.70 

4.80 

2.67 

2.40 

2.70 

2.00 

2.40 

2.08 

2.05 

10 

4.50 

6.00 

4.25 

5.80 

4.20 

2.63 

2.87 

8.00 

2.50 

2.80 

2.00 

S.15    ! 

11 

4.40 

4.80 

4.80 

5.90 

4.85 

2.70 

2.85 

8.50 

2.36 

2.25 

2.00 

8.40 

12 

4.20 

4.70 

4.30 

6.46 

4.00 

2.73 

2.85 

2.46 

2.20 

2.20 

2.20 

e.35 

13 

4.10 

4.50 

6.00 

6.45 

4.56 

2.65 

2.80 

2.20 

2.16 

2.13 

l.»7 

(LIS    1 

U 

4.08 

4.40 

8.50 

5.60 

4.40 

2.53 

2.23 

2.26 

2.10 

2.06 

1.95 

&20    j 

15 

4.40 

4.80 

11.50 

4.50 

4.80 

2.50 

2.20 

2.27 

2.10 

2.66 

1.93 

S.7D 

16 

4.40 

5.60 

9.00 

4.80 

4.20 

2.57 

2.15 

2.23 

2.10 

2.40 

1.96 

2.7? 

17 

4.85 

5.40 

7.60 

4.60 

4.00 

2.63 

2.40 

2.10 

2.10 

2.80 

2.00 

2.85 

18 

4.80 

6.25 

5.50 

4.50 

8.80 

2.83 

2.46 

2.05 

2.15 

2.25 

2.00 

2-75 

19 

4.25 

5.20 

11.25 

4.45 

8.70 

2.80 

2.37 

2.03 

2.23 

2.20 

2.13 

2.70 

20 

4.10 

5.00 

10.00 

4.35 

3.00 

2.80 

2.27 

2.08 

2.20 

2.10 

2.10 

2.67 

21 

3.70 

4.15 

7.60 

4.80 

4.40 

2.70 

2.23 

2.00 

2.10 

2.05 

2.07 

2.60    1 

22 

3.65 

4.80 

6.70 

4.20 

4.80 

2.65 

2.16 

2.00 

1.90 

2.07 

2.06 

2.55    , 

23 

3.00 

4.50 

6.05 

4.40 

4.20 

2.60 

2.20 

1.97 

1.85 

2.10 

2.08 

3.40 

24 

3.70 

4.40 

6.70 

4.50 

4.00 

2.55 

2.20 

1.96 

1.83 

2.10 

2.00 

3.98 

:» 

4.05 

4.80 

6.40 

4.60 

8.80 

2.47 

2.16 

1.98 

1.90 

2.07 

2.00 

3.80 

2tt 

4.08 

4.40 

5.25 

4.70 

3.70 

2.65 

3.00 

2.00 

2.15 

2.05 

2.16 

3.53 

27 

4.00 

8.80 

5.60 

4.50 

3.60 

2.85 

3.16 

2.10 

2.10 

2. 08 

2.80 

2.10 

28 

8.80 

7.75 

6.25 

4.40 

2.85 

2.95 

3.00 

2.50 

2.16 

2.00 

2.40 

2.70 

29 

8.75 

5.:3 

4.80 

2.80 

2.80 

2.80 

2.60 

1.85 

2.05 

2.37 

2.65    ' 

ao 

8.70 

6.40 

4.26 

2.75 

2.50 

2.60 

2.80 

1.80 

2.13 

2.95 

2.10 

81 

8.66 

....... 

5.85 

8.00 

2.48 

8.86 

2.25 

2.57 
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TUCKASBGEE  MVBR  AT  BRYSON,   NORTH  CAROLINA. 

This  river  rises  in  the  soathwestera  part  of  North  Carolina,  at  the 
base  of  Tennessee  Ridge,  which  separates  Jackson  and  Transylvania 
counties.  It  flows  in  a  northwesterly  direction,  emptying  into  the  Little 
Tennessee  River  at  Bushnell,  North  Carolina.  Measnrements  of  dis- 
charge are  made  at  Bryson,  2  miles  below  the  mouth  of  Newton  Mill 
Creek.  The  drainage  area  is  609  square  miles,  largely  of  a  rough  and 
mountainous  nature,  covered  with  forest  growth,  and  is  mapped  on 
the  Cowee,  Pisgah,  and  Mount  Guyot  atlas  sheets.  The  old  station, 
described  in  the  Eighteenth  Annual  Report,  Part  IV,  page  116,  was 
located  on  the  Southern  Railway  bridge  about  3  miles  above  Bryson, 
North  Carolina,  and  just  below  Governor  Island  jwst-office,  and  was 
abandoned  March  25, 1897,  because  the  section  was-  poor.  A  new  sta- 
tion was  established  by  A.  P.  Davis  November  7,  1897,  at  the  high- 
way bridge  in  the  town  of  Bryson,  North  Carolina.  The  gage  is  bolted 
to  the  north  pier,  lower  side,  and  can  be  read  from  the  bridge.  The 
initial  point  of  sounding  is  at  the  south  end  of  upstream  hand  rail. 
The  channel  is  straight,  but  obstructed  by  the  remnants  of  two  old 
piers.  The  current  is  sluggish,  the  river  bed  muddy  and  fairly  con- 
stant. The  observer  is  H.  H.  Welch,  a  carpenter  at  Bryson,  North 
Carolina.  Results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report.,  Part  IV,  page  117;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  257;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  206.  The  following  measurements  were  made  by 
E.  W.  Myers  and  R.  E.  Shuford  in  1899: 

Measurements  of  Tuckasegee  River  at  Bryson,  North  Carolina, 


Date. 


1890. 

Feb.  30 

June  17 

Jane  10 

Sept  30 

Do 


Oage 
height. 

Dis- 
charge. 

Sec-feet. 

10,100 

1,216 

712 

376 

969 

Feet. 

7.00 
SS.OO 
1.80 
1.25 
1.25 

Date. 


1899. 

Oct.  28 

Do 

Dec.  5 

Dec.  28 


Gage 
height. 


Feet. 

1.10 
1.10 
1.20 
1.70 


Dis- 
charge. 

Sec-feet. 

404 

460 

479 

1,010 
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Daily  gage  height^  in  feet^  of  Tuckasegee  River  at  Brynon^  NorthJOarclina^  for  1899, 


Day. 

Jan. 
2.60 

Feb. 

Mar. 

1 

2.06 

8.20 

2 

2.2l» 

1.86 

8.00 

3 

2.06 

3.00 

2.26 

i 

2.20 

9.00 

8.80 

5 

2.60 

•      »    0       •     •    ■      - 

8.50 

6 

8.00 

7.50 

8.40 

1  ..... 

2.60 

7.00 

8.26 

8 

2.56 

6.80 

8.00 

0 

2.60 

8.60 

2.96 

10 

2.80 

8.00 

2.80 

11 

2.30 

3.20 

2.80 

12 

w 

8.00 

2.65 

18 

i«i 

2.80 

2.00 

U 

100 

2.80 

3.40 

16 

2.80 

2.70 

9.00 

16 

2.20 

2.70 

6.60 

17 

2.20 

2.70 

4.80 

18 

2.20 

2.60 

4.90 

19 

2.10 

2.50 

11.00 

20 

2.10 

2.50 

6.80 

21 

2.06 

2.50 

4.00 

28 

2.00 

2.46 

4.80 

23 

2.00 

2.40 

4.80 

24 

2.20 

2.86 

8.70 

26 

2.06 

2.80 

3.60 

26 

2.00 

8.40 

8.60 

27 

2.00 

7.00 

4. 00 

28 

1.96 

a50 

8.60 

29 

1.90 

8.50 

ao 

1.80 

8.40 

31 

2.00 



4.00 

Apr. 


8.40 
8.06 
8.50 
8.20 
3.10 
8.10 
8.10 
8.00 
8.60 
8.20 
8.00 
8.00 
2.60 
2.90 
2.86 
2.80 
2.60 
2.60 
2.56 
2.60 
2.50 
2.46 
2.40 
8.00 
2.00 
2.80 
2.80 
2.60 
2.60 
2.40 


May. 


2.80 

2.80 

2.50 

2.60 

2.60 

8.00 

8.00 

2.90 

2.86 

2.60 

2.60 

2.86 

2.80 

2.20 

2.20 

2.26 

2.20 

2.26 

2.26 

2.20 

2.10 

2.00 

2.00 

2.00 

2.00 

1. 

1. 

1. 

1. 

1. 


90 
90 
90 
80 
80 
1.80 


1.80 
1.80 
2.00 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
3.60 
2.80 
2.20 
2L10 
2.00 
2.00 
2.00 
1.80 
1.70 


1. 
1. 


70 
60 


1.60 


60 
,50 
80 
70 
,60 
1.60 
1.60 


1. 
1. 
1. 
1. 
1. 


Jnly. 

Aagr- 

Sept. 
1.40 

Oct. 
1.00 

Nov. 

Dec 

1 

1.50 

1.40 

1.00 

L50 

1.50 

1.40 

1.40 

1.00 

1.00 

L40 

1.50 

1.40 

1.36 

1.00 

1.80 

1.40    1 

1.60 

1.40 

1.30 

1.00 

1.70 

L20 

1.60 

1.40 

1.80 

1.00 

1.20 

Lau 

1.80 

1.80 

1.80 

1.00 

1.15 

La) 

1.80 

1.80 

1.20 

1.00 

1.06 

Lao 

1.70 

1.80 

1.20 

2.00 

1.05 

L20 

1.60 

1.80 

1.20 

1.60 

1.00 

L50 

1.60 

1.40 

1.20 

1.40 

1.00 

Lao 

1.60 

1.40 

1.20 

1.40 

1.00 

LGO 

1.40 

1.40 

1.20 

1.80 

LOO 

6,50 

1.30 

1.40 

1.20 

1.26 

1.00 

2.90 

1.80 

1.40 

1.20 

1.10 

1.00 

SwOO 

1.30 

1.80 

1.20 

1.00 

1.00 

L6& 

1.80 

1.30 

1.20 

1.00 

LOO 

L50 

1.60 

1.30 

1.15 

1.00 

LOO 

L30 

1.80 

1.80 

1.15 

1.00 

LOO 

L30 

1.30 

1.80 

1.10 

1.00 

LOO 

L90 

1.30 

1.20 

1.26 

2.00 

L05 

LSO 

1.40 

1.20 

1.06 

1.16 

L60 

L60 

1.40 

1.20 

1.00 

1.10 

L50 

LSO 

1.60 

1.2D 

1.00 

1.10 

L80 

LSO 

1.50 

1.20 

1.00 

1.10 

L20 

L90 

1.50 

1.20 

1.00 

1.10 

L20 

L90 

1.50 

1.20 

1.00 

1.10 

L20 

L90 

1.50 

1.20 

1.00 

1.06 

L20 

L80 

2.00 

1.80 

1.00 

1.06 

L50 

L70 

2.00 

1.86 

1.00 

1.06 

L45 

L70 

1.60 

1.50 

1.00 

1.00 

L80 

LSO 

1.50 

1.50 

1.00 

LSO 

a  River  frozen. 
LITTLE  TENNESSEE  RIVER  AT  JUDSON,   NORTH  CAROLINA. 

This  river  rises  in  the  moantains  between  North  Carolina  and 
Georgia,  and  flows  in  a  northwesterly  direction,  emptying  into  Ten- 
nessee River  at  Lenoir,  Tennessee.  Measurements  of  flow  are  made 
at  Judson,  North  Carolina,  below  the  mouth  of  Sawyer  Branch. 
The  area  drained  is  682  square  miles,  which  is  largely  mountainous 
and  covered  with  a  forest  growth.  It  is  mapped  on  the  Nantahala, 
Cowee,  and  Walhalla  atlas  sheets.  The  station,  as  described  in  the 
Eighteenth  Annual  Report,  Part  IV,  page  117,  was  established  by 
E.  W.  Myers  in  June,  1896.  It  is  located  on  the  Southern  Railway 
bridge  about  one-fourth  of  a  mile  from  Judson,  North  Carolina.  The 
river  is  straight  for  several  hundred  yards  above  and  below  the  sta- 
tion ;  the  bottom  rocky  and  very  rough  on  the  west  side  and  sandy  on  the 
east  side.  The  current  is  swift  and  considerably  obstructed  by  two  old 
piers.  The  section  is  constant,  but  not  a  good  one  for  measurements. 
The  observer  is  R.  C.  Sawyer,  a  farmer  at  Judson,  North  Carolina. 
Records  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  117;  1897,  Nineteenth  Annual  Report^ 
Part  IV,  page  256;  1898,  Twentieth  Annual.  Report,  Part  IV,  pagp 
207.  The  following  measurements  were  made  by  E.  W.  Myers  and 
R.  E.  Shuford  during  1899: 

February  27,  gage  height,  10.25  feet;  discharge,  21,880  second-feet. 
Jane  20,  gage  height,  3.80  feet;  discharge,  1,491  second-feet. 
September  21,  gage  height,  2.28  feet;  discharge,  889  second-feet. 
September  27,  gage  height,  2.65  feet;  discharge,  721  second-feet. 
October  29,  gage  height,  2.84  feet;  discharge.  896  second-feet. 
December  6,  gage  height,  2.75  feet;  discharge,  758  second-feet. 


NORTH   CAROLINA. 
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Daily  gage  height,  in  feet  y  of  Little  Tennessee  River  at  Judscm,  North  Carolina,  for 

1899. 


DaT. 


1. 

8. 

8. 

4. 

6. 

« 

7. 

8. 

9. 
10. 
U. 
12. 
13. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20. 
21.. 
22. 
23.. 
24.. 
25.. 
26.. 
27.. 
28. 
29.. 
30.. 

.•n . 


L! 


Jan. 

Feb. 

Mar. 

8.62 

3.66 

4.82 

8.59 

3.69 

4.89 

aeo 

4.96 

3.98 

a57 

11.38 

3.74 

8.68 

10.58 

8.72 

a62 

9.72 

8.64 

4.28 

11.40 

3.64 

4.23 

9.58 

8.68 

3.96 

8.66 

3.67 

8.92 

7.51 

3.61 

3.84 

5.32 

3.61 

8.84 

5.32 

3.62 

3.80 

4.58 

3.64 

8.71 

3.72 

9.66 

3.70 

8.71 

7.42 

3.09 

3.70 

8.98 

3.68 

8.68 

6.81 

3.69 

8.68 

4.68 

3.69 

8.T8 

18.00 

3.69 

3.74 

12.00 

3.66 

8.74 

8.65 

3.68 

8.70 

6.54 

3.67 

8.69 

4.88 

8.67 

3.68 

4.82 

3.69 

3.60 

4.28 

8.68 

3.65 

8.92 

8.62 

10.25 

4.78 

8.59 

6.72 

4.74 

3.58 

6.70 

8.69 

5.90 

8.57 

5.60 

Apr. 


4.78 
4.60 

O.  ^v 

3.82 
8.81 
8.80 
8.78 

a72 

3.72 
3.70 
8.68 
8.69 
3.49 
8.48 
8.46 
3.48 
3.62 
3.62 
3.61 
8.48 
3.49 
3.61 
3.60 
3.72 
3.72 
8.70 
8.78 
8.74 
3.79 
3.70 


May. 


3.78 
3.76 
8.80 
3.92 
6.68 
4.03 
4.80 
3.91 
3.90 
3.82 
8.71 
8.70 
3.68 
8.60 
8.62 
8.80 
3.82 
8.71 
3.74 
3. 78 
3.62 
2.00 
2.80 
2.60 
2.47 
2.46 
2.30 
2.31 
2.36 
3.36 
2.34 


Jane. 


2.38 
2.47 
2.40 
2.37 
2.88 
2.34 
2.31 
2^ 

2!w 

2.29 
2.27 
2.91 
6.71 
6.70 
5.82 
5.40 
8.66 
3.41 
3.40 
2.66 
2.58 
2.47 
2.75 
2.70 
3.15 
8.10 
3.00 
8.31 
3.80 
8.00 


July. 


3.14 
8.40 
8.83 
3.30 
3.27 
3.28 
4.42 
3.90 
8.18 
3.10 
2.90 
2.71 
2.71 
2.70 
2.68 
2.69 
8.48 
3.80 
8.10 
2.08 
2.84 
8.91 
4.28 
4.20 
3.90 
3.90 
3.91 
3.88 
3.86 
3.86 
3.71 


Aug. 


3.70 
8.68 
8.68 
3.64 
8.62 
3.68 
8.47 
8.28 

2.n 

2.70 
4.98 
4.57 
8.38 
2.92 
2. 88 
2.88 
2.64 
2.68 
60 
60 
48 
42 
2.41 
2.41 
2.40 
2.89 
2.88 
2.37 
2.37 
2.24 
2.26 


2. 
2. 
2. 
2. 


Sept 


4.82 
4.21 
8.17 
3.80 
8.81 
3.70 
2.01 
2.46 
2.88 
2.32 
2.82 
2.28 
2.27 
2.25 
2.25 
2.24 
2.22 
2.25 
2.28 
2.28 
2.23 
2.20 
2.21 
2.21 
2.26 
2.66 
2.60 
2.41 
2.41 
2.40 


Oct 


2.48 
2.46 
2.46 
2.45 
2.42 
2.89 
2.39 
8.71 
5.58 
4.81 
8.72 
3.20 
2.58 
2.51 
2.60 
2.50 
2.48 
2.49 
2.62 
2.52 
2.57 
2.60 
2.00 
2.60 
2.60 
2.60 
2.60 
2.60 
2.68 
2.57 
2.57 


Nov. 


2.48 
2.49 
2.40 
2.41 
2.72 
2.74 
2.69 
2.68 
2.64 
2.64 
2.63 
2.62 
2.62 
2.62 
2.64 
2.68 
2.68 
2.69 
2.67 
2.67 
2.49 
2.54 
2.70 
2.71 
2.77 
2.89 
8.42 
3.60 
2.98 
2.90 


Dec. 


2. 
2. 


2.72 
2.72 
2.70 
2.70 
2.70 
2.68 
2.69 
2.62 
2.60 
2.62 
2.62 
,60 
70 
8.40 
6.60 
4.61 
3.02 
2.94 
2.94 
2.90 
2.53 
2.62 
2.41 
2.40 
2.42 
2.42 
2.48 
2.41 
2.42 
2.42 
2.39 


HIWASSEE  RIVER  AT  MURPHY,  NORTH   CAROLINA. 

Hiwassee  River  rises  iii  the  northern  part  of  Georgia  and  flows 
through  the  southwestern  corner  of  North  Carolina  into  Tennessee, 
where  it  empties  into  Tennessee  River.  The  watershed  is  broken  and 
mountainous  for  the  most  part  and  well  covered  with  forest.  The 
area  drained  is  410  square  miles,  and  is  mapped  on  the  Murphy,  Nan- 
tahala,  and  Dahlonega  atlas  sheets.  The  river  is  measured  at  two 
places,  Murphy,  North  Carolina,  and  Charleston,  Tennessee,  17  miles 
above  its  mouth.  The  station  at  Murphy,  described  in  the  Eighteenth 
Annual  Report,  Part  IV,  page  117,  is  located  on  the  highway  bridge 
crossing  the  river  at  Murphy,  North  Carolina,  one-half  mile  above 
Valley  River,  and  was  established  by  E.  W.  Myers  July  26, 1896.  The 
wire  ga^e  was  last  verified  on  December  29,  1899.  The  length  of  the 
^age  is  29.10  feet.  The  section  here  is  a  fairly  good  one,  though 
somewhat  obstructed  by  the  remains  of  two  old  piers  directly  under 
the  present  bridge.  The  course  of  the  stream  is  straight  for  several 
hundred  yards  above  and  below  the  bridge,  and  the  current  fairly 
rapid.  The  bottom  is  hard  and  rocky  and  not  subject  to  any  decided 
change  by  high  water.  The  observer  is  M.  L.  Brittain,  Murphy,  North 
Carolina.  The  results  of  measurements  may  be  found  as  follows: 
1896-97,  Nineteenth  Annual  Report,  Part  IV,  page  269;  1898,  Twen- 
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tieth  Annual  Report,  Part  IV ,  page  209.     The  following  meaBurements 
were  made  by  E.  W.  Myers  and  R.  E.  Shuford  in  1899: 

Febmary  28,  gage  height,  7.50  feet;  discharge,  2,160  Beoond-feet.  ^ 
June  23,  gage  height,  5.17  feet;  discharge.  400  second-feet. 
June  23,  gage  height,  5.30  feet;  discharge,  436  second-feet. 
September  28,  gage  height,  4.93  feet;  discharge,  804  second-feet. 
September  28,  gage  height,  5.00  feet;  discharge,  345  second- feet. 
December  7,  gage  height,  5.10  feet;  discharge,  317  second-feet. 
December  29,  gage  height,  5.50  feet^  discharge,  613  second-feet. 

Daily  gag^  height,  in  feet,  of  Hitoassee  River  at  Murphy,  North  Carolina,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 
Dec.  1 

1 

6.80 

6.60 

6.90 

6.80 

6.85 

6.30 

5.30 

6.40 

4.90 

4.85 

1 
5.10 

3 

6.70 

6.70 

6.60 

6.60 

6.82 

5.30 

6.20 

6.25 

4.80 

4.90 

5.35 

3 

5.70 

6.70 

6.70 

«  6.50 

6.80 

6.30 

6.20 

5.50 

4.85 

4.90 

5.10 

4 

5.86 

14.00 

6.82 

7.20 

6.80 

6.26 

6  16 

5.30 

4.75 

4.90 

5.10 

5 

6.60 

0.60 

7.40 

6.56 

6.10 

5.26 

6.12 

6.20 

4.80 

4.90 

5.10 

6 

6.70 

9.46 

6.76 

6.60 

6.80 

6.25 

5.20 

6.10 

4.90 

4.90 

5.  OS 

7 

6.30 

9.90 

6.60 

6.55 

6.86 

6.10 

6.20 

6.10 

4.90 

4.90 

5.00 

8 

6.00 

7.85 

6.40 

6.70 

6.70 

5.10 

6.20 

5.16 

6.70 

4.90 

5.10 

9 

6.90 

7.20 

6.40 

6.60 

5.70 

6.20 

5.20 

6.12 

6.05 

5.15 

4.90 

5.06 

10 

6.80 

6.75 

6.30 

6.60 

6.70 

6.15 

6.10 

6.16 

5.00 

6.00 

4.00 

5.10 

11 

6.80 

6.00 

6.20 

6.40 

5.62 

5.10 

6.10 

6.15 

5.20 

6.02 

4.90 

5.10 

12..  .. 

6.80 

6.55 

6.10 

6.30 

5.62 

5.82 

6.06 

5.10 

6.10 

5.00 

4.85 

9.10 

13    .... 

6.70 

6.31) 

6.10 

6.20 

5.60 

6.80 

5.00 

5.10 

6.00 

4.90 

4.85 

6.30 

U 

6.70 

6.40 

6,75 

6.20 

6.55 

6.60 

6.00 

6.06 

5.00 

4.80 

4.90 

6.83 

16 

6.75 

6.40 

10.80 

6.10 

5.00 

6.35 

6.00 

6.20 

6.00 

6.00 

4.90 

5.70 

16 

6.75 

6.30 

8.75 

6.10 

5.50 

6.25 

6.00 

6.32 

4.90 

5.00 

4.00 

5.50 

17 

6.75 

»  6.26 

7.50 

6.06 

6.60 

6.30 

6.10 

6.20 

6.00 

6.00 

4.90 

5.«D 

18 

6.70 

6.25 

7.10 

6.00 

6.50 

6.20 

6.30 

6.10 

6.00 

4.95 

4.90 

5.40 

19 

6.70 

6.00 

18.40 

6.00 

6.60 

6.20 

6.20 

6.00 

5.00 

6.10 

4.85 

5.30 

20 

5.70 

6.10 

8.70 

6.00 

6.60 

5.15 

5.10 

6.00 

5.10 

6.00 

4.85 

5.50 

21 

6.70 

6.10 

7.60 

6.00 

5.45 

6.10 

6.30 

6.00 

5.00 

6.00 

4.90 

5.40 

28 

5.60 

6.10 

7.20 

6.90 

6.40 

6.10 

6.30 

5.00 

6.00 

4.90 

4.90 

5.% 

23 

5.00 

6.00 

8.15 

6.90 

640 

5.10 

6.30 

5.00 

6.00 

4.90 

5.40 

5.30 

24 

5.62 

5.92 

7.00 

6.00 

6.42 

4.86 

6.20 

.5.00 

6.00 

4.90 

5.12 

6.30    1 

26 

5.66 

6.10 

6.80 

6,70 

5.40 

4.95 

6.20 

5.10 

6.00 

4.90 

5.10 

5.70    1 

28 

6.00 

6.00 

6.60 

6.10 

5.40 

6.06 

6.80 

6.06 

5.00 

4.90 

5.75 

.5.60    , 

27 

5.00 

9.10 

6.52 

6.00 

6.85 

5.00 

6.76 

6.25 

5.02 

4.90 

6.40 

5.50 

28 

5.60 

7.30 

6.50 

6.00 

5.86 

6.00 

6.90 

6.45 

6.00 

6.00 

•5.30 

5.55 

29 

6.50 

6.00 

6.90 

6.38 

6.00 

6.10 

5.00 

5.10 

5.20 

5.5CI 

30 

6.60 

.... 

6.70 

6.90 

6.88 

6.00 

6.10 

4.88 

4.90 

5.10 

5.35 

81 

5.90 

7.80 

6.30 

6.70 

6.00 

5.40 

No  readings  July  1  to  9;  gage  broken. 
mWASSEE  BIVBB  AT  CHARLESTON,   TENNESSEE. 

The  gaging  station  on  this  river  is  located  at  the  bridge  of  the  South- 
ern Railway  600  feet  from  the  depot  in  the  town  of  Charleston,  Ten- 
nessee. It  is  17  miles  above  the  mouth  of  the  river  and  53  miles  above 
Chattanooga,  Tennessee.  The  drainage  area  is  mapped  on  the  Cleve- 
land, Murphy,  EUijay,  Nantahala,  Dahlonega,  Dalton,  Loudon,  and 
Kingston  atlas  sheets.  This  station  was  originally  established  by  the 
United  States  Engineer  Corps,  but  is  now  maintained  as  a  half-year 
station  by  the  United  States  Weather  Bureau,  gage  heights  being  kept 
from  November  1  to  April  31,  inclusive.  The  gage  rod  is  fastened  to 
the  downstream  end  of  the  south  pier  of  the  bridge,  125  feet  from  the 
shore.  It  is  painted  white  and  marked  in  feet  and  tenths.  The  l>ench 
mark  is  across  cut  in  the  top  surface  of  the  upper  corner  stone  of  the 
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pier,  and  is  35. 00  feet  above  the  zero  of  the  gage.  The  greatest  height 
recorded  at  this  point  was  on  Inarch  31, 1886,  when  the  gage  read  32.2 
feet.  The  danger  line  is  phiced  at  22  feet.  The  railroad  bridge  is  an 
iron  3-span  bridge,  with  a  total  length  of  390  feet.  There  are  embank- 
ments at  each  end  which  confine  the  water,  even  at  the  highest  stages, 
within  the  banks.  The  observer  is  J.  M.  Bates,  Charleston,  Tennes- 
see.    The  following  measarements  were  made  by  Max  Hall  in  1899: 

May  6,  gage  height,  3.65  feet;  discharge,  6,684  second-feet.  " 

May  25,  gage  height,  2.05  feet;  discharge,  8,730  second-feet. 
September  16,  gage  height,  0.35  foot;  discharge,  1,366  second-feet 
October  27,  gage  height,  0.20  foot;  discbarge,  1,194  second-feet 

Daily  gage  height,  in  feet,  o/Hiwassee  Rivel^at  Charleston,  Tennessee,  for  1899. 


Jan. 


8.00 
2.80 
2.40 
2.30 
2.90 
4.00 
8.80 
6.70 
4.M) 
8.90 
3.40 
3.  GO 
3.10 
2.00 
3.00 
2.90 
8.20 
8.30 
3.00 
2.80 
2.00 
2.50 
2.40 
2.40 
2.70 
2.70 
2.40 
2.30 
2.20 
2.20 
2.40 


No  readings  May  1  to  October  31. 

A  measurement  of  Hiwassee  River  at  Reliance,  Tennessee,  was  made 
by  Max  Hall,  October  25,  1899:  Gage  height,  2.60  feet;  discharge,  607 
second-feet. 


Febu 

Mar. 

Apr. 

Nov. 

Dec. 

4.80 

7.20 

9.40 

0.50 

1.00 

3.40 

5.90 

7.20 

.40 

.80 

8.10 

5.80 

6.10 

.40 

1.20 

10.00 

5.80 

6.40 

.40 

1.00 

21.00 

7.80 

7.90 

.40 

.80 

18.60 

8.90 

6.60 

.30 

.70 

22.40 

8.10 

6.80 

.80 

.70 

20.90 

7.50 

11.00 

.80 

.60 

16.50 

5.00 

7.80 

.80 

.60 

18.50 

4.50 

7.10 

.80 

.00 

8.90 

4.80 

6.00 

.80 

.60 

5.90 

4.00 

5.00 

.80 

8.00 

5.00 

8.90 

5.80 

.80 

7.00 

3.70 

5.70 

5.00 

.80 

2.90 

4.30 

24.20 

4.80 

.80 

2.10 

4.80 

27.80 

4.60 

.50 

1.80 

6.90 

20.00 

4.40 

.50 

1.40 

5.60 

14.40 

4.10 

.40 

1.80 

5.90 

24.00 

4.00 

.40 

1.30 

5.80 

27.60 

4.00 

.80 

1.80 

4.70 

19.90 

8.90 

.80 

2.00 

4.00 

16.60 

8.70 

.80 

l.oO 

4.60 

16.00 

3.60 

.70 

1.40 

4.20 

18.00 

4.50 

1.70 

8.20 

8.90 

8.70 

4.60 

1.00 

8.70 

3.70 

7.60 

6.00 

.90 

2.60 

7.60 

7.00 

4.50 

1.70 

2.00 

11.50 

7.50 

4.00 

1.50 

1.90 

10.60 

8.70 

1.20 

2.00 

8.60 

8.60 

1.00 

1.70 

8.00 

1.10 

TOCCOA  RIVER  AT  BLUERIDGB,  GEORGIA. 

This  stream  has  its  source  on  the  northern  slox)es  of  the  Bine  Ridge 
Mountains,  in  Greorgia,  and  flows  northwesterly  into  Hiwassee  River. 
The  area  is  covered  with  a  fine  growth  of  oak,  hickory,  and  other  hard 
woods,  and  is  mapped  on  the  £llijay  and  Dahlonega  atla^a  sheets.  The 
station,  established  by  B.  M.  Hall  on  November  25,  1898,  is  located  at 
the  Morganton  bridge,  about  4  miles  east  of  the  town  of  Blueridge, 
Georgia.     The  gage  is  a  14-foot  rod,  in  two  7-foot  sections,  nailed  to  ik 
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tree  on  the  right  bank  just  below  the  bridge.  It  is  graduated  to  feet 
and  tenths,  and  is  set  to  conform  to  l^ench  marks  which  were  estab- 
lished October  15,  1896,  and  October  26,  1898.  The  measurements 
during  1896  were  made  at  the  railroad  bridge  about  3  miles  below,  but 
are  referred  to  the  present  gage  by  comparison  of  the  bench  marks  at 
the  two  bridges.  The  bench  mark  at  Morganton  bridge  is  on  the  top 
of  the  bridge  floor,  on  the  downstream  side,  50  feet  from  the  initial 
X>oint,  and  is  18.00  feet  above  zero  of  gage.  This  bridge  is  a  wooden, 
queen-post,  open  bridge,  in  three  spans,  with  a  total  length  between 
abutments  of  153  feet.  The  width  of  the  river,  including  the  two 
piers,  at  ordinary  stages  is  143  feet  between  banks,  the  three  channels 
being  50,  38,  and  33  feet.  The  observer  is  M.  V.  Pressley,  a  mail 
carrier  who  crosses  the  bridge  twice  daily,  except  on  Sundays;  no 
readings  are  had  on  this  day,  but  figures  have  been  interpolated. 
The  following  measurements  were  made  by  B.  M.  Hall  and  Max  Hall 
during  1899: 

April  28,  gage  height,  8.50  feet;  discharge,  1.141  second-feet. 
June  16,  gage  height,  2.70  feet;  discharge,  522  second-feet. 
September  18,  gage  height,  1.93  feet;  discharge,  242  second-feet. 
October  24,  gage  height,  1.90  feet;  discharge,  222  second-feet. 

Daily  gage  height ^  in  feet^  of  Toccoa  River  at  Blueridge,  Georgia,  for  1899. 


Day. 


1 
2 
3 
4 

5 
6 

7 

8 

9 

10 

11 

va 

13 
14 
15 
1« 
17 
18 
19 
0) 

22 
23 
24 
26 

26 
27 
28 
29 
30 
31 


Jan.  i  Feb. 


3.10 
8.00 
2.90 
2.90 
2.10 
8.02 
3.04 
3.06 
8.10 
3.10 
3.20 
8.00 
3.00 
3.10 
3.10 
3.10 
3.20 
3.10 
8.00 
8.00 
2.10 
8.00 
3.80 
8.10 
8.20 
3.10 
2.10 
2.10 
2.09 
2.80 
4.00 


8.20 
8.20 
8.80 
6.410 
6.70 
8.90 
6.10 
5.60 
5.00 
4.00 
8.70 
3.80 
3.90 
4.00 
4.00 
4.10 
3.10 
3.80 
3.40 
8.60 
8.50 
3.60 
3.60 
3.40 
3.40 
4.00 
5.80 
4.90 


Mar. 


4.80 
4.00 
4.10 
4.10 
4.00 
4.00 
8.80 
8.70 
8.60 
3.10 
8.00 
8.60 


4. 
4. 

4. 
6. 
4. 


.00 
00 
90 
00 
40 
4.00 
4.60 
5.00 
4.80 
4.00 
6.00 
5.00 
4.60 
4.20 
4.00 
4.00 
4.00 
4.00 
4.80 


Apr. 


4.20 
3.60 
8.11 
4.60 
4.40 
8.90 


4. 
4. 
4. 

4. 


60 
80 
00 
00 
8.10 
8.90 
8.80 
8.70 
8.70 
8.60 
3.60 
8.60 
8.60 
3.60 
3.60 
8.60 
8.80 


4. 

5. 
4. 
4. 


00 
,30 
10 
60 
3.10 
8.00 
8.80 


May. 

June. 

8.70 

8.00 

8.60 

2.10 

3.60 

2.10 

3.40 

2.20 

8.10 

8.00 

8.60 

2.90 

8.40 

2.90 

3.20 

2.90 

3.20 

2.70 

3.10 

2.70 

3.00 

2.70 

8.00 

8.40 

3.00 

3.20 

3.a» 

3.00 

8.00 

2.10 

8.00 

2.70 

3.00 

2.60 

8.00 

2.60 

3.30 

2.60 

8.0O 

2.60 

8.20 

2.60 

8.20 

2.46 

8.10 

2.60 

8.10 

2.10 

8.10 

2.40 

3.10 

2.70 

3.10 

2.90 

3.00 

2.86 

8.00 

2.70 

3.10 

2.60 

8.11 

2. 
2. 

2. 
2. 


July. 


2.60 
2.46 
2.40 
2.40 
2.60 
2.80 
70 
80 
76 
76 
2.70 
2.70 
2.80 
2.70 
2.60 
2.40 
2.40 
2.80 
2.70 
2.70 
2.80 
2.80 
2.60 
2.60 
2.80 
2.80 
8.90 
8.60 
2.80 
2.80 
2.80 


Aug. 

Sept. 

Oct. 

2.60 

2.80 

2.00 

2.00 

2.40 

2.00 

2.60 

2.40 

1.90 

2.60 

2.60 

1.90 

2.50 

2.40 

1.90 

2.60 

2.40 

2.00 

2.60 

2.80 

8.00 

2.40 

2.80 

2.80 

2.80 

2.80 

2.60 

2.80 

2.50 

2.80 

2.80 

2.60 

2.10 

2.60 

2.60 

2.00 

8.40 

2.80 

2.00 

8.40 

2.80 

2.00 

3.40 

2.20 

2.00 

3.20 

2.20 

2.00 

2.40 

2.10 

2.00 

2.40 

2.80 

2.00 

2.40 

2.80 

2.00 

2.20 

2.00 

2.00 

2.20 

2.00 

2.00 

2.20 

2.00 

2.00 

2.80 

2.00 

2.00 

2.20 

2.00 

2.00 

2.81) 

2.00 

2.00 

2.20 

2.00 

2.00 

2.40 

2.00 

2.00 

2.00 

2.00 

2.00 

2.60 

2.00 

2.20 

2.60 

2.00 

2.40 

2.70 

2.2U 

Nov. 


2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.tX) 
2.00 
2.00 
2.00 
2.00 
2.80 
2.00 
2.80 
8.20 
3.10 


Dec 


2w40 
S.di 
2.10 
2.10 
2.10 
2.00 
2LO0 
&0D 
2.00 
2.50 

aao 
a.  50 
a.  30 

2.90 
2.80 
2.50 
2.40 

2.ao 
2.eo 

2.00 
2.50 
2.40 
2.50 


TENNESSEE   RIVER  AT  KNOX VILLE,  TENNESSEE. 

This  river  is  formed  by  the  junction  of  French  Broad  and  Holston 
rivers  4  miles  above  Knoxville.  The  drainage  basin  is  mapped  on 
Knoxville,  Maynardsville,  Morristown,  Jonesville,  Estillville,  Bristol, 
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Abingdon,  Tazewell,  Pocahontas,  Greenville,  Asheville,  Roan  Moun- 
tain, Cranberry,  Mount  Guyot,  Mount  Mitchell,  Morganton,  Saluda, 
Pisgah,  Cowee,  and  Wytheville  atlas  sheets.  The  station  was  origi- 
nally established  by  the  United  States  Weather  Bureau,  and  was  lo- 
cated at  the  old  county  highway  bridge  at  Knoxville,  which  has  lately 
been  torn  down.  The  new  gage  is  situated  at  the  Augusta  and  Knox- 
ville Railroad  bridge.  The  datum  of  the  new  gage  is  0.6  of  a  foot 
higher  than  that  of  the  old  one,  so  that  this  amount  has  to  be  added 
to  the  new  readings  to  make  them  conform  to  the  old  standard.  This 
correction  has  been  applied  to  the  published  heights  of  the  Weather 
Bureau  and  of  this  Survey,  both  in  the  table  of  gage  heights  and  in 
the  list  of  discharge  measurements.  Measurements  of  discharge  are 
made  at  the  Cherokee  highway  bridge  2^  miles  below  the  gage,  as 
there  is  at  that  point  a  better  section  for  meter  measurements.  This 
bridge  is  a  three-span  iron  bridge,  and  the  width  of  water  surface 
at  low  stages  undei'lt  is  550  feet.  The  bridge  is  about  80  feet  above 
low  water.  The  following  measurements  were  made  by  Max  Hall 
during  1899: 

May  4,  gage  height,  1.90  feet;  discharge,  12,810  second-feet. 
May  35,  gage  height,  1.70  feet;  discharge,  10,184  second-feet. 
September  16,  gage  height,  0.10  foot;  discharge,  3,912  second-feet. 
October  26,  gage  height,— 0.60  foot;  discharge,  2,728  second- feet. 

Daily  gage  height ^  in  feet,  of  Tennessee  River  at  Knoxville,  Tennessee,  for  1899, 

1 
Dec   : 


Day. 

Jan. 

Feb. 

Mar. 

At)r. 

May. 
2.30 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

1 

ia) 

1.20 

9.20 

8.00 

1.60 

1.20 

1.00 

0.80 

-0.10 

-0.20 

3 

(a) 

1.20 

6.80 

6.60 

2.20 

1.10 

.90 

.80 

1.60 

-  .20 

-f  .40 

3 

(a) 

1.40 

6.40 

6.60 

2.00 

1.70 

.60 

.70 

1.40 

-  .30 

.50 

4 

(a) 

8.60 

14.00 

5.80 

2.00 

1.60 

.40 

.60 

.80 

-  .30 

.50 

5 

(a> 

16.70 

14.40 

8.20 

2.40 

1.40 

.20 

.40 

.60 

-  .40 

.50 

6 

(a) 

18.70 

19.20 

7.60 

2.00 

1.20 

.40 

.30 

.40 

-  .40 

.40 

7 

(a) 

22.60 

16.40 

6.00 

3.80 

1.10 

.30 

.20 

.30 

-  .50 

.80 

8 

(a) 

22.20 

9.00 

5.90 

4.40 

.90 

.30 

.20 

.30 

-  .30 

.10 

9 

(a) 

16.00 

6.70 

6.50 

5.40 

.90 

.40 

.20 

.30 

-  .20 

.00 

10 

(a) 

9.40 

6.10 

7.30 

5.20 

1.10 

.40 

.30 

.30 

-  .60 

.10  - 

11 

(a) 

6.U0 

6.10 

6.20 

4.40 

1.30 

.40 

.80 

.40 

+  .80 

-  .20 

Vi 

(a) 

5.0O 

4.60 

5.20 

4.(J0 

1.40 

.50 

.70 

.70 

.70 

-  .20 

13 

(a) 

4.20 

4.20 

4.80 

4.30 

1.70 

.30 

.80 

.60 

.40 

-.30 

U 

(a) 

3.60 

3.90 

4.50 

4.40 

3.00 

.20 

.80 

.40 

.30 

—  .30 

15 

(a) 

2.00 

11.50 

4.00 

4.80 

3.10 

.10 

.60 

.30 

.20 

-  .40 

16 

Ka) 

2.40 

20.40 

3.80 

4.80 

8.70 

.00 

.60 

.20 

.10 

—  .50 

17 

2.40 

'3.40 

17.40 

3.50 

3.00 

2.40 

.00 

.50 

.10 

.00 

-  .50 

18 

2.50 

7.00 

11.00 

3.20 

2.40 

2.00 

.10 

.30 

.00 

-  .10 

-  .60 

19 

2.40 

6.60 

18.00 

2.90 

2.20 

1.60 

.20 

.20 

-  .10 

-  .10 

.60 

20 

2.20 

6.70 

28.00 

2.80 

2.10 

1.40 

.40 

.10 

.00 

-  .20 

—  .60 

21 

2.10 

4.80 

25.40 

2.60 

1.90 

1.20 

.40 

.00 

.20 

-  .20 

-  .70 

22 

1.80 

4.30 

13.60 

2.50 

1.80 

1.00 

.40 

.10 

.50 

-  .30 

—  .70 

28 

1.00 

4.40 

10.10 

2.30 

1.80 

.90 

.30 

.20 

.40 

-  .30 

-  .70 

24 

1.50 

4.40 

7.80 

2.20 

1.70 

.70 

.20 

.30 

.20 

-  .40 

-  .60 

25 

1.50 

3.90 

7.00 

2.40 

1.70 

.80 

.30 

.40 

.00 

-  .50 

-  .50 

28 

1.80 

3.50 

6.50 

2.60 

1.60 

1.20 

.30 

.40 

.00 

-  .50 

-  .50 

27 

1.60 

5.20 

7.60 

3.00 

1.40 

l.CO 

1.40 

.50 

.20 

-  .60 

-  .40 

28 

1.50 

9.40 

9.20 

2.70 

1.30 

1.10 

1.30 

.60 

.20 

—  .60 

-  .20 

29 

1.30 

• 

12.20 

2.60 

1.20 

1.60 

2.10 

.60 

.10 

-  .60 

4-  .20 

30 

1.20 

12.10 

2.50 

1.20 

1.40 

2.60 

.00 

.00 

-  .40 

.30 

31 

1.20 

10.40 

1.30 

1.40 

.00 

.40 

0.80 
.30 
.30 
.40 
.30 
.:)0 
.10 
.10 
.00 

-  .10 

-  .20 
.00 

4.60 
5.30 
4.90 
3.80 
2.60 
1.90 
1.80 
1.80 
1.60 
1.90 
1.80 
2.10 
8.40 
3.70 
3.20 
2.50 
2.20 
1.70 
1.70 


a  January  1  to  16,  no  readings;  gage  obstructed  by  false  work  of  new  bridge. 

Clinch  River,  a  tributary  of  Tennessee  River,  wutS  measured  at 
Clinton,  Tennessee,  on  May  5,  at  a  gage  height  of  7,55  feet,  and 
showed  a  discharge  of  5,220  second-feet. 
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TENNESSEE  RIVER  AT  CHATTANOOGA,  TENNESSEE. 

This  river,  after  passing  Chattanooga,  enters  Alabama.  It  then 
makes  a  bend  to  the  west  and  later  to  the  north,  returning  to  Ten- 
nessee. Flowing  through  this  State  and  Kentucky,  it  empties  into 
the  Ohio  50  miles  above  Cairo.  In  1879  a  gage  was  established  at 
Chattanooga,  Tennessee,  at  the  foot  of  Lookout  street,  just  below 
Chattanooga  Island,  by  the  Signal  Corps  of  the  United  States  Army, 
which  has  been  in  charge  of  the  Weathet  Bureau  since  July  1,  1891. 
The  drainage  area  above  this  station  is  21,382  square  miles,  and  is 
mapped  on  Morristown,  Greenville,  Roan  Mountain,  London,  Knox- 
ville.  Mount  Guyot,  Asheville,  Murphy,  BricevlUe,  Standingstone, 
Wartburg,  Pikeville,  Mayhardville,  Cumberland  Gap,  Jonesville, 
Estillville,  Bristol,  Whitesburg,  Grundy,  Abingdon,  Tazewell,  Poca- 
hontas, Wythe  ville,  Cranberry,  Morgan  ton,  Mount  Mitchell,  Saluda, 
Pisgah,  Como,  Nantahala,  Walhalla,  Dahlonegft,  EUijay,  Dalton, 
Cleveland,  Ringgold,  Kingston,  and  Chattanooga  atlas  sheets.  The 
gage  is  on  an  inclined  railroad  iroB  for  about  20  feet  of  its  lower 
portion.  Above  this  it  is  a  vertical  rod  bolted  to  the  rock  bluff  form- 
ing the  river  bank.  The  zero  of  the  gage  is  630.64  feet  above  sea 
level.  Measurements  are  made  from  the  Hamilton  County  steel  high- 
way bridge  at  the  foot  of  Walnut  street,  a  short  distance  below  the 
gage.  Gage  heights  are  obtained  from  L.  M.  Prindell,  United  States 
Weather  Bureau  observer.  Recortis  of  measurement  may  be  found 
as  follows:  1890  to  1895,  Eighteenth  Annual  Report,  Part  IV,  page 
120;  1896-97,  Nineteenth  Annual  Report,  Part  IV,  page  261;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  210.  The  following  meas- 
urements were  made  by  Max  Hall  and  others  during  1899: 

May  8,  gage  height,  6.71  feet;  discharge,  37,770  second-feet. 
May  26,  gage  height,  4.76  feet;  discharge,  25,526  second-feet. 
June  21,  gage  height,  4.15  feet;  discharge,  21,891  second-feet. 
September  15,  gage  height,  1.90  feet;  discharge,  10,819  seoond-feet. 
October  27,  gage  height,  0.80  foot;  discharge,  6,566  second-feet. 

East  Chiekamauga  Creek,  a  tributary  of  the  Tennessee,  was  meas- 
ured at  Anderson  upper  ford,  3  miles  from  Ringgold,  Georgia,  October 
26,  and  gave  a  discharge  of  35  second-feet. 
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Daily  gage  height,  in  feet,  of  Tennessee  River  at  Chattanooga,  Tennessee,  for  1899, 


Day. 
1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept. 

Oct. 

Nov. 

X^vCa 

4.75 

6.70 

19.25 

22.80 

7.60 

4.16 

8.45 

4.20 

2.20 

1.20 

1.10 

1.70 

3 

4.95 

5.65 

17.60 

19.60 

7.10 

4.25 

8. 80 

8.66 

2.86 

1.10 

1.10 

1.70 

3... 

5.30 

6.60 

16.16 

14.90 

6.70 

4.40 

3.05 

3.06 

2.80 

1.06 

1.05 

1.70 

4... 

5.  HO 

10.70 

14.16 

12.96 

6.89 

4.86 

2.80 

2.75 

3.06 

.96 

1.10 

1.70 

6... 

5.95 

23.10 

17.96 

13.25 

6.16 

4.65 

2.60 

2.46 

2.65 

.90 

1.60 

1.80 

6... 

7.25 

30.45 

24.50 

14.70 

7.10 

4.25 

2.60 

2.46 

r\25 

.80 

1.60 

1.70 

7.  . 

18. «) 

34.30 

28.55 

16.70 

8.60 

4.06 

2.65 

2.40 

1.96 

.85 

1.60 

1.60 

8-... 

18.40 

36.96 

27.60 

18.05 

9.35 

8.76 

8.05 

2.40 

1.80 

1.00 

1.46 

1.60 

9    .- 

17.:i5 

38.25 

27.70 

17.76 

10.00 

3.66 

2.90 

2.25 

1.60 

1.16 

1.85 

1.40 

10... 

17. 15 

36.75 

16.15 

15.70 

10.70 

8.40 

2.00 

2.10 

1.80 

1.60 

1.20 

1.40 

11 

13.85 

30.30 

11.  a5 

14.20 

11.15 

8.90 

2.65 

2.10 

1.70 

1.80 

1.15 

1.60 

13.... 

10.50 

19.35 

10.60 

12.90 

10.40 

4.80 

2.45 

8.00 

2.00 

1.86 

1.10 

6.20 

13    ... 

9.15 

12.15 

9.55 

11.65 

9.60 

6.25 

2.80 

2.00 

1.80 

1.70 

1.00 

6.46 

14    ... 

8.10 

9.60 

11.20 

10.70 

9.30 

5.80 

2.20 

2.25 

2.00 

1.65 

1.00 

7.40 

1    15..-- 

.7.55 

8.50 

24.55 

10.00 

9.55 

6.46 

2.15 

2.65 

1.86 

1.40 

1.00 

7.16 

.    18 

7.30 

7.55 

34.25 

9.40 

9.20 

6.10 

1.95 

2.66 

i.66 

1.25 

1.00 

6.20 

■    17..- 

7.40 

7.95 

36.90 

8.75 

8.70 

6.40 

1.90 

2.40 

1.46 

1.16 

1.0») 

5.20 

18-.-. 

7.45 

9.66 

36. 15 

8.40 

7.75 

6.20 

1.80 

2.30 

1.85 

1.15 

1.00 

4.25 

19.... 

7.25 

11.30 

35.85 

8.00 

6.90 

5.25 

1.90 

2.15 

1.20 

1.10 

1.00 

3.86 

20 

7.00 

12.65 

37.05 

7.65 

6.40 

4.70 

2.05 

1.90 

1.06 

1.10 

.05 

4.25 

21 

6.8<» 

11.50 

39.20 

7.36 

6.90 

4.20 

2.05 

1.70 

i.a) 

1.10 

.86 

4.40 

22 

«.4.'> 

10.65 

40.00 

7.06 

5.60 

8.76 

2.40 

1.60 

1.06 

I.IO 

.86 

4.40 

23 

5.90 

10.10 

38.70 

7.86 

6.36 

3.50 

2.70 

1.45 

1.80 

1.05 

1.00 

4.16 

24 

5.05 

9.75 

32.70 

9.65 

6.30 

3.25 

3.50 

1.30 

1.50 

1.00 

1.16 

5.65 

25 

6.05 

9.50 

23.15 

9.35 

6.06 

3.15 

3.40 

1.20 

1.60 

.06 

1.80 

6.15 

26 

o.;« 

9.20 

16.30 

10.76 

4.80 

3.00 

3.00 

1.20 

1.45 

.85 

1.70 

6.80 

27 

6.85 

13.20 

13.66 

10.30 

4.66 

3.25 

8.05 

1.20 

1.80 

.80 

1.80 

6.86 

28 

6.75 

18.46 

13.96 

9.20 

4.40 

3.65 

3.65 

1.25 

1.20 

.80 

1.86 

6.65 

29 

5.55 

17.30 

8.36 

4.80 

3.50 

4.26 

1.50 

1.25 

.90 

1.80 

6.10 

30 

6.30 

21.20 

7.76 

4.20 

3.80 

4.26 

1.85 

1.80 

1.00 

1.76 

4.66 

31 

5.30 

22.80 

4.25 

5.16 

1.75 

1.06 

3.66 

OLENTANGY  RIVER  AT  COLUMBUS,   OHIO. 

This  river  rises  in  the  north-central  part  of  Ohio  and  flows  in  a 
southerly  direction  into  the  Scioto  at  Columbus.  Its  watershed  is  in 
general  flat  and  for  the  most  part  cultivated.  Systematic  measure- 
ments were  begun  in  Columbus  on  November  22,  1898,  when  the  sta- 
tion at  the  Fifth  avenue  bridge  was  established  bj'^  H.  A.  Pressey, 
Prof.  C.  N.  Brown,  and  B.  H.  Flynn.  The  gagings  are  made  on  the 
upstream  side  of  the  bridge,  the  initial  point  being  on  the  left  bank. 
A  wooden  post,  graduated  to  feet  and  tenths,  was  driven  in  the  bed 
of  the  stream  near  the  bridge  as  a  gage,  and  refen-ed  to  a  scale  cut  in 
the  face  of  the  left  abutment,  from  which  high-water  readings  can  be 
taken  directly.  The  observations  of  river  heights  are  made  under 
the  direction  of  Prof.  C.  N.  Brown,  of  the  Ohio  State  University. 
The  students  in  civil  engineering  have  for  the  last  two  years  studied 
the  rainfall  and  run-off  of  the  basin  of  the  Olentangy  and  Scioto 
rivers.  A  description  of  the  watershed  and  the  results  of  observa- 
tions may  be  found  in  the  Twentieth  Annual  Report,  Part  IV,  page 
215.     The  following  measurements  were  made  during  1899: 

Measurements  of  Olentangy  River  at  Columbus,  Ohio, 


Date. 


1899. 

Jan.  6 

Jan.  16 

Mar.l6 

Mar.  16 

Mar.  20 

Mar.:S 

Mar.  24 

Do 


Gajje 

Dis- 

height. 

charge. 

Feet. 

Sec-feet. 
6,835 

6.71 

7.90 

9,286 

1.87 

887 

1.97 

477 

3.58 

2,866 

2.95 

1,480 

4.54 

3.174 

4.21 

2,910 

Date. 


^     1899 

Mar.  25 

Mar.  27 

Mar.  31 

Apr.  6 

Apr.  17 

Apr.  22 

Sept.  16 


Gage 
height. 


Dis- 
charge. 


Feet. 
8.25 
8.16 
8.67 
1.70 
1.45 
1.83 
0.90 


Sec-feet. 

1,717 

1.646 

2,221 

326 

180 

126 

6 
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Daily  gage  height^  infeet,  of  Olentangy  River  at  ColumbuSf  Ohio,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dea  j 

1 

1.95 

1.66 

2.66 

8.76 

1.24 

2.20 

1.16 

1.20 

1.10 

1.00 

1.10 

1.10 

2 

1.70 

1.65 

2.65 

2.80 

1.28 

2.60 

1.10 

1.20 

1.10 

1.00 

1.10 

LIO 

8...  . 

2.10 

1.66 

2.67 

2.24 

1.19 

8.00 

1.10 

1.20 

1.10 

1. 00 

1.16 

1.20 

4 

1.94 

1.66 

2.90 

1.96 

1.27 

2.66 

1.10 

1.40 

MO 

1.00 

1.20 

1.20 

6 

5.58 

1.66 

4.87 

1.82 

1.27 

2.00 

1.10 

1.50 

1.10 

1.00 

1.20 

1.20 

6 

6.17 

1.66 

4.26 

1.78 

1.17 

1.75 

1.10 

8.10 

1. 10 

1.00 

1.20 

1.20 

7 

8.60 

1.66 

8.00 

1.70 

1.60 

1.86 

1.10 

2.45 

1.10 

1.00 

1.20 

1.20 

8 

2.57 

1.65 

2.14 

2.00 

1.56 

1.66 

1.10 

2.10 

1.10 

1.00 

1.20 

1.20 

9 

2.18 

1.66 

2.07 

2.45 

1.88 

1.46 

1.10 

1.75 

1.10 

1.00 

1.20 

1.20 

10 

2.06 

1.56 

2.07 

2.46 

1.28 

1.60 

1.10 

1.45 

100 

1.00 

1.20 
1.10 

1.20 

11 

1.87 

1.65 

2.82 

2.05 

1.84 

1.40 

1.10 

1.40 

1.00 

1.00 

1.20 

12 

1.77 

1.55 

2.80 

1.88 

1.18 

1.40 

1.10 

1.85 

1.00 

1.00 

1.10 

1.55 

18 

1.90 

1.66 

2.67 

1.72 

1.27 

1.80 

1.10 

1.30 

1.00 

1.00 

1.10  J 

1.90 

14 

8.45 

1.66 

2.20 

1.76 

1.20 

1.80 

1.15 

1.26 

1.00 

1.00 

1.20" 

1.90 

15 

8.20 

1.56 

1.90 

1.66 

1.20 

1.80 

1.10 

1.20 

1.00 

1.00 

1.20 

1.50 

16 

5.90 

1.65 

1.88 

1.55 

1.20 

1.20 

1.80 

1.20 

1.00 

1.00 

1.20 

1.45 

17 

4.07 

1.66 

1.98 

1.48 

1.14 

1.20 

1.85 

1.20 

1.00 

1.00 

1.20 

1.60 

18 

2.98 

1.65 

1.87 

1.42 

1.17 

1.80 

1.80 

1.20 

1.00 

1.00 

1.20 

1.50 

19 

2.53 

2.22 

8.42 

1.40 

1.27 

1.26 

1.40 

1.20 

1.00 

1.00 

1.20 

1.90 

20 

2.10 

2.17 

8.66 

1.86 

1.20 

1.25 

1.55 

1.10 

1.00 

1.00 

1.20 

aao 

21 

1.98 

1.87 

3.04 

1.35 

1.25 

1.30 

1.46 

1.10 

1.00 

1.00 

1.20 

2.75 

22 

1.88 

2.88 

2.80 

1.83 

1.30 

1.46 

1.80 

1.10 

1.00 

1.00- 

1.20 

2.20 

23 

1.80 

8.92 

6.19 

1.29 

1.40 

2.36 

130 

1.10 

1.00 

1.00 

1.20 

1.8SL 

24 

1.80 

i.87 

4.43 

1.80 

1.25 

1.90 

1.25 

1.10 

1.00 

1.00 

1.20 

1.80 

25 

1.87 

1.88 

8.38 

1.81 

1.20 

1.66 

1.40 

1.10 

1.00 

1.00 

1.20 

1.80 

28...  . 

1.80 

1.87 

3.67 

1.27 

1.20 

1.46 

1.50 

1.10 

1.00 

1.00 

1.20 

1.80 

27 

1.78 

8.97 

8.48 

1.81 

1.26 

1.26 

1.30 

1.10 

1.00 

1.00 

1.20 

1.80 

28 

1.66 

8.62 

8.64 

1.45 

1.25 

1.20 

1.30 

1.10 

1.00 

1.06 

1.20 

1.80 

29 

1.55 

8.73 

1.85 

1.86 

1.20 

1.20 

1.10 

1.00 

1.10 

1.16 

1.80 

80 

1.55 

8.12 

1.80 

1.60 

1.20 

1.20 

1.10 

1.00 

1.10 

1.10 

1.80 

31 

1.87 

3.64 

1.95 



1.20 

1.10 



1.10 

1.80   ' 

SCIOTO  RIVER  AT  COLUMBUS,   OHIO. 

This  river  drains  the  central  portion  of  the  State  of  Ohio,  and  flows 
in  a  general  southerly  direction  into  Ohio  River  near  the  city  of 
Portsmouth.  Its  watershed  is  flat  and  highly  cultivated  above  Colum- 
bus, while  in  the  southern  part  it  is  hilly,  with  comparatively  little 
cultivation.  A  description  of  the  watershed  and  results  of  measure- 
ments may  be  found  in  the  Twentieth  Annual  Report,  Part  IV,  pa^e 
212.  Sj'stematic  measurements  were  begun  at  Columbus  November 
22, 1898,  when  a  station  was  established  by  H.  A.  Pressey,  Prof.  C.  N. 
Brown,  and  B.  H.  Flynn.  It  is  located  at  the  Grandview  avenue 
bridge  in  Columbus.  The  wire  gage  is  located  on  the  upstream  side 
of  the  bridge,  and  is  referred  to  a  scale  cut  in  the  face  of  the  left 
abutment,  from  which  high-water  readings  can  be  taken  directly. 
The  river  bed  at  the  station  is  rocky.  The  banks  are  naturally  low, 
but  levees  have  been  built  on  each  side  in  order  to  prevent  overflow; 
high  water  seldom  reaches  the  top  of  the  levefes,  but  occasionally  they 
are  overflowed.  The  following  measurements  were  made  under  the 
direction  of  Prof.  C.  N.  Brown  during  1899: 
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Measurements  of  Scioto  River  at  Columbus^  Ohio. 


1899 

Jan.  15 

Jan.  20 

Map.6 

Mar.  8 

Mar.9 

Mar.l7..    .. 

Mar.20 

Mar.23 

Mar.24 

Do 


Gacre 
height. 

Feet. 

19.60 

13.00 

16.60 

13.85 

12.89 

11.61 

14.06 

14.80 

16.00 

14.67 

14.68 

8ee.-feet. 
13.806 
2,291 
6,867 
2,467 
1,996 
942 
8,271 
8,905 
4,626 
4.060 
3,919 


1809 

Mar.  27 

Mar.29 

Apr.  6 

Apr.  8 

Apr.  14 

Apr.  16 

Apr.  18 

Apr.22 

Apr.  26 

Sept.  16 


Gae<3 
height. 

Dis- 
charge. 

Feet. 

Sec-feet . 

14.05 

8,879 

14.66 

8.894 

11.76 

962 

11.94 

1,116 

11.30 

668 

11.02 

631 

10.72 

841 

9.90 

236 

9.80 

206 

9.10 

28 

Daily  gage  height,  in 

feet,  of  Sci( 

>to  Ri 

v*er  at 
July. 

Columbus,  Ohio,  for  1890, 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

11.25 

10.65 

18.80 

14.15 

9.60 

10.35 

9.10 

9.60 

9.10 

9.05 

9.46 

9.4o 

2 

11.30 

10.80 

18.60 

13.30 

9.76 

10.35 

9.00 

9.40 

9.10 

9.20 

9.85 

9.40 

8 

10.96 

10.50 

r.\.  15 

12.70 

9.85 

10.70 

9.10 

9.40 

9.00 

9.25 

9.80 

9.40 

4 

11.60 

10.45 

13.66 

12.10 

9.80 

10.90 

9.10 

9.80 

9.00 

9.20 

9.85 

9.35 

6 

16.00 

10.35 

15.85 

11.75 

9.70 

10.40 

9.10 

9.35 

9.00 

9.20 

9.40 

9.80 

6 

16.75 

10.40 

15.65 

11.60 

9.65 

10.20 

9.10 

12.70 

9.00 

9.10 

9.85 

9.30 

7 

14.25 

10.40 

14.56 

11.40 

9.60 

10.00 

9.60 

11.96 

9.00 

9.00 

9.40 

9.40 

8 

13.50 

10.36 

13.60 

11.95 

986 

9.70 

9.30 

11.10 

9.00 

9.00 

9.80 

9.30 

9 

18.25 

10.30 

18.00 

12.25 

9.75 

9.70 

9.06 

10.65 

9.00 

9.00 

9.25 

9.30 

10 

12.25 

10.30 

12.66 

12.16 

9.70 

9.65 

8.90 

10.20 

9.00 

9.05 

9.25 

9.30 

11 

11.46 

10.40 

12.80 

11.85 

9.70 

9.56 

8.90 

9.95 

9.00 

9.10 

9.85 

9.85 

12 

11.20 

10.40 

18.06 

11.66 

9.76 

9.45 

9.00 

9.75 

9.00 

9.10 

9.25 

9.50 

13 

11.70 

10.80 

12.90 

11.35 

9.80 

9.40 

9.00 

9.66 

9.00 

9.10 

9.15 

9.65 

14 

20.30 

10.30 

12.45 

11.30 

9.70 

9.40 

9.80 

9.45 

8.95 

9.10 

9.30 

10.10 

16 

19.66 

10.80 

11.95 

11.16 

9.60 

9.  SO 

9.35 

9.85 

8.95 

9.10 

9.25 

10.00 

16 

17.85 

10.25 

11.85 

10.95 

9.60 

9.40 

9.50 

9.30 

9.00 

9.10 

9.20 

9.90 

17 

16.80 

10.20 

11.65 

10.86 

9.60 

9.30 

9.75 

9.80 

9.05 

9.10 

9.80 

9.80 

18 

16.40 

10.80 

12.25 

10.70 

9.65 

9.25 

9.05 

9.20 

9.10 

9.16 

9.30 

9.80 

19 

14.05 

11.10 

14.30 

10.70 

9.60 

9.20 

9.85 

9.20 

9.00 

9.16 

9.80 

9.05 

20 

13.10 

11.25 

14.10 

10.60 

9.60 

9.25 

9.90 

9.20 

8.90 

9.16 

9.30 

11.55 

21 

12.65 

11.40 

18.95 

10.16 

9.60 

9.20 

9.90 

9.20 

8.96 

9.10 

9.35 

11.80 

2Z 

11.96 

12.60 

14.20 

9.75 

9.70 

9.20 

9.66 

9.10 

«).05 

9.10 

9.45 

11.20 

28 

11.66 

18.46 

16.40 

9.86 

9.66 

9.20 

9.60 

9.10 

9.05 

9.10 

9.30 

10.85 

24 

11.  SO 

12.60 

14.95 

9.80 

9.66 

9.20 

9.60 

9.00 

9.05 

9.10 

9.25 

10.55 

25 

11.55 

12.26 

14.60 

9.80 

9.60 

9.15 

10.85 

9.10 

9.00 

9.10 

9.25 

10.30 

26 

11.40 

12.85 

16.46 

9.85 

9.40 

9.10 

9.76 

9.10 

9.00 

9.10 

9.a5 

10.25 

27 

11.10 

15.16. 

14.25 

9.80 

9.40 

9.16 

10.20 

9.10 

9.00 

0  10 

9.80 

10.16 

28 

10.66 

14.25' 

15.05 

9.75 

9.40 

9.10 

10.05 

9.10 

9.05 

9.25 

9.80 

10.10 

29.  ... 

10.80 

14.86 

9.70 

9.50 

9.10 

9.75 

9.10 

9,00 

9.40 

9.85 

10.10 

30 

11.00 

14.00 

9.70 

9.50 

9.10 

9.70 

9.10 

9.00 

9.40 

9.30 

9.95 

81 

11.05 

14.90 

9.76 

9.66 

9.10 

9.40 

9.90 

LAKE  SUPERIOR  OUTFLOW. 

In  December,  1895,  and  January,  1896,  the  United  States  engineers 
measured  the  outflow  of  Lake  Superior  under  each  of  the  spans  of  tlie 
iBternational  bridge.*  From  these  and  other  measurements  made  at 
Spry's  dock,  about  a  mile  below  the  rapids,  the  discharge  at  various 
stages  of  the  river  was  computed  as  shown  in  the  following  table : 

Discharge  of  St.  Marys  River  at  various  stages. 


Stage  of 
river. 

Discharge. 

Feet. 
600.6 
601.2 
602. 0 
603.0 

Second-feet. 
57,440 
67.810 
81,210 
99,770 

>  From  report  by  Alfred  Noble,  civil  engineer,  May  25, 1897,  in  Report  on  Gompenflating  Works, 
Michigan  Lake  Superior  Power  Company,  Saalt  Ste.  Marie,  Michigan,  September,  1899. 


178  OPERATIONS   AT   BIVER  STATIONS,  1899. — PART   11.        [ncM. 

It  i8  proposed  to  withdraw  from  St.  Marys  River  about  30,000  second- 
feet  by  a  canal  traversing  the  city  of  Sault  Ste.  Marie,  Michigan, 
pass  it  through  turbines  installed  below  the  Government  pier  and 
return  it  to  the  river.  The  turbine  shafts  are  to  be  coupled  directly 
to  electric  generators  which  are  to  develop  40,000  effective  horsepower. 
The  section  of  this  canal  in  rock  will  be  about  200  feet  wide  and  cnrry 
22  feet  of  flowing  water.  The  available  head  has  been  assumed  to  be 
19  feet,  and  from  this  a  little  less  than  3  feet  is  deducted  for  losses  by 
friction  and  other  causes,  leaving  an  effective  head  of  a  trifle  over  16 
feet,  as  given  by  the  rei)ort  of  Mr.  H.  von  Schon. 

The  above-described  measurements  were  made  by  Mr.  E.  E.  Haskell, 
assistant  engineer,  and  briefly  noted  in  the  annual  report  of  the  Chief 
of  Engineers,  United  States  Army,  1896,  page  4027.  In  the  next 
annual  report,  that  for  1897,  on  pages  4092  to  4104,  are  details  of 
measurements  made  by  Mr.  E.  E.  Haskell  during  February  and  March, 
1896.  The  discharge  section  was  in  the  reach  of  river  extending  from 
the  foot  of  St.  Marys  Rapids  to  the  head  of  Little  Rapids.  It  began 
at  the  foot  of  Spry's  dock  on  the  American  side  of  the  river  and  ended 
at  Plummer's  dock  on  the  Canadian  side.  The' total  water  width 
at  this  point  is  2,483  feet.  The  river  was  frozen  at  the  time  of  making 
observations,  and  the  section  was  sounded  and  current  observations 
made  through  the  ice.  At  this  time  the  attempt  was  made  to  measure 
low  velocities  by  means  of  a  hydrometric  pendulum,  but  the  results 
obtained  with  this  instrument  were  not  satisfactory.  It  was  found 
that  the  friction  caused  by  the  ice  was  practically  31  per  cent  of  that 
caused  by  the  bottom.  The  discharges  as  measured  varied  from 
60,470  to  77,290  second-feet. 

In  addition  to  the  measurements  of  the  outflow  of  Lake  Superior 
similar  work  has  been  done  on  the  St.  Clair  and  Niaigani  rivers,  results 
of  which  are  to  appear  in  the  annual  report  of  the  Chief  of  Engineers 
for  the  year  ending  June  30,  1900.  Investigations  of  Detroit  and  St. 
Lawrence  rivers  and  additional  details  concerning  St.  Marys  River  are 
being  obtained  for  publication  a  year  later. 

MAUMEE  RIVER  AT  WATERVILLE,   OHIO. 

Maumee  River  is  formed  by  the  junction  of  St.  Joseph  and  St. 
Marys  rivers  near  Fort  Wayne,  Indiana,  and  flows  in  a  northeasterly 
direction  through  Ohio,  emptying  into  Lake  Erie  at  Toledo.  Tlie 
southern  part  of  the  watershed  is  flat,  the  northern  part  being  gently 
rolling  and  hilly  in  places.  Formerly  the  hilly  section  was  covenMl 
with  timber,  all  of  the  best  of  which  has  been  cut,  leaving  a  section  of 
scrub  timber,  with  occasional  farms  cleared  and  cultivated.  At  the 
station  the  bed  of  the  stream  is  rocky  and  the  current  sluggish,  the  fall 
being  only  1.1  feet  jjer  mile  on  an  average.  Two  dams  have  been  built 
on  the  Maumee— one  at  Defiance,  to  supply  water  for  the  Ohio  State 
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canals,  and  one  at  Grand  Rapids  for  furnishing  water  power.  A  sta- 
tion was  established  on  this  river  by  H.  A.  Pressey  and  B.  H.  Fljran 
November  19,  1898.  It  is  located  at  the  highway  bridge  near  Water- 
viUe,  the  gagings  being  made  on  the  downstream  side  of  the  bridge. 
Zero  of  gage  is  on  the  left  bank,  marked  by  a  nail  in  the  guard  rail. 
The  wire  gage  is  referred  to  a  bench  mark  cut  in  the  upstream  side  of 
the  abutment  on  the  left  bank  of  the  river.  The  elevation  is  25.2  feet 
above  gage  datum.  This  is  the  lowest  place  on  the  river  at  which 
gagings  can  be  made  without  being  affected  by  backwater  from  the 
lake.  The  observer  is  J.  E.  Harper,  station  agent  at  Waterville,  Ohio. 
Two  measurements  of  discharge  were  made  by  B.  H.  Flynn  and  H.  A. 
Pressey  during  1899,  as  follows:  The  first,  on  March  3,  at  a  gage  height 
of  6.18  feet,  gave  a  discharge  of  15,490  second-feet;  the  second,  on 
September  25,  at  a  gage  height  of  2.15  feet,  gave  a  discharge  of  125 
second-feet. 


Daily  gage  height,  in  feet,  of  Maumee  River  at  Waterville^  Ohio,  for  1899, 


D*y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

An^ 

Sept. 

Oct. 

Nov. 

X<^OC«     1 

1 

4.86 

3.00 

7.60 

5.70 

3.00 

3.06 

2.10 

2.25 

2.40 

2.00 

2.35 

2.30 

2 

4.36 

3.16 

7.70 

5.25 

2.96 

3.00 

2.10 

2.85 

2.46 

2.00 

2.46 

2.20 

3 

4.06 

3.86 

6.10 

6.50 

8.00 

3.00 

2.05 

2.35 

2.46 

2.00 

2.50 

2.20 

4 

4.30 

3.36 

6.86 

6.20 

2.86 

3.16 

2.U5 

2.35 

2.40 

2.00 

2.40 

2.15 

6...., 

5.16 

3.46 

0.76 

5.25 

2.80 

3.25 

1.95 

2.25 

2.55 

2.00 

2.40 

2.10 

6....? 

5.70 

2.76 

6.86 

6.10 

2.80 

3.10 

2.05 

3.56 

2.70 

2.00 

2.35 

2.10 

7...- 

5.60 

3.20 

6.66 

4.00 

2.80 

8.20 

2.05 

4.05 

2.65 

2.00 

2.45 

2.05 

8 

5.16 

3.80 

5.60 

4.90 

2.96 

3.10 

2.10 

3.76 

2.55 

2.00 

2.60 

2.00 

9 

4.40 

8.80 

6.10 

4.80 

3.15 

3.00 

2.05 

3.70 

2.50 

2.10 

2.90 

2.00 

10 

4.46 

3.80 

4.80 

4.70 

3.25 

2.95 

2.10 

3.60 

2.40 

2.10 

2.90 

2.00 

11 

4.46 

3.80 

6.36 

4.56 

3.05 

2.95 

1.90 

8.00 

2.35 

2.00 

2.86 

2.10 

12 

4.10 

3.80 

7.00 

4.30 

2.96 

2.95 

2.00 

8.60 

2.30 

2.00 

2.90 

2.20 

13 

3.80 

3.80 

8.70 

4.20 

2.76 

2.85 

2.05 

8.60 

2.25 

2.00 

2.76 

2.26 

U 

6.00 

3.80 

7.75 

4.20 

3.05 

2.80 

1.90 

3.40 

2.20 

2.00 

2.75 

2.30 

16 

8.60 

3.80 

6.05 

4.10 

8.86 

2.55 

1.85 

3.40 

2.15 

1.90 

2.60 

2.40 

1«..  .. 

9.50 

3.80 

6.30 

3.20 

3.80 

2.60 

1.80 

3.06 

2.10 

1.90 

2.60 

2.45 

17 

0.66 

3.80 

6.90 

8.75 

3.80 

2.40 

1.86 

2.80 

2.10 

1.96 

2.35 

2.60 

18 

8.80 

3.80 

6.96 

3.66 

8.16 

2.35 

2.06 

2.55 

2.00 

2.10 

2.25 

2.76 

19 

7.86 

3.60 

7.36 

3.46 

3.25 

2.40 

2.40 

2.30 

2.00 

2.15 

2.20 

3.06 

20 

6.66 

2.96 

9.25 

3.60 

3.85 

2.30 

2.80 

2.20 

2.00 

2.20 

2.20 

3.90 

21 

6.66 

8.00 

9.50 

3.16 

3.15 

2.16 

2.75 

2.20 

2.00 

2.20 

2.15 

4.60 

22 

4.90 

4.06 

8.90 

3.00 

3.15 

2.10 

2.65 

2.15 

2.00 

2.10 

2.20 

5.26 

23 

4.60 

4.50 

8.36 

3.06 

3.3') 

2.20 

2.60 

2.10 

2.00 

2.10 

2.85 

5.05 

24 

4.20 

6.20 

8.10 

3.20 

3.15 

2.30 

2.40 

2.10 

2.00 

2.10 

2.40 

4.50 

25 

3.06 

6.60 

7.30 

3.36 

8.00 

2.20 

2.40 

2.05 

2.05 

2.10 

2.50 

4.10 

2ft 

4.00 

6.10 

7.15 

3.66 

2.75 

2.25 

2.30 

2.15 

2.10 

2.05 

2.50 

4.10 

27 

2.50 

8.36 

7.00 

3.70 

2.85 

2.20 

2.36 

2.20 

2.00 

2.00 

2.10 

4.00 

28 

3.70 

8.40 

6.66 

3.35 

3.30 

2.25 

2.50 

2.25 

2.00 

2.05 

2.40 

4.00 

29 

2.90 

6.10 

3.10 

3.30 

2.20 

2.45 

2.30 

2.10 

2.00 

2.40 

4.00 

30 

3.00 

6.75 

3.10 

3.05 

2.15 

2.40 

2.25 

2.10 

2.10 

2.30 

4.00 

31 

2.70 

5.65 

3.00 

2.35 

2.85 

2.20 

4.00 

SANDUSKY  RIVER  AT  MEXICO,   OHIO. 

This  river  rises  in  the  north-central  part  of  Ohio  and  flows  in  a 
westerly  and  northerly  direction  into  Sandusky  Bay,  an  arm  of  Lake 
Erie.  Its  watershed  is  largely  used  for  fanning  and  pasturage,  liti,v- 
ing  only  an  occasional  patch  of  forest.  Sixteen  dams  have  been  built 
alolig  its  course  in  order  to  utilize  the  water  power.  Only  five  of  these 
are  now  in  use,  but  the  flow  is  more  or  less  obstructed  by  them  all. 
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Measurementfl  of  flow  were  begun  in  November,  1898,  in  connectiou 
with  the  work  of  the  State  board  of  health  in  their  study  of  the  pol- 
lution of  the  Ohio  streams  and  also  to  obtain  information  in  regard  to 
water  power.  Two  stations  have  been  established  on  the  Sandusky, 
one  at  Mexico,  6  miles  above  Tiffin,  and  the  other  at  Fremont,  about 
15  miles  from  the  mouth  of  the  river.  The  Mexico  station  was  estab- 
lished by  H.  A.  Pressey  and  B.  H.  Flynn  on  November  17,  1898,  and 
is  located  at  the  highway  bridge  near  Mexico,  about  40  miles  above 
Fremont,  Ohio.  The  wire  gage  is  on  the  upstream  side  of  the  bridge, 
and  is  referred  to  a  bench  mark  cut  in  the  top  side  of  the  upstream 
wing  of  the  right  abutment  of  the  bridge.  The  elevation  of  the  bench 
mark  is  30.00  feet  alwve  gage  datum.  Gagings  are  made  from  the 
downstream  side  of  the  bridge,  the  initial  point  being  on  the  left  bank, 
marked  by  a  nail  in  the  guard  rail.  The  stream  flows  through  a  long 
stretch  of  clay  banks,  with  little  sand  and  gravel,  and  is  unobstructed 
near  the  point  of  measurement.  At  extreme  high  water  the  banks  are 
overflowed,  hud  at  very  low  water  the  measurements  are  somewhat 
uncertain,  owing  to  the  sluggishness  of  the  stream.  The  observer  is 
M.  L.  Estep,  of  Mexifo,  Ohio.  One  measurement  of  discharge  was 
made  by  B.  H.  Flynn  in  March,  1899,  at  a  gage  height  of  5.40  feet, 
which  gave  a  discharge  of  1,38(>  second-feet. 


Daily  gage  height,  in  feet ,  of  Sandusky  River  at  Mexico^  Ohio,  for*lS99» 


Day. 
1 

Jan. 

Feb. 
1.90 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

De<-. 

8.00 

6.60 

6.40 

1.50 

4.10 

1.10 

1.40 

0.60 

0.60 

1.10 

1.90 

2... 

2.90 

1.90 

4.80 

6.00 

1.40 

4.10 

1.00 

1.30 

.50 

.60 

1.10 

1.20 

3 

2.80 

1.80 

4.00 

4.90 

1.40 

8.70 

1.00 

1.30 

.60 

.60 

1.00 

1.9) 

i 

8.10 

1.80 

6.00 

4.70 

1.30 

8.00 

1.00 

1.80 

.50 

.60 

1.20 

1.20 

5 

10.20 

1.70 

0.40 

4.20 

2.40 

2.40 

.90 

1.20 

.50 

.60 

1.20 

1.30 

6 

10.80 

1.70 

10.80 

8.40 

1.90 

2.00 

.90 

2.60 

.60 

.50 

1.10 

1.00 

t 

9.80 

1.70 

9.20 

8.00 

2.20 

2.00 

.90 

2.10 

.50 

.60 

1.10 

1.40 

8...... 

6.10 

1.60 

6.80 

4.80 

2.00 

2.50 

.80 

1.80 

.60 

.60 

1.10 

i.ao 

9 

4.00 

1.60 

4.50 

6.80 

1.80 

8.00 

.80 

1.40 

,60 

.   .60 

1.10 

i.ao 

10 

8.60 

1.60 

4.00 

5.00 

1.60 

2.40 

.80 

1.40 

.60 

.60 

1.00 

1.20 

11 

8.60 

1.60 

7.80 

4.10 

1.60 

2.00 

.80 

1.40 

.00 

.60 

1.00 

l.» 

12 

8.40 

1.60 

8.40 

8.20 

1.40 

1.80 

.80 

1.80 

.00 

.00 

1.00 

I.ao 

18 

8.40 

1.60 

6.60 

3.50 

1.90 

1.70 

.70 

1.80 

.60 

.60 

1.00 

1.00 

U 

10.20 

1.60 

4.80 

3.40 

1.50 

1.50 

.70 

1.20 

.60 

.80 

1.00 

Lao 

16.... 

15.60 

1.60 

8.80 

8.00 

1.40 

1.40 

1.10 

1.20 

.50 

.80 

LIO 

1.80 

16 

17.00 

1.60 

8.70 

2.60 

1.30 

1.30 

1.50 

1.00 

.60 

.80 

1.20 

i.» 

17 

16.80 

l.fiO 

3.70 

2.30 

1.30 

1.30 

1.60 

.90 

.00 

.80 

1.20 

1.TO 

18 

10.80 

1.50 

8.90 

2.00 

2.20 

1.20 

1.60 

.90 

.60 

.80 

1.20 

1.90 

19 

6.80 

1.50 

11.00 

2.00 

4.20 

1.10 

1.40 

.90 

.60 

.70 

1.20 

2.20 

ao 

4.20 

1.50 

11.80 

1.90 

3.20 

1.00 

1.30 

.80 

.80 

.80 

1.20 

3. 00 

21 

8.60 

1.50 

9.30 

1.90 

2.40 

1.00 

1.80 

.80 

.80 

1.00 

1.20 

8.30 

22 

8.40 

8.10 

7.30 

1.80 

2.00 

.90 

1.30 

.80 

.70 

1.00 

1.10 

2.80 

28 

8.20 

9.20 

9.80 

1.80 

1.80 

.90 

1.20 

.80 

.00 

1.00 

1.10 

2.40 

24 

8.00 

7.20 

10.10 

1.60 

1.70 

.80 

1.20 

.80 

.00 

1.00 

1.20 

2.20 

26 

8.00 

6.00 

9.60 

1.80 

1.60 

1.30 

1.20 

.70 

.60 

1.00 

1.20 

2.20 

arj 

2.90 

6.40 

7.40 

1.80 

1.60 

1.20 

1.20 

.70 

.60 

1.00 

1.20 

2,10 

27 

2.70 

9.20 

0.40 

1.80 

1.50 

1.20 

1.10 

.70 

.60 

1.10 

1.20 

2.10 

28 

2.60 

8.40 

6.00 

1.80 

1.50 

1.20 

1.20 

.70 

.60 

1.10 

1.80 

2.00 

29 

2.40 

6.50 

1.70 

1.60 

1.10 

1.50 

.60 

.60 

1.20 

1.20 

S.00 

30 

2.20 

6.10 

1.60 

8.40 

1.10 

1.60 

.60 

.00 

1.80 

1.20 

1.80 

81 

2.00 

6.90 

4.70 

1.40 

.60 

1.20 

i.eo 
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SANDUSKY   RIVER  AT  FREMONT,  OHIO. 

This  station,  established  by  H.  A.  Pressey  and  B.  H.  Flynn  on 
November  18, 1898,  is  at  the  bridge  of  the  Lake  Shore  Railroad  at  Fre- 
mont, Ohio.  The  gagings  are  made  from  the  board  walk  on  the  lower 
cord  of  the  bridge,  the  initial  point  being  a  cross  cut  on  the  bottom 
lateral  at  the  west  end  of  the  bridge.  The  gage  is  an  iron  pipe  grad- 
uated to  feet  and  tenths,  located  at  the  waterworks  intake,  and  is 
referred  to  a  bench  mark  cut  on  top  of  south  end  of  west  abutment  of 
bridge.  The  elevation  of  bench  mark  is  20.1  feet  above  gage  datum. 
The  bed  is  rocky,  the  banks  high  and  not  subject  to  overflow.  Dur- 
ing the  summer  of  1899,  owing  to  the  scarcity  of  water  for  the  water- 
works of  Fremont,  the  rubble  dam  below  the  station  was  rebuilt, 
affecting  the  flow  of  the  rivei^and  gage  readings,  especially  at  time 
of  low  water.  The  observer  is  Charles  F.  Reiff,  sui)erintendent  of 
the  waterworks  at  Fremont,  Ohio.  A  measurement  of  discharge  was 
made  March  2, 1899,  by  B.  H.  Flynn:  Gag;e  height,  2. 32 feet;  discharge, 
1,784  second-feet. 

Daily  gage  height,  in  feet^  of  Sandusky  Rix^er  at  Premont,  Ohio,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

1 

2.00 

1.30 

2.95 

2.1... 

1.75 

1.20 

2.25 

3 

1.70 

1.20 

2.06 

4 

2.30 

1.20 

2.76 

6 

5.15 

1.20 

4.80 

6 

4.90 

1.10 

4.65 

7 

4.40 

1.10 

3.76 

8 

3.25 

1.05 

2.95 

9 

2.70 

.75 

2.40 

10 

2.35 

.70 

2.66 

U 

2.15 

.80 

4.40 

12 

2.15 

.80 

4.05 

13  .... 

2.50 

.80 

3.15 

U 

7.80 

.80 

2.10 

15 

8.25 

.80 

2.10 

16 

7.40 

.75 

1.96 

17 

6.80 

.80 

1.90 

18 

5.00 

1.00 

2.W) 

19 

3.40 

1.05 

b.70 

ao 

2.90 

1.56 

5.05 

21 

2.55 

2.05 

4.05 

22 

2.25 

4.25 

4.00 

23 

2.20 

4.0(r 

4.65 

24 

2.20 

3.30 

4.20 

25 

2.30 

2.60 

3.80 

28 

2.15 

3.40 

3.60 

27 

2.10 

4.20 

3.10 

28 

1.65 

3.60 

2.85 

29 

1.55 

2.80 

ao 

1.45 

2.90 

31 

1.35 

2.85 

Apr. 


2. 
2. 
1 
1. 


2. 
2 
2. 


2.90 

2.75 

2.45 

55 

30 

95 

80 

2.75 

2.a5 

50 

10 

00 

1.95 

1.75 

1.50 

1.25 

(15 

.90 

.80 

.80 

.70 

.65 

.60 

.60 

1.15 

1.00 

.75 

.70 

.60 

.55 


May. 


1 


0.40 
.35 
.30 
.40 
1.55 
1.00 
.85 
.95 
.75 
.65 
.60 
.45 
.40 
.40 
.40 
.:» 
.40 

.a5 


1.55 

1.55 

1.00 

.75 

.55 

.45 

.a5 

.30  ' 

.a5 

.55  ! 
1.30 
2. 15 
2.60 


June. 

July. 

2^20 

-0.05 

2.15 

-  .15 

1.95 

-  .25 

1.55 

-  .25 

1.10 

-  .16 

.85 

-  .15 

.80 

-  .15 

.75 

.10 

1.44) 

-  .20 

1.3t) 

—  .10 

1.00 

+  .05 

.75 

-  .15 

.55 

-  .15 

.35 

-  .20 

.30 

-  .20 

.20 

+  .60. 

.20 

.55' 

.10 

.&5 

.10 

.15 

.10 

.10 

.00 

.00 

.00 

.06 

.00 

-  .10 

-  .05 

-  .10 

-  .05 

+  .05 

.00 

-  .10 

-  .(fi 

-  .15 

.00 

-  .15 

—  .05 

-  .15 

-  .05 

-  .15 

-  .05 

Aug. 


+0.05 
.10 
.05 
.00 
.00 

-  .10 
+  .65 

.25 
.10 
.(X) 
.00 
.00 

-  .15 

-  .10 

-  .10 

-  .  15 

-  .20 

-  .15 

-  .2r) 

-  .25 

-  .26 

-  .25 

-  .26 

-  .25 

-  .36 

-  .40 

-  .30 

-  .« 
.25 
.05 

+  .30 


Sept. 


0.35 
.40 
.35 
.40 
.2S) 
.40 
.45 
.45 
.45 
.40 
.40 
.30 
.30 
.30 
.30 
.50 
.50 
.60 
.66 
.60 
.65 
.56 
.55 
.65 
.80 
.70 
.70 
.80 
.80 
.70 


Oct. 

Nov. 

Dec. 

0.75 

0.95 

0.90 

.70 

.95 

.90 

.76 

1.05 

.95 

.76 

1.05 

1.00 

.76 

1.05 

.95 

.70 

1.05 

.95 

.60 

.95 

.95 

.60 

.90 

.95 

.60 

.90 

.95 

.60 

.90 

.90 

.60 

.90 

1.00 

.45 

.95 

1.00 

.50 

.95 

1.06 

.70 

.95 

1.20 

.70 

.90 

1.20 

.76 

.90 

1.20 

.85 

.95 

1.10 

.86 

.95 

1.10 

.96 

.95 

1.60 

.85 

1.00 

1.90 

.85 

.95 

1.90 

.85 

.96 

1.70 

.86 

.90 

1.60 

.85 

.96 

1.40 

.85 

.96 

1.50 

.85 

.95 

1.25 

.a5 

.95 

1.10 

.95 

.95 

1.10 

.95 

.96 

1.10 

.90 

.90 

1.00 

1.05 

.96 

NIAGARA  RIVER  BELOW   BUFFALO,  NEW  YORK. 

Meastirements  of  Niagara  River  were  made  under  the  direction 
of  the  United  States  Board  of  P^ngineers  on  Deep  Waterways,  from 
September,  1897,  to  September,  1808,  the  work  being  in  charge  of 
E.  E.  Haskell,  assistant  engineer.  The  results  are  discussed  in  a 
paper  prepared  by  Mr.  Clinton  B.  Stewart,  assisting  Mr.  Haskell, 
and  presented  to  the  Western  Society  of  Engineers  in  December, 
IBB  36 6 
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1899.  ^  The  i)oint  of  measurement  was  on  the  north  side  of  the  interna- 
tional bridge,  about  3  miles  below  the  head  of  the  river.  At  this  xK)int 
the  total  width  is  1,806  feet,  of  which  128.5  feet  is  taken  up  by  the  width 
of  the  eight  bridge  piers.  The  distance  between  soundings  was  about 
20  feet.  The  soundings  were  made  with  a  41 -pound  cast-iron  weight 
attached  to  a  sash  chain,  in  swift  and  deep  water,  and  vnth  a  25-pound 
lead  in  the  shallower  water.  Velocity  measurements  were  made  by 
means  of  Haskell  current  meters  with  high  and  low  pitch  wheels. 
The  velocity  of  the  current  was  determined  at  points  about  80  feet 
apart  and  at  0.3  of  the  total  depth.  Measurements  of  velocity  near 
the  surface  were  also  taken,  with  the  meter  immersed  1  foot,  also  near 
the  bottom,  with  the  weight  just  clearing,  so  that  the  meter  wheel  was 
1.5  feet  above  the  bottom. 

At  a  water-surface  elevation  of  567.0  feet  above  me4^n  tide  at  New 
York,  the  area  of  cross  section  was  39,629  square  feet.  The  discharge 
measurements  covered  a  range  of  about  2.3  feet  in  lake  level.  Tak- 
ing the  elevation  of  mean  level  of  Lake  Erie  at  572.78,  this  being  the 
average  at  Cleveland  for  the  period  1875  to  1898,  the  corresponding 
discharge,  when  corrected,  is  placed  at  221,500  second-feet.  The  rate 
of  increase  in  discharge  at  this  elevation  is  about  25,000  second-feet 
per  foot  rise. 

In  the  results  of  this  investigation  published  by  Mr.'  Clinton  B. 
Stewart  in  the  Journal  of  the  Western  Society  of  Engineers,  the  g^es 
showing  height  of  water  at  the  time  of  measurements  were  located, 
one  on  the  American  shore  and  the  other  on  the  Canadian  shore,  each 
about  2i  miles  from  the  mouth  of  the  river.  These  were  read  during 
the  months  of  July  and  August,  1898,  simultaneously  at  ten-minute 
intervals  throughout  the  day.  They  have  been  referred  to  the  gage 
near  Buffalo,  readings  of  which  were  made  from  1887  to  1897.  The 
fall  from  these  to  the  latter  is  0. 13  foot.  No  attempt  has  been  made  to 
estimate  the  daily  flow.  It  is  probable  that  this  can  be  done,  as  the  bed 
of  the  river  is  of  rock  and  not  subject  to  change.  The  construction 
of  the  international  bridge  about  1870  may  have  changed  the  slope 
conditions  slightly,  but  probably  has  not  influencedHhe  flow  by  more 
than  a  few  per  cent. 

The  measurements  of  the  outflow  of  Lake  Erie  through  Niagara 
River  were  continued  from  September,  1898,  by  the  Corps  of  Engineers, 
United  States  Army,  in  charge  of  the  survey  of  northern  and  north- 
western lakes,  of  which  Mr.  E.  E.  Haskell  was  assistant  engineer  and 
Mr.  F.  C.  Shenehon  was  resident  engineer.  From  the  measurements 
made  by  these  two  parties  the  outflow,  by  months,  for  the  years  1895 
to  1898  has  been  computed  and  published. ^  The  mean  discharge  for 
these  thirty-four  years  is  220,428  second-feet.  The  following  table 
gives  the  results,  by  months,  in  condensed  form: 


>  Joamal  of  Western  Society  of  Enffineers  for  1899,  pp.  450  to  498. 

«  Begalation  of  the  Leyel  of  Lake  Erie.    Fif  ty-8lxth  Congress,  first  session,  H.  B.  Doc.  No.  900. 
pp.  15  and  16. 
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Mean  monthly  discharge  of  Niagara  River  beUno  Buffalo^  New  York,  for  years  1865 
to  1898,  indusive^  in  thousands  of  cubic  feet  per  second. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Mean. 

\W 

/ 

..  iQ 

\\D 

sA 

^rt 

.sv\ 

/  ' 

1865. 

U 

198 

200 

^^216 

231 

<>^ 

^£ 

\^% 

219 

^210 

^^206 

216 

1866. 

200 

197 

205 

219 

225 

231 

234 

228 

206 

2S6 

220 

220 

219 

1867. 

213 

206 

215 

223 

236 

244 

239 

231 

221 

ns 

2U2 

197 

220 

1868. 

192 

185 

197 

216 

227 

237 

236 

223 

216 

206 

202 

198 

211 

1869. 

197 

196 

206 

214 

227 

237 

245 

242 

235 

jS;^ 

212 

221 

221 

1870. 

227 

232 

227 

244 

249 

249 

260 

248 

241 

281 

224 

221 

237 

1871. 

216 

208 

219 

231 

238 

238 

238 

232 

228 

212 

207 

108 

222 

1872. 

196 

191 

189 

193 

203 

211 

211 

210 

205 

201 

194 

1^ 

199 

1873. 

187 

157 

189 

217 

234 

236 

236 

234 

224 

217 

212 

221 

216 

1874. 

231 

232 

233 

237 

240 

241 

242 

238 

226 

215 

205 

201 

228 

1875. 

196 

192 

195 

204 

215 

225 

229 

228 

225 

213 

209 

214 

211 

1876. 

214 

227 

244 

259 

268 

272 

268 

260 

.255 

240 

242 

233 

248 

1877. 

2e8 

219 

214 

224 

230 

232 

239 

235 

233 

223 

221 

223 

226 

1878. 

2iS5 

228 

232 

243 

260 

250 

260 

243 

240 

231 

226 

228 

237 

18T9. 

217 

214 

214 

223 

227 

229 

230 

225 

216 

211 

200 

206 

218 

1880. 

218 

219 

222 

226 

238 

236 

238 

232 

22ft^ 

215 

214 

206 

MMTb 

L881. 

196 

199 

206 

223 

238 

239 

238 

230 

5r 

220 

215 

220 

220 

1882. 

232 

232 

244 

250 

256 

260 

258 

254 

247 

285 

226 

214 

242 

1883. 

212 

217 

221 

224 

236 

255 

261 

259 

250 

242 

232 

232 

237 

1884. 

f&i 

231 

236 

250 

258 

260 

254 

250 

238 

229 

217 

216 

239 

1885. 

211 

206 

2(J6 

223 

242 

256 

255 

255 

251 

248 

245 

243 

236 

1886. 

244 

225 

220 

243 

251 

254 

253 

247 

241. 

236 

224 

226 

239 

1887. 

220 

230 

252 

253 

258 

259 

262 

243 

237 

222 

215 

216 

238 

1888. 

211 

206 

207 

2S» 

229 

282 

236 

233 

222 

Z\3 

215 

212 

220 

1889. 

212 

209 

205 

213 

217 

228 

233 

225 

216 

206 

200 

206 

214 

1896. 

214 

221 

224 

237 

246 

266 

245 

234 

229 

224 

223 

218 

231 

1891. 

212 

212 

223 

220 

215 

219 

216 

210 

206 

197 

188 

180 

209 

1892. 

190 

186 

187 

198 

217 

286 

239 

230 

222 

209 

201 

195 

209 

1893. 

187 

189 

193 

210 

280 

235 

228 

220 

210 

202 

194 

195 

208 

1894. 

202 

199 

200 

209 

218 

226 

223 

214 

210 

202 

197 

195 

208 

1895. 

188 

184 

184 

189 

194 

196 

193 

192 

189 

180 

178 

181 

187 

1896. 

188 

181 

180 

189 

198 

204 

201 

206 

198 

193 
198 

186 

186 

192 

1897. 

186 

190 

198 

210 

218 

220 

220 

216 

210 

196 

195 

205 

1898. 

196 

200 

206 

220 

224 

225 

219 

214 

205 

201 

198 

196 

209 

Y"^ 


SENECA  RIVER  AT  BALDWIN8VILLE,  NEW  YORK. 


This  stream  has  its  source  in  the  lake  of  the  same  name  in  central 
New  York;  its  general  course  is  northeasterly  until  its  junction  with 
the  Oneida  River  in  Onondaga  County,  where  the  two  form  the  Oswego 
River,  which  flows  northwesterly,  entering  Lake  Ontario  at  the  city  of 
Oswego.  The  station  is  located  at  the  dam  on  Seneca  River  at  Bald- 
winsville,  where  the  drainage  area  is  3,103  square  miles.  A  head  or 
crest  gage  is  placed  at  each  end  of  the  dam  and  both  are  read  twice 
daily.  Only  one  tailrace  gage  was  placed.  The  elevation  of  the  zeros 
of  the  crest  gages  is  93.99  feet,  while  the  elevation  of  the  zero  of  the 
tailrace  gage  is  84.91  feet,  or  a  difference  of  9.08  feet.  To  obtain  the 
effective  heads  on  the  water  wheels  it  is  necessary  to  add  to  the  daily 
readings  of  the  crest  gages  9.08  feet,  and  subtract  the  readings  of  the 
tailrace  gage.  Ten  mills  utilize  the  flow  here  developed  for  power 
purposes,  and  to  get  the  entire  flow  of  the  river  it  is  necessary  to  keep 
a  record  of  the  different  heads  on  the  wheel  gates  as  well  as  the 
amount  of  opening  of  each.  The  records  at  this  point,  as  well  as  on 
various  other  streams  in  the  State  of  New  York,  were  begun  by  Mr. 
George  W.  Rafter  for  the  United  States  Board  of  Engineers  on  Deep 
Waterways.  The  computations  of  discharge  are  quite  laborious  and 
have  been  made  as  noted  in  Volume  XXVI  of  the  Proceedings  of  the 
American  Society  of  Civil  Engineers,  page  308.  The  following  figures 
are  based  on  Bazin's  experiments.  The  Oswego  Canal  is  fed  from 
Seneca  Eiver,  and  practically  its  entire  flow  should  be  added  to  that 
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of  the  stream  to  obtain  the  total  yield  of  the  watershed.     The  dis- 
charge of  this  caual,  incladlng  both  lockage  and  leakage,  was  taken 
as  70  second-feet  from  June  to  October,  1899. 
Etlimated  daily  dU^targe,  i 
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£afimated  daily  dineharge,  i 
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Feb. 
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m 
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^ 
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CHTTTENANQO   CREEK   AT   BRIDGEPORT,  NEW  YORK. 

This  creek  rises  in  Madison  County,  New  York,  and  flows  in  a 
northerly  direction  between  Madison  and  Onondaga  counties  into 
Oneida  Lake,  the  outlet  of  which  is  Oneida  River,  a  tributary  of 
Oswego  River.  The  basin  of  Chittenango  Creek  is  shown  on  Chitt«- 
nango  atlas  sheet  of  the  United  States  Geological  Survey.  Ob8er\*a- 
tions  for  the  computation  of  flow  of  this  creek  are  made  at  the  mill- 
dam  in  Bridgeport,  New  York,  a  short  distance  above  its  mouth. 
The  drainage  area  at  this  point  is  307  square  miles.  Three  times  a 
day  observations  are  mado  of  the  river  height  above  the  crest   of 
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the  dam,  head  on  wheels,  and  the  amount  of  gate  opening.  Jefferson 
Downs,  of  the  flour  mill,  is  the  observer.  The  mill  runs  three  Cam- 
den turbines — two  of  which  are  60-inch,  and  one  54:-inch.  The  dam  is 
of  timber,  backed  with  stone.  The  elevation  of  the  zero  of  the  crest 
gage  is  92.84  feet,  while  the  zero  pt  the  tailrace  gage  is  85.88  feet,  the 
difference  between  them  being  6.96  feet.  In  computing  the  flow  over 
the  dam  the  crest  is  divided  into  three  parts,  each  of  which  is  con- 
sidered as  a  separate  weir.  The  discharge  over  the  dam  was  first  com- 
puted from  Bazin's  experiments,  but  after  July  1,  1899,  it  was  com- 
puted from  the  results  of  the  experiments  made  at  Cornell  University. 
A  cross  section  of  the  dam  and  additional  facts  are  given  by  Mr. 
Geo.  W.  Rafter  in  Volume  XXVI  of  the  Proceedings  of  the  American 
Society  of  Civil  Engineei's,  page  309. 

Estimated  daily  discharge,  in  second- feet,  of  Chittenango  Creek  at  Bridgeport,  New 

York,  for  1898, 


Day. 

• 

Sept.  Oct. 

Nov. 

Dec. 

Day. 

Sept 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

115 
135 
85 
142 
149 
214 
154 
198 

Oct. 

Nov. 

Dec. 

1.. 

2-. 

3.. 

4.. 

6.. 

6.. 

7.. 

8.. 

9.. 
10-. 
11.. 

180 

562 
559 
484 
358 
379 
385 
831 
350 
386 
474 
1,389 

427 
360 
848 
885 
471 
414 
404 
820 
261 
265 
465 

12... 

196 
197 
181 
354 
385 
299 
284 
207 
320 
209 
463 

1,571 
1,265 
921 
790 
604 
615 
500 
606 
675 
728 
623 

434 
454 
442 
450 
472 
619 
605 
678 
660 
793 
1,155 

23... 
24.... 
25... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 

465 
487 
472 
362 
867 
972 
661 
565 
519 

503 
669 
490 
442 
465 
523 
413 
421 

1,298 
1,401 
1,075 
857 
728 
541 
480 
630 
630 

507 

•  M  «  •  V  * 

205 
171 
172 
166 
309 
235 
204 
130 
165 
194 

13... 

14... 

16... 

16... 
17... 
18... 
19... 
20... 
21... 
22... 

82 
116 

58 
119 
139 
117 
111 

Mean 

129 

844 

612 

Estimated  daily  discharge,  in  second-feet,  of  Chittenango  Creek  at  Bridgeport,  New 

York,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 
116 

Aug. 

Sept. 

• 

Oct. 

Nov. 

Dec. 

1 

515 

520 

632 

887 

447 

426 

84 

81 

75 

60 

113 

2 

571 

484 

473 

796 

357 

346 

55 

79 

49 

90 

145 

127 

8 

686 

440 

885 

752 

310 

234 

97 

160 

45 

91 

145 

143 

4 

737 

465 

620 

861 

172 

105 

113 

126 

133 

90 

160 

159 

6 

1067 

385 

1260 

866 

172 

184 

132 

134 

81 

80 

165 

149 

6 

1310 

856 

1831 

864 

157 

229 

99 

70 

76 

141 

228 

151 

7 

1282 

842 

1475 

857 

95 

229 

123 

126 

74 

89 

128 

166 

8 

1135 

465 

1060 

1420 

172 

244 

132 

125 

96 

45 

120 

179 

9 

724 

385 

860 

1675 

172 

192 

45 

134 

96 

107 

106 

155 

10 

486 

885 

862 

1369 

227 

147 

80 

79 

15 

117 

65 

168 

11 

473 

385 

660 

1306 

287 

70 

262 

62 

71 

101 

46 

181 

12 

623 

385 

565 

1274 

172 

109 

271 

44 

96 

101 

35 

211 

13 

849 

538 

1196 

1507 

172 

192 

162 

15 

92 

85 

72 

326 

14 

738 

524 

1061 

1737 

165 

182 

169 

141 

66 

72 

57 

305 

15 

1200 

462 

970 

1614 

180 

109 

99 

125 

88 

15 

65 

895 

16 

1280 

362 

665 

1405 

174 

184 

70 

108 

79 

84 

60 

374 

17 

1101 

449 

634 

1339 

260 

192 

101 

87 

25 

30 

88 

855 

18 

632 

364 

526 

1221 

310 

70 

221 

76 

89 

38 

57 

466 

19 

300 

385 

565 

860 

374 

152 

210 

91 

•74 

38 

25 

706 

20 

895 

541 

736 

861 

374 

84 

204 

25 

96 

45 

88 

688 

21 

380 

444 

766 

629 

885 

92 

152 

120 

117 

47 

70 

298 

22 

385 

619 

962 

447 

281 

100 

117 

109 

89 

15 

78 

304 

23 

809 

960 

1061 

165 

265 

124 

70 

96 

84 

60 

100 

254 

24 

372 

1074 

1345 

627 

262 

134 

102 

(a) 

25 

68 

102 

200 

25 

311 

1314 

1061 

527 

197 

70 

102 

67 

43 

110 

130 

28 

362 

1015 

885 

456 

195 

141 

122 

49 

57 

26 

288 

27 

808 

645 

626 

331 

227 

100 

110 

112 

48 

100 

261 

28 

882 

766 

760 

279 

225 

109 

88 

119 

25 

133 

201 

29 

385 

1075 

859 

812 

84 

109 

66 

96 

20 

114 

249 

30 

448 

1360 

296 

338 

91 

45 

96 

79 

65 

105 

244 

31 

Mean. 

637 

1360 

229 

141 

112 

65 

240 

662 

651 

893 

921 

245 

161 

128 

96 

76 

64 

95 

281 

a  JEtepairiner  dam ;  water  draw  n  off  Augrnst  25  to  28. 
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ONEIDA  CREEK  AT  KENWOOD,  NEW  YORK. 

This  stream  rises  in  Madison  County,  New  York,  and  flows  in  a 
northwesterly  direction,  crossing  the  Erie  Canal  and  emptying  into 
Oneida  Lake  at  its  southeastern  extremity.  It  is  shown  on  the  Oneida 
atlas  sheet  of  the  United  States  Geological  Survey.  The  station  is 
located  at  the  silk-mill  dam  in  Kenwood,  about  3  miles  from  Oneida, 
the  drainage  area  at  this  point  being  59  square  miles.  One  gage  gives 
the  height  of  water  above  the  crest  of  the  dam,  and  two  gages  are 
read  at  the  silk  mill,  giving  the  head  on  wheels.  From  these  read- 
ings and  from  the  number  of  gate  openings  the  quantity  of  water 
passing  over  the  dam  as  well  as  through  the  wheels  is  determined, 
thus  giving  the  discharge  of  the  creek  at  this  point.  The  dam  is  of 
timber,  well  constructed,  and  without  leakage.  Computations  of  the 
flow  over  it  have  been  made  from  Bazin's  experiments  of  1894.  The 
computations  for  the  discharge  measurements  after  July,l,  1899,  are 
based  on  the  coefficients  determined  at  Cornell  University.  The 
cross  section  of  the  dam  is  shown  in  Volume  XXVI  of  the  Proeeeil- 
ings  of  the  American  Society  of  Civil  Engineers,  page  309. 

Estimated  daily  discharge,  in  second-feet^  of  Oneida  Creek  at  Kenwood,  Xetv  5V>rA", 

for  1899. 


Day.      I  May. 


1 
2 
8 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 


71 
60 
60 
50 
54 
55 
48 
53 
58 
53 
54 
50 
60 
48 
58 
60 
61 


June. 

July. 

18 
20 
20 
20 
30 
84 
21 
^1 
40 
51 
26 
24 
24 
24 
21 
20 
31 

Oct. 

Nov. 

Dec. 

Day. 

46 
86 
36 

a5 

31 
31 
81 
24 
24 
24 
25 
26 
26 
26 
51 
41 
3l{ 

15 
21 
21 
21 
21 
21 
24 

"  '24 
24 
21 
24 
24 
24 

*26' 
25 

144 
69 
56 
66 
55 
44 
40 
26 
26 
24 
26 
27 
28 
26 
22 
26 
26 

23 
20 
25 
27 
29 
29 
25 
33 
41 

125 
97 
70 
70 
91 
82 
73 

130 

18 

19 :.... 

20 

21 

22 

23  

24 

26 

26 

27 

28 

29 

30 

31 

Mean. 

1 

1 

May.jJnne.j  July.,  Oct.    Nov.  Det*. 


68 
66 
91 
80 
82 
63 
54 
66 
43 
43 
71 
106 
76 
59 


62 


30 
26 
31 

28 
31 
31 
31 
31 
31 
24 
24 
21 


80 


38 

25 

26 

24 

26 

24 

24 

25 

25 

10 

25 

26 

25 

21 

24 

21 

25 

20 

24 

21 

25 

18 

10 

29 

21 

31 

--J 


22  !  130 

25  I  97 
28  I  79 
21  '  92 
96  '  80 
24  '  68 

26  I  55 

24  !  70 

25  ,  36 

26  ,  39 
(36  ,  27 


» 


34 
27 

34  \ 


24 


33  '  60 


Record  not  kept  for  August  and  September. 


WEST  BRANCH  OF  FISH   CREEK  AT  MCCONNBLLSVILLE,  NEW  YORK. 

This  stream  rises  in  the  northern  part  of  Oneida  County  and  flows 
in  a  southerly  direction  to  it«  junction  with  the  East  Branch,  where 
it  forms  the  main  Fish  Creek,  which  stream  flows  in  a  westerly 
direction,  emptying  into  the  east  end  of  Oneida  Lake.  The  lower 
part  of  the  course  of  Fish  Creek  is  shown  on  the  Oneida  atlas  sheet 
of  the  United  States  Geological  Survey.  The  station  is  located  at  the 
Harden  dam  in  McConnellsville.  The  drainage  area  at  this  point  is 
186.7  square  miles.  The  dam  is  of  timber,  with  a  small  leakage. 
The  crest  has  been  so  repaired  by  the  Board  on  Deep  Waterways  that 
it  is  horizontal.     The  record  of  gage  heights  is  voluntarily  kept  by 
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Frank  S.  Harden,  on  a  gage  showing  the  height  of  the  river  above  the 
crest  of  the  dam  and  also  on  one  at  the  end  of  the  tailrace.  The  flow 
of  this  dam  is  computed  from  Bazin's  experiments;  series  170,  np  to 
July  1,  1899,  and  after  that  date  they  are  based  on  the  experiments 
made  at  Cornell  University,  as  noted  in  Volume  XXVI  of  the  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers,  page  310. 

Estimated  daily  discharge,  in  second-feet,  of  West  branch  of  Pish  Creek  at 

McConndlsmUe,  Neto  York,  for  1898. 


Day. 

Sept. 

Oct. 

Nov. 

1.. 

137 

366 
319 

2.. 

60 

3.. 

111 

202 

4.. 

121 

\Ti 

5.. 

130 

155 

6.. 

137 

120 

7-. 

131 

146 

8.. 

122 

138 

9.. 

66 

185 

10.. 

102 

667 

11.. 

81  1,562 

287 
245 
217 
195 
182 
182 
196 
182 
199 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


180  I'  21. 
140     22. 


Sept 


100 
90 
96 
47 
47 
60 
96 
81 
57 
65 


Oct. 


87 
124 
134 
397 
360 
562 
346 
227 
190 
1T2 
467 


Nov.  Dec. 


997 
700 
734 
434 
514 
3&5 
865 
365 
370 
371 
220 


199 
186 
212 
]«2 
167 
147 
120 
187 
157 
190 
287 


Day. 


23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Mean. 


Sept 


Oct 


67 
882 


700 
760 


360  :  624 
197  434 
231   1,097 


181 
181 
147 


134 


871 
686 
440 
464 


883 


Nov. 


Dec. 


216 
800 
829 
819 
256 
299 
251 
\Ti 


384 


317 
468 
890 
285 
285 
225 
170 
120 
120 


210 


Estimated  daily  discharge,  in  secondrfeet,  of  West  Branch  of  Fish  Creek  at 

McConnellsville,  rfew  York,  for  1899. 


Day. 

1 

Jan. 

Feb.. 

Mar. 

402 

402 
438 
695 
7U0 
956 
866 
700 
866 
583 
646 
700 
1178 
1178 
1178 
9TZ 
782 

Apr. 

liay. 

273 
813 
243 
184 
184 
184 
120 
183 
154 
154 
183 
243 
194 
120 
189 
189 
189 

Day. 

Jan. 

615 
615 
530 
495 
360 
314 
425 
360 
325 
838 
808 
225 
278 
278 

Feb. 

Mar. 

Apr. 

May. 

J::: 

3... 
4... 
5... 
6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15 

120 
128 
194 
261 
821 
896 

ona 
uoO 

285 
862 
422 

502 
587 

795 
787 
736 

228 
183 
183 
172 
120 
212 
156 
liHS 
147 
136 
117 
80 
99 
132 
94 
131 
148 

6H6 

620 

601 

601 

601 

691 

689 

L557 

2110 

1690 

1724 

2055 

2440 

2920 

3040 

2410 

1720 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

81 

Mean. 

133 
120 
183 
198 
258 
338 
438 
438 
860 
408 
408 

667 
485 
605 
483 
442 
443 
442 
442 
360 
662 
699 
699 
609 
699 

1644 

1434 

1174 

1085 

1045 

940 

664 

664 

470 

866 

866 

864 

220 

189 
874 
874 
265 
803 
244 
194 
189 
174 
134 
50 
700 
456 
483 

16... 
17... 

435 

206 

615 

1.206 

239 

EAST  BRANCH  OP  FISH   CREEK  ABOVE   POINT  ROCK,  NEW  YORK. 

This  stream  rises  in  Lewis  County,  New  York,  and  flows  in  a  south- 
erly direction  into  Oneida  County,  where  it  joins  the  West  Branch  to 
form  the  main  Fish  Creek.  The  station  is  located  at  the  sawmill  of 
Fowler  W.  Willson  at  Point  Rock.  The  dam  is  of  timber  and  has  con- 
siderable leakage.  The  old  sawmill  located  here  is  seldom  used;  when- 
ever the  wheels  are  running,  however,  record  is  kept  of  the  length  of 
time  and  of  the  amount  of  gate  openings.  The  profile  of  crest  of  dam 
is  somewhat  irregular  and,  in  order  to  facilitate  computations,  has  beien 
divided  into  five  sections,  the  flow  through  each  of  which  has  been 
computed  separately  by  Bazin's  experiments  of  1894.  The  discharge 
measurements  after  July  1,  1899,  are  based  on  experiments  made  at 
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Cornell  University,  as  noted  in  Volume  XXVi  of  the  Proceedings  of 
the  American  Society  of  Civil  Engineers,  page  310. 

Estimated  daily  discharge ,  in  second-feet,  of  East  Branch  of  Fish  Creek  at  Point 

Rock,  New  York,  for  1898. 


Day. 

1.. 

2.. 

3.- 

4.. 

6.. 

6.. 

7.. 

8.. 

9. 

10-. 
11.. 

Sept 

Oct. 

Nov. 

Dec. 

Day. 

Sept 

Oct 

Nov. 

820 
485 
450 
395 
370 
310 
340 
345 
340 
310 
265 

Dec      Day. 

1 

Sept 

Oct. 

Nov. 

1 

DecL 

160 
100 
100 
80 
210 
205 
240 
210 
185 
185 
170 

340 
320 
260 
245 
210 
885 
415 
^SiO 
4(» 
720 
1830 

826 
826 

860 
340 
340 
340 
346 
360 
370 

ano 

360 

12... 

225 
260 
295 
600 
655 
350 
250 
230 
310 
240 
860 

1 

1 

360   1  23 

340     24 

885   ,  25 

335  1  26 

610   1  27 

530     28 

520     29 

570     30 

«X)  '   31 

155 
OOO 
420 
80O 
266 
370 
300 
160 

1.090 
710 
460 
450 

1«245 

no 

480 
400 
370 

370  i 
870  i 
345 
335  1 
825  1 
340 
385 
370  ! 
1 

USi 

13... 

745    t 

14... 

tW    , 

15... 
16... 
17... 
18... 
19... 

850    , 
806    ' 
69)    1 
490 
610 

20... 
21 

6L0 

630  1 

685  1   Mean. 

'  1 
1 

28... 

10 

296 

387 

m. 

501    J 

i 

Estimated  daily  discharge,  in  second-feet,  of  East  Branch  of  Fish  Creek  at  Point 

Rock,  New  York,  for  1899, 


Day. 

1 

2 

3 

4 

5 

6. 

7- 

8- 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

Mean. 

Jan. 

Feb. 

Mar. 

Apr. 

970 
1,040 
1,090 
1,150 
1,420 
1,486 
1,330 
1,220 
1,150 
1,240 
1,390 
1,600 
1.600 
1,660 
1,760 
1,870 
1,900 
1,900 
2,030 
2,510 
3,170 
3,550 
4,030 
4,320 
4.650 
4,170 
3,490 
3,110 
2,790 
2,790 

May. 

2,745 

2,280 

1,960 

1.340 

930 

750 

660 

ai5 

540 
520 
510 
520 
570 
520 
580 
610 
500 
600 
650 
700 
635 
640 
410 
416 
600 
450 
410 
440 
475 
450 
400 

June. 

July. 

Aug. 

(a) 

Sept 

Oct 

Nov. 

1 

Dec. 

566 

670 

670 

806 

1,190 

1,280 

1,280 

1.090 

1.060 

9H6 

990 

900 

1,006 

1,000 

770 

680 

610 

485 

660 

510 

480 

486 

426 

385 

370 

360 

380 

370 

320 

320 

340 

475 
475 
420 
460 
420 
450 
390 
370 
420 
390 

320 
440 
420 
500 
610 
640 
740 
760 
810 
750 
780 
820 
825 
900 
946 
1,060 
1,210 

748 

810 

810 

816 

840 

900 

1,010 

1,010 

770 

945 

1,160 

1,245 

1,200 

1,110 

1,046 

986 

985 

1,090 

1,150 

1,100 

1,060 

1,045 

1,165 

1.166 

1,235 

1,236 

1,165 

1,150 

1,130 

1.200 

1,245 

305 
390 
270 
265 
296 
296 
260 
230 
200 
160 
150 
165 
150 
140 
130 
116 
115 
125 
150 
170 
175 
176 
170 
150 
120 
105 
96 
100 
80 
70 

(a) 

(a) 

25 

21 

27 

35 

40 

60 

68 

80 

100 

110 

110 

120 

115 

120 

150 

130 

180 

190 

190 

190 

195 

220 

270 

270 

285 

290 

335 

415 

610 

530 

620 

660 
650 
665 

«m 

635 

680 
700 
710 
750 
790 
825 
840 
825 
840 
880 
860 
860 
880 
900 
900 
840 
%  840 
800 
900 

fan 

900 
940 

1.200 
1.230 
1.180 
1.160 

, , .1     



1.120    ' 
1,120    1 

1.040 

l.f<10 

1.040 

1.000 

1.040 

1.180 

1.180 

1.040 

I.IWO 

990 

966 

960 

l.UOO 

966 
915 

- 



e.. 



915    i 



8B0    1 
810    1 

960    ' 

SfiD    i 

1,026     1.040    ! 

1,080 
1.100 

1.045    i 

1.060    f 

1,060 



684 

612 

1,048 

2,206 

745 

177 

194 

830 

1.005    1 

1 

a  Flow  during  July,  Anernst,  and  September  not  compated,  owing  to  face  that  all  wat^v 
leaked  through  the  dam. 


OSWEGO   RIVER  AT  FULTON,  NEW  YORK, 

This  stream  is  formed  by  the  junction  of  Oneida  and  Seneca  rivers 
in  Onondaga  County,  New  York,  and  flows  northwesterly,  emptying 
into  Lake  Ontario  at  the  city  of  Oswego.  The  station  is  located  at 
the  dam  at  Fulton,  7  miles  above  Oswego,  the  catchment  area  being 
4,916  square  miles.  The  dam  is  well  built  of  stone  and  brick  and  has 
ixo  leakage.    At  this  point  four  gages  are  read — one  above  the  dam. 
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one  in  the  tailrace  of  the  Fulton  Worsted  Mill,  one  in  the  headrace 
and  one  in  the  tailrace  of  the  Oswego  Falls  Pulp  and  Paper  Com- 
pany's mill.  The  mills  are  located  at  each  end  of  the  dam,  and  both 
use  water  from  the  Oswego  River.  The  dam  is  404.6  feet  in  length, 
and  the  crest  is  practically  level.  During  the  low- water  stages  flash- 
boards  are  placed  on  the  crest  of  the  dam,  and  in  order  to  compute 
the  discharge  of  the  river  at  this  point  it  is  necessary  to  take  these 
dashboards  into  account,  as  well  as  the  height  of  the  dam,  the  head 
on  the  various  wheels,  and  the  number  of  openings  of  the  same.  The 
records  at  this  point  are  not  at  present  available.  A  cross  section  of 
the  dam  is  given  in  Volume  XXVI  of  the  Proceedings  of  the  American 
Society  of  Civil  Engineers,  page  309. 

OSWEGO  RIVER  AT  OSWEGO,   NEW  YORK. 

Another  series  of  records  on  this  stream  besides  the  one  at  Fulton 
have  been  maintained  at  the  high  dam  between  Oswego  and  Fulton. 
The  water  at  this  point  is  used  in  the  State  canal  and  by  the  Oswego 
Waterworks  Company,  whose  pump  house  is  on  the  left  side  of  the 
stream.  This  station  was  established  April  1,  1897.  The  following 
figures  of  daily  gage  height  were  obtained  from  Mr.  Thomas  II.  Ben- 
nett, 8ui)erintendent  of  the  Oswego  Waterworks  Company: 


Lfaily  gage  height,  in  feet,  of  Oswego  River  at  Oswego,  New  York,  for  1897, 


Day. 

Apr. 

8.38 
3.54 
3.71 

May. 

4.65 
4.73 
4.75 
4.83 

4.88 

'i.oi' 

5.00 
6.00 

June. 

5.63 
5.00 
6.60 
5.60 

"6.'68" 
5.63 
6.67 
6.67 
6.67 
6.67 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.56 
6.33 
6.42 

"6.42' 
6.46 
6.58 
6.79 
6.75 
6.79 

"6.56" 
6.83 
6.96 
6.83 
6.75 
6.75 

""6."67" 
6.71 
6.67 
6.Z5 
6.71 
6.83 

""6."42" 
6.33 
6.33 

a8.00 
8.13 
8.10 

8.06 
8.06 

"'"8."68" 
8.17 

""8."26" 

'""8."58' 
8.50 
8.50 
8.42 
8.50 
8.44 

""s.'ss" 

8.42 
8.42 
8.50 
8.50 
8.64 

'""8."87" 
8.71 
8.71 
8.75 
8.75 
8.76 

"s.'tq' 

8.58 

8.79 

"*8."79" 
8.83 

'*"8."fl2' 
8.79 
8.88 
8.75 
8.83 
8.83 

""8.'42 
8.29 
8.88 
8.33 
8.50 
8.64 

""'8."67 
8.63 

8.58 
8.58 
8.58 
8.42 

"""s.'so" 

8.21 
8.54 
8.46 

8.33 
8.38 

"'8.'67' 
8.46 
8.42 
8.42 
8.54 
8.58 

*8.'46" 
8.46 
8.54 
8.33 
8.42 
8.38 

"8.'79" 

8.42 
8.25 

8.60 
8.29 
8.17 
8.17 
8.25 
8.17 

'""8  2i' 
8.17 
8.06 
8.17 
8.17 
8.26 
8.25 

'8."64" 
7.98 
7.92 
7.»3 
7.83 

7.42 
7.42 
7.83 
7.44 

"'7*08" 
7.17 
7.17 
6.88 
6.83 
6.75 

"6!  79' 
6.83 
6.50 
6.64 
6.60 
6.50 

"6."56  " 
6.68 
6.76 
6.75 
7.17 
7.33 

"t.'ds" 

7.25 
7.46 
7.17 
7.26 

2 

3 

4 

5 

3.71 
3.71 
3.71 
3.76 
3.52 

6 

7 

8 

9 

10 

11 

3.64 
8.54 
3.54 
3.71 
3.71 
3.75 

12 

13 

5.04 
6.08 

'"6."6i" 
6.04 
6.04 
6.17 
6.26 
6.26 

"  "6.29' 
6.88 
6.29 
5.88 
5.42 
6.42 

'6.'4tf* 
6.46 

5.67 
6.76 
6.75 
6.77 
6.86 
6.90 

'5.'96" 
6.17 
6.17 
6.25 
6.25 
6.83 

"'8."25" 
6.38 
6.21 
6.31 

14 

16 

16 

17 

18 

3.90 
4.00 
4.08 
4.18 
4.17 
4.21 
4.27 
4.48 
4.48 
4.48 
4.48 
4.50 
4.67 

19 

20 

21 

22 

8.33 
8.38 

*""8."38" 
8.42 
8.46 
8.42 
8.60 
8.50 

7.79 
7.92 
7.79 
7.79 
7.T9 
7.46 

'"7."i7" 
7.17 

23 

24 

26 

26 

27 

28 

29 

ao 

81 

a  2.01  feet  were  added  to  the  wall  of  the  dam. 
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Daily 

gage  I 

height 

,  in  feet^  of  Oswego  River  at  Oswego,  New  York,  for 

1S9S. 

Day. 

_ 

1 

2 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Joly. 

Aq^. 

• 

Sept. 

Oct 

Nov. 

Dec 

7.58 

6.50 
6.50 
6.50 
6.67 
6.67 

5.88 
6.92 
6.00 
6.08 
6.17 

6.18 
6.17 

6.36 
6.44 
6.50 
6.68 
6.67 

"6'7i' 

6.83 

6.92 

6.92 

7.00 

7.00 

"6.'46" 
6.50 
6.29 
6.27 
6.25 
6.21 

""6."2i 
6.25 
6.33 

"*6.'4« 
6.42 
6.46 

7.00 

'6."96' 
7.26 
7.26 

7.25 
7.26 
7.60 
7.60 
7.56 
7.68 
7.68 
7.67 
7.76 
7.77 

8.29 
8.29 

■"7.83* 

"8.'66' 

8.00 
7.92 

7.58 

7.58 

8.33 
8.83 
8.33 
8.00 
8.17 
8.26 
8.25 
8.08 
8.25 
8.25 
8.33 
8.42 
8.50 
8.21 
8.42 
8.25 
8.25 
8.26 
8.26 
8.25 
8.33 
8.21 
8.26 
8.33 
8.27 
7.83 
7.92 
7.92 
7.92 
7.75 
7.76 

7.83 
7.83 

7.88 

a  17 

7.92 
7.96 
7.96 
7.87 
7.71 
7.67 
7.83 
7.75 
7.67 
7.83 
7.92 
7.92 
7.67 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
7.92 
7.88 
8.06 
7.92 
8.00 
7.92 
7.88 

"7.'8S 

'"7."83" 
7.88 

"7.«' 

"i'fSA 
7.96 
8.00 
8.00 
8.25 

"7.'67' 
7.75 
7.67 
7.67 

7.58 
7.58 

7.33 
7.17 
7.17 
7.13 
7.08 
6.96 
7.00 

"f.'oo" 

1 

7.00 
7.00 
7.00 
7.00 

7.08 
7.02 
7.08 
7.00 
6.42 
6.38 

"6.08 
6.08 
6.17 
6.25 
6.25 
6.33 

"6."33 
6.33 
6.25 
6.88 
6.42 
6.42 

'  '6.'50 
6.50 
6.58 
6.56 

6.75    j 
6.75 

3 

4 

6 

6 

7 

8.   ... 
.  Q 

7.42 

7.58 
7.29 
7.46 
7.25 
7.33 

8.75 
8.92    , 

6.50 
6.67 
6.63 
6.63 
6.63 
6.17 

6.29 
6.25 
6.2r) 
6.25 
6.21 
6.13 

8.75    ' 
7.04 

T.'do"" 

7.00 
7.42 
7.50 
7.38 
7.25 

■f.'n" 

7. 25 
7.17 
6l76 
8.50 
8.li 

10... 

11 

12 

13 

14.   .. 

15 

16 

7.60 
7.60 
7.33 
6.75 
6.63 
6.50 

6.54 
6.63 
6.83 
6.58 
6.00 
6.00 

5.92 

5.88 
5.88 
5. 83 
6.88 
6.88 

17 

18 

19 

20 

21 

22... 
23 

6.25 
6.64 
6.64 
6.64 
6.29 
6.21 

7.90 
7.90 
8.U0 
8.00 
8.00 
8.06 
8.08 
8.13 



7.10 
7.17 
6.92 
7.13 
7.17 
7.17 

"6.'fi6 
6.88 
6.26 
6.17 
6.27 
6.29 

6.7i 
6.71 

"6  "83 

6.92 
6.92 
5.79 
5.67 
6.67 
5.67 

5.88 

6.83 
6.88 
6.88 
5.92 

24 

25... 
28.... 

27 

28... 

29 

30 

5.75 
5.75 
5.88 
5.83 
6.17 
6.17 

"'8."d8' 

6.92 

8.08    1 

8.13 

6.75 

6.00 
6.00 
6.04 
6.04 

■"e'w" 

8.21 
8.27 
8.29 

6.42    1 
8.25    , 
8.25    1 

31 

6.83 
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Daily  gage 

fieight 

,  in  feet,  of  Oswego  River  at  Oswego,  New  York,  for  J899, 

Day. 

Jan. 

6.54 
6.71 
6.54 
6.29 

Feb. 

7.21 
7.29 
7.21 

"7.'38' 
7.38 
7.42 
8.08 
8.67 
8.50 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

• 

Nov. 

1 

6.83 
6.75 
6.67 
6.67 
6.33 
8.25 
6.25 
6.42 
6.50 
6.50 

5.02 

"5.'88' 

5.83 

5.88 

5.83 

6.92 

"5.28 
6.33 
6.25 
5.17 
5.17 
6.21 

"5.'25 
6.25 
5.25 
5.33 
5.25 
6.50 

6.08 
6.06 
6.06 

"6.'38 

"6.'83" 
6.50 
6.67 
6.83 
6.83 

"i'.m 

7.08 
7.00 
7.00 
7.00 
7.08 

"i'm 

7.08 
7.06 
7.08 
7.25 
7.33 

"7.'33 
7.33 
7.33 
7.33 

7.38 
7.33 

'8.'6o' 

8.42 
8.33 
8.33 
8.83 

""8."S3* 
8.33 
8.50 
8.38 
8.42 
8.33 

""8.'42' 
8.50 
8.42 
8.33 
8.83 
9.06 

"9."6b" 
8.50 
8.83 
8.42 
8.50 
8.42 
8.42 
8.50 
8.50 
8.00 
8.17 
8.33 

8.29 

""9."6b' 
8.42 
8.50 
8. 58 
8.38 
8.50 

■"7."68" 
8.58 
9.00 
8.55 
8.33 
8.75 

10.58 

""8.'e7' 
8.50 
9.17 
8.07 

"9.'m" 
8.50 
8.50 
8.50 
8.50 
8.50 

8.50 
8.33 
8.33 
8.42 
8.42 
8.42 

7.98 

2 

7.92 

3 

7.75 

4 

'  7.67 
7.67 
7.83 
7.83 
8.00 
8.17 

"s.'os" 

8.08 
8.25 
7.50 
7.50 
7.60 

"f.'so' 

7.58 
7.58 
7.67 
7.67 
7.83 

""7.*67' 
7.50 
7.87 

"8.i7" 

8.25 



8.00 
8.00 
8.17 
8.33 

"8."00' 
8.06 
8.00 
8.17 
8.17 
8.83 

'8."68' 

8.25 

8.38 

8.33 

8.38 

8.42 

"8.33" 

8.33 
8.42 

8.83 
8.42 

""8."42" 
8.42 

6 

7.75 

6 

6.25 
6.4(i 
6.67 
7.00 
7.08 
7.«) 
7.00 
6.75 

7.67 

7 

7.75 

8 

9 

8.50 
8.50 
8.50 
8.50 

10 . 

n 

12 

7.75 
7.75 

7.58 
7.38 
7.25 
7.33 

"7."33' 
7.21 
7.17 
7.00 
7.00 
7.00 

6.33 
6.33 
6.42 
6.38 
6.33 
6.38 

"e.'so 

6.50 
6.46 

13 

8.67  1 

14 

8.58    

15 

16 

6.17 
6.13 
6.13 
6.25 
6.29 
6.25 

"'8.".58    I  III  "I"" 

17 

8.67    

18 

8.42    

19 

8.T5    

20 

8.50    

21 

22 

6.42 
6.42 
6.50 
6.:i3 
6.2» 
7.43 
7.(J8 
7.412 
7.25 
7.25 

8.83    .- 

23 

6.33 
6.38 

5.64 
6.63 
6.75 
5.76 
6.79 
6.76 

■"6.'6o' 

8.33 
8.38 
8.42 
8.50 
8.33 

24 

25 

26  ...     . 

6.75 
6.79 
6.79 

6.13 
6.13 
6.17 
5.83 
5.75 
6.75 

27 

28 ... 

20 

8.08 
8.33 
8.88 

:» 

31 

SALMON  RIVER  AT  ORWELL,   NEW  YORK. 

This  river  rises  in  Lewis  County,  New  York,  and  flows  in  a  westerly 
direction  into  Lake  Ontario,  a  portion  of  its  course  being  shown  on 
the  Pulaski  atlas  sheet  of  the  United  States  Geological  Survey.  At  a 
point  about  a  mile  below  Orwell  are  Salmon  Falls,  where  the  river 
has  a  vertical  descent  of  about  110  feet,  but  at  present  no  attempt 
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has  been  made  to  utilize  it.  Observations  were  made  at  Orwell,  at 
which  locality  the  river  has  a  drainage  area  of  190.5  sqiiare  miles. 
The  gages  are  at  an  old  wooden  dam  built  to  furnish  power  for  a  saw- 
mill. The  dam  is  considerably  out  of  repair  and  Jeaks  badly.  When 
the  station  was  first  established  current-meter  measurements  were 
ma^  of  this  leakage,  and  it  was  found  to  be  88  cubic  feet  per  second. 
The  profile  of  the  crest  is  irregular,  and  in  order  to  facilitate  computa- 
tion is  divided  into  four  parts,  each  section  being  computed  separately 
and  the  sum  total  taken  as  the  entire  flow.  The  station  was  aban- 
doned May  31, 1899,  on  account  of  the  leakage  through  the  dam,- which 
it  was  difficult  to  estimate  accurately.  The  results  are  not  at  present 
available  for  publication. 

BLACK  RIVER  AT  WATERTOWN,   NEW  YORK. 

This  river  rises  in  Herkimer  County  and  flows  in  a  northeasterly 
direction  into  Black  River  Bay,  an  arm  of  Lake  Ontario.  A  portion 
of  its  course  is  shown  on  the  Watertown  atlas  sheet  of  the  United 
States  Geological  Survey.  Observations  of  the  height  of  water  have 
been  made  at  the  dam  of  the  city  waterworks  of  Watertown,  located 
2  miles  above,  at  Huntingtonville.  The  station  was  established  on 
February  22,  1897.  The  record  in  the  following  table  has  been  fur- 
nished by  Frank  A.  Hinds,  civil  engineer.  It  is  the  average  of  two 
daily  readings. 

The  readings  from  August  22  to  September  16, 1897,  do  not  give  reli- 
able data,  as  the  high  dam  on  the  opi)osite  channel  of  the  river  devel- 
oped a  leak,  which  gradually  increased  until  it  became  necessary  to 
open  the  traps  in  the  dam,  letting  the  water  down  so  that  it  could  be 
repaired.  It  is  possible  that  this  leak  commenced  earlier  than  August 
22.  The  conditions  at  this  point  are  peculiar,  in  that  the  stream  flows 
in  two  channels  with  an  island  between.  There  is  a  dam  on  each 
channel,  the  high  dam,  previously  referred  to,  creating  a  settling 
basin  for  the  water  supply  of  the  city  of  Watertown.  The  other  dam, 
known  as  the  Huntingtonville,  on  the  opposite  side  of  the  island,  is 
the  one  near  which  the  readings  given  herewith  are  t^ken. 

In  addition  to  the  amount  of  water  which  is  indicated  by  the  flow  over 
this  (the  Huntingtonville)  dam,  there  should  be  added  the  quantity 
taken  from  the  other  channel  above  the  high  dam  to  supply  water  for 
the  city  of  Watertown.  There  is  also  constant  leakage  from  seams  in 
the  rock  underneath  the  Huntingtonville  dam,  where  the  observations 
are  made.  This  quantity  has  been  variously  estimated,  but  direct 
measurements  have  not  been  made.  In  the  following  table  the  original 
readings  have  been  diminished  by  dropping  the  figure  100;  for  example, 
the  reading  on  February  22, 1897,  of  103. 10  is  given  below  as  3. 10.  In  a 
few  instances  this  has  introduced  a  minus  quantity  when  the  surface 
dropped  below  100,  as  was  the  case  on  Oct<)ber  3,  and  8  to  11,  1897. 

The  crest  of  the  dam  is  irregular  in  profile,  and  for  ease  of  computii- 
tion  is  divided  into  six  parts,  each  of  these  being  considered  horizontal. 


I 


192 


OPERATIONS   AT   RIVER   STATIONS,  1899. PART   II  l»o.» 


The  discharge  of  the  river  was  computed  by  Mr.  Robert  E.  Horton. 
The  results,  however,  have  been  revised  several  times  upon  the  acqui- 
sition of  new  information.  Another  record  of  Black  River  has  been 
kept  by  the  Taggart  Company  at  Felts  Mills,  about  10  miles  above 
Watertown,  covering  a  somewhat  longer  period  of  time  than  that  at 
Iluntingtonville,  but  the  figures  are  not  at  present  available.       * 


Daily  gaffe  - 

hjdght 

,  in  feet,  of  Black  River  at  HuntingtonmUe  dai 

n,for 
Nov. 

1897. 

Day. 

Feb. 

Mar. 

Apr. 

May. 

Jime. 

Jnly. 

Aag. 

Sept. 

Oct. 

Dec 

1 

8.00 

4.20 
4.28 
4.40 
4.48 
4.90 
6.08 
6.22 
6.48 
6.60 
6.60 
6.40 
5.05 
4.76 
4.64 
4.70 
4.88 
6.07 
6.15 
5.24 
5.18 
6.24 
6.16 
4.95 
4.82 
6.13 
6.68 
5.80 
6.07 
6.01 
5.41 

6.01 
4.83 
4.66 
4,41 
4.68 
4.40 
4.43 
4.12 
8.83 
8.59 
3.60 
3.45 
8.47 
3.63 
4.06 
4.23 
4.10 
8.95 
8.72 
8.64 
3.46 
3.61 
3.66 
3.44 
3.47 
&90 
4.13 
4.08 
8.92 
8.85 
8.80 

8.78 
3.68 
3.40 
8.67 
8.72 
&66 
8.49 
8.40 
3.30 
4.05 
4.48 
4.54 
4.43 
4.08 
8.73 
3.66 
3.44 
8.81 
8.18 
3.10 
3.33 
8.63 
3.89 
3.23 
3.07 
2.99 
2.89 
2.99 
2.89 
2.87 

2.89 
2.88 
2.98 
2.85 
2.79 
2.71 
2.98 
2.76 
2.78 

2.n 

2.64 
2.67 
2.82 
2.69 
2.95 
2.99 
2.96 
2.90 
2.87 
2.JB9 
2.90 
2.86 
►  2.76 
2.70 
2.60 
2.90 
2.87 
2.85 
8.00 
8.28 
8.30 

3.20 
8.16 
a  15 

aoB 

2.85 
2.79 
2.  TO 
2.49 
2.64 
2.70 
3.00 
4.63 
4.74 
4.40 
3.75 
3.42 
8.20 
8.30 
8.44 
&28 
8.08 
2.91 
2.89 
2.74 
2.63 
2.06 
2.67 
2.44 
2.84 
1.97 
.68 

1.28 

.95 

1.26 

1.44 

1.14 

1.65 

1.65 

1.55 

1.49 

1.47 

1.23 

.TB 

.71 

.80 

.36 

.00 

1.25 

1.40 

1.06 

1.28 

1.18 

1.33 

1.38 

1.26 

1.25 

1.80 

1.30 

1.66 

1.68 

.38 

0.86 

.87 

.02 

.10 

.18 

.10 

.08 

.02 

.44 

.63 

.10 

.35 

1.68 

2.92 

3.00 

3.45 

2.83 

2.9B 

2.95 

2.88 

2.83 

2.80 

2.79 

2.00 

2.88 

2.77 

2.79 

2.83 

2.75 

2.76 

2.73 

2.68 
2.84 
8.21 
8.60 
&42 
9.2b 
3.20 
3.34 
3.85 
3.66 
4.02 
4.  OB 
4.16 
8.ttS 
3.82 
3.63 
3.96 
4.23 
4.24 
8.90 
3.60 
8.73 
8.67 

&a5 

8.25 
a74 
4.90 
6.13 
6.28 
4. 92 

( 
4.63    • 

2 

4.40    1 

3 

» 

3w57    1 

4 

&46    1 

5 

..  . 

a38 
8.68 
8.69 
8.74 
8.80 
3.98 
4.86 
4.48 
4.58 
4.60 
4.35 
4.20 
4.00 
3.90 
8.88 
4.38 
5.20 
6.10 
6.48 
6.48 
6.10 
5.70 
6.45 
4.88 
4.48 
4.30 
4.30 

a.  75 

6 

4.10 

7 

4.  as 

8 

4.31 
4.3ft 
4.40 
4. 77 
4.83 
4.70 
4.00 
4.73 

9 

10 

11 

12 

13 

14 

15 

16 

4.91 

17 

5.00    1 

18 

4.»    > 

19 

4.46 

20 

375 

21 

8.68 

22 

3.10 
3.10 
3.60 
3.25 
3.75 

aoB 

23 

3.66     1 

24 

25 

26 

3.50 
a43 

a  47 

27 

aa»  1 

28 

a  as 

29 

ass 

30 

aao 

31 

a23 

Daily  gage  heiffht^  in  feci 

J,  of  Black 

River  at  HuntingtonviUe  dam 

t,  for 

1898. 

Day. 

Jan. 

a  21 
a  89 
a  28 

a  80 
a  34 
aao 
a  25 
a  16 
a  25 
a  23 
a  23 
a  22 
a  63 

4.00 
4.10 
4.04 

a  90 
a  88 
a  78 
a  75 

4.00 
4.85 
4.86 
4.4B 
4.43 
4.32 
4.12 
a  90 
a  74 

a  60 
a  60 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Ang. 

2.95 
a  16 
2.96 
a  08 

a  10 
a26 
a  20 
a  16 

a  01 

2.95 
2.96 

2.96 

a  06 
a  02 

2.70 

a  01 

2.90 
2.86 
2.88 
2.87 
2.88 
2.81 
2.05 
a  85 
a  60 
a  66 

a  66 
a  68 
aso 
aio 
ao6 

Sept 

Oct. 

Nov. 

Dec. 

1 

2 

a  65 

a  60 
a  57 
a  60 
a  65 
a  45 
a  50 
a6c 
a  45 
a  40 
a  68 

4.66 
4.93 
4.75 
4.65 
4.30 
4.05 
a  00 
a  80 

a  73 
a  86 
a  91 
a  89 
a  80 
a  60 
a  60 
a  66 
a  66 

a  40 
a  60 
a  40 
a  40 
a  85 
a  35 
a  35 
a  37 
a  62 
a  76 

4.68 
6.76 
6.76 
7.60 

a  10 

7.65 
6.70 
6.20 
6.00 
5.74 
6.83 
6.97 
6.87 
6.56 
6.18 
4.96 
4.65 
4.48 
4.51 
4.76 
4.88 

4.76 
4.59 
4.20 
a  90 
a  80 

aso 
a  76 
a  73 
a  65 
a  63 
a  63 
a  66 
a  61 
a  63 
a  60 
aso 
a  48 
a  38 
a  48 
a  58 
a  86 
a  99 

4.25 
4.63 
4.78 
6.09 
6.33 
6.24 
4.86 
4.40 

4.08 
a  73 
a  78 

a  88 
aso 

4.13 
4.08 

a  75 
a  66 
a  60 
a  45 
a  28 
a8o 
a  86 
a  72 
a  51 
a  60 
a  42 
a35 
a  48 
a  68 
a  63 
a  44 
a  48 
a  65 
a  68 
a  85 
a  96 
a  73 
a  60 

8.66 

a  65 
a  42 

a  81 
a  23 
a  21 
a  14 
a  18 
a  05 

2.96 

a  01 
an 
a  03 
a  05 
a  28 
a  86 
a  81 
a  23 
ai3 

2.97 

a  25 
a  36 
aso 
a  28 
a  18 
a  05 
a  00 

2.98 

a  05 
a  04 
a  06 

a  00 

ao4 

2.84 
2.80 
2.96 
2.94 
2.96 
2.91 
2.88 
2.76 
2.82 
2.90 
2.90 
2.80 
2.90 
2.90 
2.88 
2.90 
a  00 
2.07 

aoo 
aoo 
aoo 

2.87 

a  08 
aao 
a  20 
a  06 
aoo 
a  OB 
a  12 

a  01 
aoo 

2.96 
2.46 

a  05 
a2s 
a  19 
a2o 
a  28 
a  28 
aio 
ail 
a  08 

2.88 
2.90 
2.86 
2.84 
2.62 
2.80 
2.81 
2.96 
2.92 
2.86 

aio 

a64 

a68 
a66 
a48 
a89 
ass 

a  14 

2.01 
2.94 
2.96 

aoB 
a66 
a  70 
a  68 
a  27 
a28 
a  19 
aoo 
ao8 
ai6 
a  68 
a  77 

4.  OB 

ass 
a  62 
a  68 
ass 
a  61 

4.  OS 
4.81 
4.08 

a  98 

4.88 
4.60 
4.67 
4.86 

aoo 

a  66 
a68 

aso 
a43 
a  40 
a37 
ass 
a6o 
a  60 
aoo 

4.96 
6.15 
&13 

ao6 

4.78 
4.48 
4.06 

am 
aTO 
asi 
aTi 
an 
a  68 
a7i 
a66 
a48 
a  18 
asi 
aa 
aso 

3.48 
3.45 
Sw45 
3.38 
3.40 
3.a8 
3.28 
3.23 
8.18 
3.19 
8.13 
8.S8 
S.S 

aa5 

8.25 
8.86 
3.30 
8.26 
8.88 
8.38 
8.88 
&48 

ass 

4.84 
4.80 
4.28 
4.00 

an 
aos 
a88 

4.U 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 
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Daily  gage  height,  in  feet,  of  Black  River  at  HuntingtonvUle  dam,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

Dec. 

1.... 

8.96 

8.28 

8.79 

8.96 

6.71 

3.65 

8.10 

2.88 

2.89 

2.88 

3.88 

2.98 

2.... 

3.91 

8.83 

3.70 

8.88 

6.48 

3.48 

2.91 

2.90 

8.01 

2.88 

8.75 

2.99 

8.-.. 

8.74 

3.81 

&e9 

8.86 

6.20 

8.88 

2.90 

2.95 

2.70 

3.10 

8.93 

8.06 

4/... 

8.80 

aao 

8.72 

8.79 

5.99 

3.23 

2.88 

2.90 

2.95 

8.06 

8.69 

8.38 

6.... 

5.88 

8.80 

8.88 

8.80 

5.70 

8.18 

3.07 

2.83 

2.60 

2.98 

8.69 

8.32 

6..-. 

6.25 

8.30 

4.28 

8.91 

5.20 

8.90 

3.09 

2.78 

2.90 

2.91 

8.63 

3.18 

7-... 

6.05 

8.80 

4.48 

4.06 

4.79 

3.18 

8.15 

2.80 

2.85 

2.91 

3.43 

8.10 

8.... 

6.06 

8.80 

4.82 

4.65 

4.21 

8.18 

8.10 

2.85 

2.91 

2.73 

8.25 

3.00 

9.... 

4.80 

a80 

4.21 

4.92 

8.95 

3.05 

2.98 

2.90 

2.93 

2.92 

8.24 

2.90 

10.... 

4.68 

8.29 

4.06 

4.96 

3.88 

8.13 

8.26 

2.88 

2.91 

2.83 

8.10 

2.95 

11.... 

4.80 

8.25 

8.95 

5.09 

8.78 

3.00 

3.60 

2.76 

8.00 

2.88 

8.08 

3.18 

12.... 

4.06 

8.20 

4.24 

6.43 

8.88 

3.13 

3.85 

2.78 

2.73 

2.80 

2.03 

4.15 

13.... 

8.98 

8.38 

4.96 

5.51 

3.88 

3.05 

3.21 

2.75 

3.06 

2.81 

3.09 

4.98 

U.... 

8.90 

8.38 

4.90 

6.71 

8.70 

3.05 

8.18 

2.76 

2.70 

2.81 

2.96 

4.98 

B.... 

4.11 

8.38 

4.84 

5.90 

8.60 

2.96 

8.  OB 

2.92 

2.74 

2.81 

8.00 

4.88 

16.... 

4.89 

8.35 

4.66 

6.01 

3.63 

3.10 

2.91 

2.95 

2.98 

2.74 

8.06 

4.35 

17.... 

4.41 

3.37 

4.60 

6.06 

8.65 

3.10 

2.87 

2.98 

2.78 

2.90 

8.10 

3.53 

18.... 

4.80 

3.89 

4.40 

6.06 

8.83 

3.10 

2.90 

3.16 

8.00 

2.80 

8.10 

3.n 

19.... 

4.25 

8.25 

4.25 

6.17 

8.63 

3.18 

3.06 

2.90 

2.96 

2.92 

2.98 

4.11 

20.... 

8.66 

8.80 

4.00 

6.61 

8.85 

3.05 

2.88 

2.75 

2.75 

2.94 

2.05 

4.30 

21.... 

8.84 

3.88 

4.10 

7.18 

4.06 

3.00 

2.88 

2.68 

2.80 

2.83 

3.01 

4.55 

22... . 

8.78 

8.42 

4.00 

7.64 

4.01 

3.00 

2.90 

2.00 

2.98 

2.63 

2.98 

4.60 

28.... 

8.68 

8.61 

4.10 

7.71 

8.86 

3.00 

2.89 

2.85 

2.75 

2.90 

2.93 

4.20 

24.... 

8.60 

8.76 

4.20 

7.72 

3.77 

3.05 

3.00 

2.83 

2.70 

2.88 

2.99 

4.10 

26.... 

8.66 

8.76 

4.17 

7.70 

8.69 

3.02 

3.05 

8.01 

2.99 

2.93 

2.95 

4.00 

26.... 

8.60 

8.66 

4.18 

7.72 

8.44 

3.08 

2.96 

2.95 

2.05 

2.95 

2.79 

3.60 

27.... 

8.60 

a75 

4.08 

7.62 

3.46 

3.13 

2.92 

2.88 

2.99 

2.05 

2.94 

3.48 

28.... 

8.48 

3.78 

8.98 

7.61 

8.48 

3.05 

2.94 

2.84 

2.90 

2.95 

2.90 

3.40    , 

29.... 

8.30 

4.10 

8.94 

7.34 

8.42 

2.98 

2.82 

2.86 

2.99 

2.93 

2.98 

3.38    1 

80.... 

3.40 

4.10 

4.08 

7.06 

8.73 

8.05 

2.65 

2.90 

3.(18 

3.08 

2.86 

3.38 

81.... 

8.84 

8.97 

3.76 

2.68 

2.88 

3.28 

3.23    1 

1 
1 

ST.    LAWRENCE  RIVER  NEAR  MONTREAL,  CANADA. 

St.  Lawrence  River  receives  the  outflow  of  the  Great  Lakes,  and, 
discharging  northeasterly,  is  joined  by  Ottawa  River  near  the  city 
of  Montreal.  About  50  miles  below  Montreal  the  river  widens  into 
what  is  known  as  Lake  St.  Peter.  At  the  upper  end  of  this  lake 
is  the  town  of  Sorel,  at  which  is  one  of  the  imjwrtiant  gages  for 
recording  the  height  of  the  stream.  The  discharge  of  the  river 
has  been  measured  at  a  point  about  40  miles  below  Montreal  and 
a  mile  below  the  wharf  at  the  town  of  Lanoraie,  this  place  being 
chosen  because  of  the  excellent  form  of  the  channel.  The  width  of 
the  river  here  is  between  3,000  and  3,300  feet,  and  the  depth  at  low 
stages  about  40  feet.  The  first  measurement  was  made  by  Mr.  W. 
J.  Sproule,  under  the  direction  of  the  Montreal  Flood  Commission, 
by  means  of  rod  floats,  on  November  9  and  13, 1886.  At  that  time  the 
height  of  water  was  11  feet  9  inches  on  the  flats  of  Lake  St.  Peter. 
The  area  of  cross  section  was  115,298  square  feet,  and  the  discharge 
311,101  second-feet.^  The  next  measurements  were  made  by  Prof. 
C.  H.  McLeod,  of  McGill  University,  Montreal,  on  November  13  and 
14, 1895.  At  that  time  the  water  was  8  feet  9  inches  in  depth  on  the 
flats  of  Lake  St.  Peter,  the  area  was  105,432  square  feet,  and  the  dis- 
charge 215,621  second-feet.  The  lowest  water  of  that  year  (1895)  oc- 
curred in  the  latter  part  of  October  and  early  in  November,  the  water 
level  being  at  the  time#of  measurement  7  inches  above  the  lowest 


^Diacharge  of  the  St.  Lawrence  River,  by  Prof.  C.  H.  McLeod:  Trans.  Can.  Hor..  Civil  Engri- 
neem,  VoL  X,  Part  1, 1886,  p.  128. 
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point  previously  recorded.  It  is  estimated  that  at  the  lowest  stage  of 
that  year,  which  is  the  lowest  on  record,  the  cross  section  was  reduced 
about  2  per  cent,  and  the  discharge  was  estimated  to  have  been  196,000 
second-feet. 

On  October  23  and  24,  1896,  another  measurement  was  made  by 
Professor  McLeod,  giving  an  area  of  cross  section  of  117,500  square 
feet  and  a  discharge  of  258,500  second-feet.  At  this  date  the  depth  of 
water  on  the  flats  of  Lake  St.  Peter  was  10  feet  and  7  inches.  iVlI 
•  depths  on  these  flats  have  been  obtained  by  reduction  from  the  zero 
readings  taken  on  the  gage  at  Sorel,  the  zero  of  which  is  said  to  cor- 
respond to  9  feet  6  inches  below  the  level  of  the  flats,  and  to  +0.05  on 
Steikel's  datum,  as  noted  in  the  Reports  of  the  Public  Works  Depart- 
ment, Canada,  for  1890-01.  The  height  of  water  at  this  section  is 
known  to  be  influenced  slightly  by  the  tides,  but  the  effect  on  the  dis- 
charge has  not  been  investigated. 

The  discharge  of  Ottawa  River  was  measured  on  September  27  and 
28,  1809,  at  a  point  about  2  miles  below  the  dam  at  Carillon.  The 
cross  section  measured  50,000  square  feet  and  the  discharge  39,600 
second-feet.  At  the  time  of  the  measurement  the  I'cading  of  the  gage 
at  Lock  No.  1  of  Carillon  Canal  gave  12.0  feet  on  the  lower  silL 

'   *^-  MISSISSIPPI  RTVBR  AT  ST.  PAUL,  MINNESOTA. 

Measur\::.'5ments  of  discharge  of  the  Mississippi  River  at  St.  Paul, 
below  the  mouirJl.of  the  Minnesota  River,  have  been  made  for  a  num- 
ber of  years  by  the  ^fecaneer  Corps  of  the  United  Statt^s  Army.  The 
object  of  the  measuremeihsts  is  the  determination  of  the  effect  of  the 
reservoirs  at  the  head  of  thelSlississippi  River  in  maintaining  deep  or 
navigable  water  during  the  per^xis  of  drought.  Measurements  and 
computations  of  the  amount  of  ^ter  discharged  from  reservoirs  at 
such  seasons  are  made  and  compa^lg^s  ^^  ^i^^  ^^^  behavior  of  the 
river  at  St.  Paul  and  lower  places.  O^ervations  of  river  height  are 
made  at  the  United  States  Weather  Bml^Ji  ga^^  located  on  a  wharf 
near  the  foot  of  Jackson  street.  The  zerool"  ^^^^  ^^^  ^^  **  ^^  ^^^^'*" 
tion  of  683.334  feet.  The  measurements  arJ^«^®  ^^^  *  ^**'  ^^  * 
section  about  halfway  between  Wabash  stref  ^'  bridge  and  Robert* 
street  bridge,  in  the  city  of  St.  Paul.  Every  t^®  *  series  of  observa^ 
fions  are  made  two  wires  are  stretched  across  thll^^®''  parallel  to  each 
other  and  at  a  distance  of  13  feet  apart.  Upon  thtJ^^^P^®^^^^  ^^ 
measurement  the  wires  are  reeled  up  separat^lv  af^  apparatiUB  pe 
cially  constructed  for  the  purpose,  as  it  is  imposlf  .      •      , 

permanent  cables  across  the  river,  on  account  of  ^^^''"^  ^^^ 
igation.     The  bridges  in  the  city  are  too  high  for  sam^^      !"?  ^  gu. 
Records  of  height  are  maintained  by  the  United  StatesV_  ^^     *    j,,, 
reau  and  are  furnished  to  this  office.     Results  of  measii^^^  x\"  naire 
be  found  as  follows:  1897,  Nineteenth  Annual  Report,  1-  "^* 
267;  1898,  Twentieth  Annual  Report,  Part  IV,  page  230. 
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Da^y  gctge  height,  in  feet,  of  Mississippi  River  at  St  Paul,  Minnesota,  for  1899,  ^ 


Day. 
1... 

Jan. 

Feb. 

Mar. 

Apr. 
Frozen. 

May. 
6.4 

June. 
6.7 

July. 
8.7 

Aug. 

Sept. 

Oct. 
4.4 

Nov. 

J--'OC» 

Fros6ii. 

Frozen. 

Frosen. 

4.0 

7.5 

7.3 

4.7 

2... 

....do.. 

...do.. 

....do.. 

....do.. 

6.6 

6.6 

8.7 

3.8 

7.2 

4.3 

7.1 

4.7 

3... 

— do.. 

....do.. 

....do.. 

do.. 

6.8 

7.7 

8.6 

8.7 

6.9 

4.2 

7.0 

4.6 

4... 

...do.. 

....do.. 

....do.- 

....do.. 

7.0 

8.2 

8.3 

3.7 

6.7 

4.2 

6.8 

4.5 

5... 

...-do.. 

....do.. 

-..do-. 

...do.. 

7.1 

8.6 

8.0 

8.6 

6.4 

4.2 

6.7 

4.2 

6... 

...do.. 

...do.. 

do.. 

....do.. 

7.2 

8.7 

7.8 

3.6 

6.2 

4.1 

6.6 

3.2 

7... 

...do.. 

....do.. 

....do.- 

— do.- 

7.6 

9.2 

7.6 

3.6 

6.2 

4.1 

6.6 

2.6 

8... 

...do- 

....do.. 

....do.. 

6.0 

7.6 

9.6 

7.3 

3.6 

6.1 

4.1 

6.4 

2.5 

9... 

...do.. 

:..-do.. 

.w.-do.. 

6.9 

7.6 

9.7 

7.0 

3.6 

6.9 

4.0 

6.2 

3.2 

10... 

..-.do.. 

....do.- 

do.. 

7.4 

7.2 

9.8 

6.8 

3.7 

6.8 

4.0 

6.1 

4.2 

11... 

....do.. 

....do.. 

....do.. 

7.6 

8.9 

9.9 

6.5 

3.T) 

6.7 

4.0 

6.0 

4.6 

12... 

—  do.. 

....do.. 

....do.. 

8.1 

6.7 

9.7 

6.2 

4.0 

6.7 

4.1 

6.0 

4.4 

18... 

....do.. 

....do.. 

....do.. 

9.8 

6.6 

9.9 

6.0 

4.1 

5.7 

4.1 

6.9 

Frozen. 

14... 

....do.. 

....do.. 

....do.. 

10.6 

6.2 

10.0 

6.9 

3.8 

6.6 

4.3 

6.8 

Do. 

15... 

....do.. 

....do.. 

-...do.. 

10  3 

6.1 

10.3 

6.9 

3.8 

6.6 

4.4 

6.7 

Do. 

16... 

do.. 

....do.. 

....do.- 

10.4 

6.0 

10.6 

6.0 

3.8 

6.6 

4.6 

5.6 

Do. 

17... 

....do.. 

....do. 

....do.. 

10.4 

6.1 

10.6 

6.7 

4.0 

6.6 

6.3 

6.6 

Do. 

18... 

....do.. 

....do.. 

....do.. 

10.4 

6.1 

10.8 

6.4 

4.0 

6.3 

6.8 

6.4 

Do. 

19... 

....do.. 

....do.. 

....do.. 

10.1 

6.0 

10.9 

6.2 

4.0 

6.2 

6.7 

6.4 

Do. 

80... 

....do.. 

....do.. 

....do.. 

9.6 

6.9 

10.9 

6.1 

4.3 

6.1 

7.6 

6.8 

Do. 

21... 

...do.. 

....do.. 

....do.. 

8.8 

6.9 

10.9 

6.0 

4.6 

6.0 

8.0 

6.2 

a4.8 

22... 

....do.. 

....do.. 

...-do.. 

8.0 

6.9 

11. 0 

6.0 

6.8 

5.0 

8.4 

6.1 

a4.8 

23... 

.-.do.. 

...do.. 

-...do.. 

7.4 

6.9 

11.0 

6.0 

6.6 

6.0 

8.7 

6.0 

at8 

24... 

...-do.. 

....do.. 
....do.. 
....do.. 

....do.. 
....do.. 
....do.. 

7.0 
6.7 
6.5 

6.8 
6.8 
6.8 

10.9 
10.7 
10.3 

4.8 
4.7 
4.6 

8.0 
8.7 
8.8 

5.0 
4.9 
4.9 

8.8 
8.7 
8.6 

6.0 
6.0 
6.0 

a4.8 
a4.8 
a4.8 

26... 

..-.do.. 

28... 

—.do.. 

27... 

....do.. 

....do.. 

do.. 

6.3 

6.7 

9.9 

4.6 

8.7 

4.8 

8.2 

4.9 

a4.8 

28... 

....do.. 

....do.. 

....do.. 

6.1 

6.8 

9.6 

4.3 

8.6 

4.8 

8.0 

4.9 

a4.8 

29... 

....do.. 

....do.. 

6.1 

1:? 

9.2 

4.2 

8.3 

4.7 

7.8 

4.8 

a4.6 

30... 

....do.. 

-...do.. 

6.2 

8.8 

4.1 

8.0 

4.5 

7.6 

4.8 

a4.6 

31... 

....do.. 

....do.. 

■  >v*   -    m  m  m.  m 

6.7 

4.0 

7.7 

• 

7.4 

a4.6 

lit  I 


a  Estimated. 
WEST  GALLATIN  RIVER  AT  SALESVILLE,   MONTANA. 

This  stream  has  its  source  in  the  northwestern  corner  of  Yellow- 
stone National  Park  and  flows  in  a  northerly  direction,  joining  Madi- 
son and  Gallatin  rivers  near  Threeforks  to  form  the  Missouri  River.  - 
The  upper  75  miles  of  its  course  is  in  a  canyon  the  scenery  of  which 
rivals  many  of  the  noted  canyons  of  Yellowstone  National  Park.  Sur- 
veys for  a  road  up  this  canyon  have  been  made  in  order  to  reach  the 
road  system  that  the  Government  has  built  in  the  park,  but  the  plans 
have  not  yet  been  carried  out.  About  10  miles  above  Salesville,  Mon- 
tana, the  river  leaves  its  canyon  and  enters  the  Gallatin  Valley,  which 
has  an  extent,  in  round  numbers,  of  1,200  square  miles.  This  area  has 
been  noted  for  a  number  of  j'ears  for  its  fertility;  immense  crops  of 
hay  and  cereals  are  yearly  matured  here.  The  land  is  irrigated  from 
canals  taken  from  the  Gallatin  River  and  a  number  of  tributaries, 
including  Middle  Creek,  Bozeman  Creek,  and  East  Gallatin  River. 
On  certain  bench  lands  against  the  sides  of  the  surrounding  moun- 
tains dry  farming  is  practiced,  or,  in  other  words,  crops  are  raised 
without  irrigation.  Two  gaging  stations  are  maintained  on  this  river, 
one  near  Salesville  and  the  other  at  Logan,  near  its  mouth.  The 
Salesville  station,  which  has  been  maintained  for  a  number  of  years, 
is  located  at  the  highway  bridge  crossing  the  stream  about  5  miles 
south  of  Salesville.  Eleinschmidt  ditch,  having  a  capacity  of  75  second- 
feet  but  carrying  of  late^ears  not  over  40  second-feet,  diverts  wat«r 
.from  the  river  above  the  station.     A  gage  rod  was  erected  in  1895  and 
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spiked  to  u  tree;  in  1806  a  wire  gage  was  placed  on  the  bridge,  and  the 
two  gages  made  to  read  the  same.  The  bench  mark  is  the  head  of  the 
southwest  bolt  in  the  rim  of  the  southeast  cylindrical  pier,  and  its 
elevation  is  13.70  feet  above  gage  datum.  The  observer  is  Ira  T. 
Williams,  of  Salesville,  Montiana.  The  results  of  discharge  measure- 
ments are  shown  as  follows:  1896,  Eighteenth  Annual  Report,  Part 
IV,  page  126;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  276; 
1898,  Twentieth  Annual  Report,  Part  IV,  page  241.  The  following 
measurements  were  made  under  the  supervision  of  Samuel  Fortier 
during  1899: 

March  21,  gage  height,  2.90  feet;  discharge,  474  second-feet. 
April  6,  gage  height,  2.80  feet;  discharge,  766  second-feet. 
April  13,  gage  height,  8.25  feet;  discharge,  719  second-feet. 
May  1,  gage  height,  3.40  feet;  discharge,  880  second-feet. 
May  9,  gage  height,  4.00  feet;  discharge,  1,056  second-feet. 
Jane  10,  gage  height,  5.35  feet;  discharge,  2,607  second-feet. 
August  80,  gage  height,  8.88  feet;  discharge,  711  second-feet. 

D(iily  gage  lieightt  in  feet,  of  West  Oallatin  River  at  ScUesviUe,  Montana,  for  1S99. 


Day. 

Jan. 

3.10 
3.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.10 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aujf. 

Sept. 

Oct.     Nov. 

1 

Dec 

1 

2.70 

3.80 
3.20 
3.10 
3.20 
3.30 
3.40 
3.60 
3.70 
3.90 
3.90 
4.00 
4.10 
4.00 
3.90 
3.90 
3.90 
3.85 
3.80 
3.80 
3.80 
3.90 
4.15 
4.30 
4.50 
4.55 
4.65 
4.55 
4.50 
4.60 
4.65 
4.70 

4.70 
5.10 
5.50 
6.10 
5.65 
5.00 
6.00 
4.»5 
5.05 
4.30 
5.70 
6.05 
6.15 
6.50 
6.95 
7.05 
7.25 
7.(iO 
8.10 
8.55 
8.10 

7.:r) 

6.70 
i    6.90 
7.00 
7.10 
7.20 
7.30 
7.30 
7.5» 

7.30 
7.30 
7.30 
7.30 
7.20 
7.20 
7.10 
7.05 
7.00 
0.95 
6.85 
6.75 
6.45 
6.25 
5.95 
5.75 
5.55 
5.40 
5.80 
5.30 
5.30 
5.20 
5.10 
5.00 
5.00 
4.00 
4.85 
4.80 
4.70 
4.70 
4.60 

4.60 

4.50 

4.50 

4.50 

4.50 

4.40 

4.40 

4.35 

4.30 

4.80 

4.20 

4.20 

4.20 

4.10 

4.10 

4.10 

4.10 

4.10 

4.10 

4.10 

4.00 

3.90 

3.9r) 

3.90 

3.90 

3.90 

3.90 

3.00 

3.80 

3.80 

8.80 

3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.60 
3.60 
8.60 
3.60 
3.00 
8.60 
3.60 
3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.50 
3.50 
3.50 
3.50 

3.50 
3.50 
8.50 
3.50 
3.50 
8.50 
3.50 
8.50 
3.50 
3.60 
3.50 
3.53 
8.50 

2 

2.80 
2.80 
2.80 
2.80 
2.80 
2.W 
3.20 
3.30 
3.30 
3.^)0 
3.a) 
3.:» 
3.10 
3.10 
3.30 
3.10 
3.00 
3.00 
3.00 
3.10 
3.20 
3.30 
3.30 
3.30 
3.40 
3.50 

3.:«) 

3.30 
3.30 

3.;w 

3 

&10 

4 

6 

6 

3.10 

2.90 

8.60 

t    . 

::::::  ::  -  i 

•  8 

9 

2.90 

10 

3.10 

11 

12 

3.10 

2.90 

3.60 

13.  ... 

14 

8.60  '       '      ! 1 

15 

3.04 

3.50 
3.5J 
3.50 

1« 

17 

2.90 

a4io 

18 

8. 5 »    

19 

20 

3.00 

3.00 

2.90 

3.50 
3.60 
3.50 

3.50' 

21 

22 

3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

23 

3.50 

24 

2.90 

3  ai 

25 

26 

2.90 

"2.'96 

1 

27 

....  . , , .  1 
1 

28 

29 

2.80 

1 

30 

31 

2.  HO 

— .( 

1 

1 

MIDDLE   CREEK  NEAR  BOZEMAN,   MONTANA. 

This  creek,  a  tributary  of  East  Gallatin  River,  has  its  source  on 
the  northern  slope  of  the  Gallatin  Range.  Although  it  drains  a  smaU 
area,  it  is  an  important  stream,  on  account  of  its  water  supply,  which 
is  used  for  irrigation  purposes  in  the  vicinity  of  Bozeman.  The  sraging 
station  is  located  9  miles  south  of  Bozeman  and  one-eighth  of  a  mile 
above  the  old  sawmill  dam  in  the  creek  canyon.  Discharge  measure- 
ments are  made  from  a  wire  cable  placed  across  the  sti'eam  in  1898. 
The  gage  is  about  200  feet  below  the  cable,  and  consists  of  a  hori- 
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zontal  frame  supporting  a  wire  gage.  Bench  mark  No.  1  consists 
of  a  spike  driven  horizontally  into  a  stump  5  feet  high  about  80  feet 
east  of  the  gage  rod.  The  middle  of  this  spike  is  at  an  elevation  of 
7.03  feet  above  gage  datum.  Bench  mark  No.  2  consists  of  an  8-inch 
bridge  spike  driven  horizontally  into  a  charred  stump  about  25  feet* 
northeast  of  the  gage,  with  an  elevation  of  3.58  feet.  Bench  mark 
No.  3  consists  of  a  large  rock  93  feet  east  of  the  gage,  marked  ''  B.  M." 
in  black  paint,  and  is  4.84  feet  above  gage  datum.  Results  of  dis- 
charge measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  128;  1898,  Twentieth  Annual  Report, 
Part  lY,  page  243.  The  following  measurements  were  made  under 
the  direction  of  Samuel  Fortier  during  1899: 

Measurements  of  Middle  Creek  near  Bozeman,  Montana, 


ItflW. 

Mar.  14 

Apr.  4 

Apr.  12 

May  7 

June  16 


Gage 
height. 

Dis- 
charge. 

Feet 

Sec-feet. 

0.05 

78 

.06 

86 

.06 

79 

.10 

tfS 

.90 

361 

1890. 

Jane  28 

July? 

July  18 

Jaly*^6 

Aag.  26 


Gage 

height 

Dis- 
charge. 

JVc«. 

Sec-feet. 

1.20 

426 

.96 

440 

.80 

384 

.60 

246 

.15 

77 

Daily  gage 

height 

',  in  feet y  of  Middle  Creek  at  Bozeman,  Montana,  for  1899. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

1 

0.70 

1.20 

1.10 

1.70 

1.00 

.80 

.70 

.60 

.70 

.85 

1.10 

1.20 

.90 

.80 

.80 

1.10 

1.50 

1.60 

1.60 

1.70 

1.60 

1.40 

1.60 

1.00 

1.35 

1.85 

1.35 

1.15 

1.50 

1.30 

1.30 

1.10 

1.00 

.95 

1.00 

1.00 

.95 

1.10 

1.00 

1.20 

1.00 

.95 

.90 

.85 

.80 

.80 

.80 

.80 

.96 

.86 

.75 

.60 

.55 

.50 

.65 

.60 

.60 

.50 

.50 

.45 

.40 

0.40 
.40 
.40 
.40 
.40 
.35 
.40 
.35 
.35 
.30 
.30 
.30 
.30 
.25 
.20 
.20 
.20 
.20 
.20 
.20 
.15 
.15 
.15 
.15 
.16 
.15 
.10 
.10 
.10 
.10 
.10 

0.10 
.10 
.13 
.10 
.10 
.10 
.10 
.10 
.10 
.08 
.08 
.05 
.05 
.05 
.05 

"".'64" 
.04 
.03 
.01 
.01 
.01 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00* 
.05 
.00 
.00 
.00 
.00 
.00 
.08 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

2 

8 

-0.26 

4 

6 

6 

-0.16 

7 

-0.06 

0.20 
.20 
.28 
.40 
.60 
.48 
.35 
.80 
.20 
.28 
.30 
.28 
.80 
.28 
.25 
.23 
.30 
.68 
.70 
.65 
.60 
.70 
.70 
.50 
.70 

8 

9 

-  .10 

10    

11 

12 

.00 

13 

-  .08 

-  .08 

14 

15 

16 

17 

-  .10 

18 

19 

20 

21 

22 

23 

-  .60 

-  .05 

24 

-  .10 

25 

26 

27 

28 

-  .75 

-  .08 

29 

30 

-  .10 

—  .06 

31 

GALLATIN  RIVER  AT   LOGAN,   MONTANA. 

The  main  Gallatin  River  is  formed  by  the  junction  of  the  East  and 
West  Gallatin  rivers  5  miles  above  Logan.     The  wire  gage  is  located 
on  the  east  span  of  the  railroad  bridge.     Bench  mark  No.  1  is  the  top 
IBE  36 7 
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of  the  northeast  corner  of  the  iron  plate  at  foot  of  diagonal  end  mem- 
ber of  truss  east  end  upper  side,  and  is  13.70  feet  above  datum. 
Bench  mark  No.  2  consists  of  the  head  of  a  bridge  spike  driven  ver- 
tically into  the  top  of  a  pile  stump,  to  which  the  lower  end  of  the  old 
incline  gage  is  fastened;  it  is  0.162  foot  above  gage  datum.  Dis- 
charge measurements  are  made  from  the  cable  across  the  river  3ii<) 
feet  above  the  railroad  bridge,  and  show  the  amount  of  water  avail- 
able after  the  diversion  as  above.  The  section  is  a  good  one,  the 
channel  being  straight  for  some  distance  above  and  below  the  gaging 
cable.  The  results  of  measurements  are  published  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  129;  1897,  Nineteenth 
Annual  Report,  Part  IV^  page  278;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  240.  The  following  measurements  were  made  under 
the  direction  of  Samuel  Fortier  during  1899 : 

March  18,  gage  height,  1.00  foot;  discharge,  580  second-feet. 
April  9,  gage  height,  1.90  feet;  discharge,  1,120  second-feet. 
April  24,  gage  height,  1.60  feet;  diBcharge,  1,089  second-feet. 
May  22,  gage  height,  2.20  feet;  discharge,  1,786  second-feet. 
July  14,  gage  height,  3.00  feet;  discharge,  1,079  second-feet. 
Jnly  30,  gage  height,  1.90  feet;  discharge,  760  second-feet 

Daily  gage  height,  in  feet ,  of  CkUlatin  River  at  Logan,  Montana,  for  1899, 


Day. 

Mar. 

1 

.  2 

3 

4 

5 

6 

1.00 

7 

1.20 

8 

1.35 

9 

1.45 

10.... 

11 

1.25 

1.10 

12 

1.00 

13 

1.00 

U 

1.00 

16 

1.00 

16 

1.00 

17 

1.00 

18 

1.00 

19 

1.00 

20 

1.00 

21 

1.10 

22 

1.10 

28 

1.10 

24 

1.20 

25 

1.50 

28 

1.35 

27 

1.30 

28 

1.10 

29 

1.00 

30 

1.00 

81 

1.00 

Apr. 


May.     June 


Jaly. 


1.00 
1.00 
1.00 
1.15 
1.05 
1.40 
1.80 
1.95 
2.65 
3.25 
2.85 
8.10 
2.70 
2.40 
1.85 
2.15 
2.00 
1.90 
1.80 
1.80 
1.50 
1.75 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1.50 
1.60 
1.50 
1.50 
1.60 
1.55 
1.60 
1.65 
1.85 
2.20 
2.35 
2.45 
2.60 
75 
80 


2 
2 
2 

2 

2 

1 


75 
80 
55 
00 
90 
1.90 
2.06 
2.15 
2.45 
2.75 
2.90 
2.90 
2.90 
2.90 
3.00 
3.05 


3. 
3. 


06 
10 


3.86 


4. 
4. 


10 
05 
8.80 
8.46 
8.25 
3.10 
3.35 
8.65 
4.25 
4.35 
4.05 
3.80 
4.00 
4.85 
5.25 
6.65 
6.90 
6.25 
5.60 
4.90 
4.75 
4.85 
6.20 
6.20 
6.00 
6.10 
6.06 


5.00 
6.00 
4.46 
4.30 
4.06 
8.90 
8.76 
8.56 
8.50 
3.60 
8.60 
8.30 
8.05 
3.00 
2.90 
2.80 
2.70 
2.60 
2.60 
2.45 
2.40 
2.40 
2.85 
2.26 
2.10 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 


Aug.  i  Sept. 


Oct. 


1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.66 
1.50 
1.60 


1.50 
1.50 
1  40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


1. 
1. 
1. 
1. 
1. 


,40 
,40 
.30 
30 
.80 
1.30 
1.30 
1.30 
1.30 
1.30 


i.ao 

1.30 

i.do 

1.80 
1.80 


30 
SO 
30 
30 
90 
80 
30 
80 
1.30 
1.80 
1.30 


1. 
1. 
1. 
1. 
1. 
1. 
1. 


,30 
.30 
30 
30 
.30 
30 
50 
1.70 
1.65 
1.60 
1.50 
1.50 
1.60 
1.50 
1.50 


Nor.  ,   Dec. 


1.50 
1.50 
1.50 
1.60 


1.50 


1.6U 


1.50 


1.60 


1.50 


1.60 


Lao 


(a) 


January  1  to  March  6  river  frozen;  no  readings. 


aFrozezL 


A  measurement  of  Bridger  Creek,  a  tributary  of  East  Gallatin  River, 
was  made  August  3  at  the  highway  bridge  at  the  fish  hatchery  in  the 
canyon,  and  showed  a  discharge  of  25  second-feet. 
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OPERATIONS  AT  RIVER  STATIONS,  1899, 


PART  III. 


MEASUREMIENTS  AT  RIVER  STATIONS.* 

MADISON  RIVER  AT  RKDBLUFF,   MONTANA. 

This  river  has  its  source  in  the  central  portion  of  the  Yellowstone 
National  Park,  and  flows  in  a  general  northerly  direction,  joining  the 
Jefferson  and  Gallatin  rivers  near  Threeforks  to  form  the  Missouri 
River.  Some  distance  beyond  the  western  boundary  of  the  park  an 
oX)ening  of  considerable  extent  occurs,  known  as  the  Upper  Madison 
Valley.  Below  Meadow  Creek  the  bluffs  close  in  again,  and  the  river 
is  in  canyon  to  below  the  mouth  of  Cherry  Creek.  Beyond  this  it 
gradually  opens  into  the  lower  valley.  The  country  about  the  head 
waters  of  the  stream  is  too  high  for  profitable  farming,  except  for 
summer  stock  ranging.  Less  water  can  be  used  for  irrigation  from 
this  stream  than  from  the  other  two  tributaries  of  the  Missouri,  but 
the  fall  is  admirably  adapted  for  power  purposes,  and  a  number  of 
surveys  have  been  made  in  this  connection.  The  gage  rod,  which  was 
established  May  2,  1897,  is  located  at  the  ranch  of  the  observer,  Mrs. 
S.  A.  Black,  3  miles  below  the  Redbluff  iron  county  bridge  over  the 
Madison  and  about  1^  miles  below  the  mouth  of  Cherry  Creek.  Dis- 
charge measurements  are  made  at  the  highway  bridge  above.  Cherry 
Creek  enters  between  the  bridge  and  the  gage  rod,  and  it  is  necessary 
to  measure  its  discharge  whenever  a  measurement  of  the  main  river 
is  made.  On  June  3  its  discharge  was  366  second-feet,  and  on  June 
29  its  discharge  was  186  second-feet.  Results  of  measureihents  are 
published  as  follows:.  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
280;  1898,  Twentieth  Annual  Report,  Part  IV,  page  236.  The  follow- 
ing discharge  measurements,  not  including  Cherry  Creek,  were  made 
in  1899  under  the  direction  of  Samuel  Fortier: 

June  8,  gi^e  height,  2.50  feet;  discharge,  4,784  second-feet. 
June  80,  gage  height,  8.30  feet;  discharge,  7,616  second-feet 

1  Conilnned  from  Water^npplv  and  Irrigation  Paper  No.  38. 
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Daily  gage  height. 

171  feet,  of  Madison  River  at  Eedbluff,  Montana,  for  1S06. 

Day. 

Apr. 

May. 

1.65 
1.65 
1.66 
1.66 
1.65 
1.66 
1.66 
1.70 
1.75 
1.76 
1.80 
1.80 
1.86 
1.10 
1.10 
1.05 
1.00 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.55 
2.10 
2.30 
2.50 
2.50 
2.50 
2.60 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec.    1 

1 

2.60 
2.00 
2.70 
2.  TO 
2.80 
2.70 
2.80 
2.80 
2.00 
8.00 
8.10 
8.26 
8.40 
8.50 
8.70 
3.00 
880 
3.70 
8.70 
3.70 
3.00 
3.60 
3.60 
8.65 
3.60 
8.60 
3.60 
3.60 
3.65 
3.70 

8.66 
8.40 
8.80 
8.20 
3.10 
2.00 
2.86 
2.80 
2.76 
2.70 
2.60 
2.65 
2.45 
2.30 
2.30 
2.10 
2.00 
1.00 
1.00 
1.00 
1.05 
2.00 
2.00 
1.00 
1.80 
1.80 
1.65 
1.60 
1.60 
1.70 
1.70 

1.70 
1.70 
1.70 
1.66 
1.60 
1.70 
1.80 
1.80 
1.85 
1.80 
1.76 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.65 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

{ 

2 

3 

1.80 

4 

5 

0 

7 

(a) 

8 

0 

10 

11 

12 

13 

14 .• 

15 -^ 

16 W. 

"'i'db' 

1.60 
1.60 
1.56 
1.56 
1.60 
1.66 
1.60 
1.60 
1.60 
1.55 
1.65 
1.65 
1.65 
1.65 

i.ao 

(a) 

17:::;::™.:.:: 

18 

10 

20 

21 

28 

23 

1.30 

24 

25 

38 

27 

28 

(a) 

20 

ao 

(a) 

1 

81 

' 

January  1  to  April  15,  river  frozen;  no  readings. 


alee. 


JEFFERSON  RIVER  AT  SAPPINGTON,    MONTANA. 

This  river  is  formed  by  the  union  of  Bighole  and  Beaverdam  rivers 
near  Twin  Bridges,  Montana.  The  former  stream  has  its  source  in  the 
highest  parts  of  the  Rocky  Mountains,  which  form  the  Continental 
Divide  and  the  State  boundary  line  between  Montana  and  Idaho.  The 
head-water  tributary  of  Beaverdam  River  is  Redrock  Creek,  rising  in 
in  the  southwestern  part  of  the  State,  about  20  miles  west  of  the  bound- 
ary line  of  Yellowstone  National  Park.  Jefferson  River  is  one  of  the 
main  streams  that  unite  at  Threeforks  to  form  the  Missouri  River. 
This  latter  name  should  apply  to  the  Jefferson  and  its  tributary,  Red- 
rock  Creek,  as  this  is  the  longest  of  the  three  head-water  streams  of 
the  Missouri.  Irrigation  is  practiced  to  a  limited  extent  in  the  upper 
reaches  of  the  Jefferson,  mainly  for  forage  plants.  From  Twin  Bridge® 
downstream  to  the  mouth  of  the  North  and  South  Boulder  creeks  is 
an  extent  of  tillable  land,  which,  however,  has  been  little  utilized  up 
to  the  present  time.  The  river  is  in  canyon  from  Boulder  Creek  to 
about  Willow  Creek,  whence  the  gorge  gradually  widens  out  into  the 
Gallatin  Valley.  The  station  on  this  river  is  located  at  Sappington,  7 
miles  above  WiUow  Creek,  and  was  established  by  Arthur  P.  Davis 
November  13,  1894.  The  wire  gage  is  fastened  to  the  guard  rail  on 
the  upper  side  of  the  Northern  Pacific  Railway  bridge,  1  mile  nort.h 
of  the  railroad  station.  Bench  mark  No.  1  consists  of  a  6-inch  wire 
nail  driven  horizontally  in  the  east  side  of  the  blocking  which  forms 
the  south  abutment  of  the  railroad  bridge  and  is  6.90  feet  above  ^age 


MONTANA. 
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datum.  Bench  mark  No.  2  is  a  6-inch  wire  nail  in  a  telegraph  pole, 
about  30  feet  south  and  east  of  the  south  abutment  of  the  bridge,  and 
is  at  an  elevation  of  7  feet  on  the  gage.  Bench  mark  No.  3  is  the  head 
of  the  northwest  bolt  fastening  the  switch  standard  to  the  cross-tie, 
30  feet  east  of  the  bridge.  Its  elevation  is  15.67  feet.  On  November 
3, 1897,  the  rod  was  lowered  eight-tenths  of  a  foot,  the  subsequent  read- 
ings being  adjusted  to  the  new  datum.  Discharge  measurements  are 
made  from  a  cable  and  car  erected  a  short  distance  above  the  bridge. 
Results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  134;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  281;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
238.  The  following  measurements  were  made  during  1899  by  Samuel 
Fortier: 

April  10,  gage  height,  2.70  feet;  discharge,  2,891  second-feet. 
April  24,  gage  height,  2.80  feet;  discharge,  2,595  second-feet. 
May  21,  gage  height,  4.50  feet;  discharge,  6,505  second-feet. 
July  13,  gage  height,  5.40  feet;  discharge,  4,847  second-feet. 
Jnly  29,  gage  height,  3.10  feet;  discharge,  2,909  second-feet. 

Daily  gage  height,  in  feet,  of  Jefferson  River  at  Sappington,  Monta7ia,  for  1899, 


Day. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
8.00 
2.90 
2.&5 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
8.00 
8.15 
8.20 
8.10 

8.00 
8.00 
2.90 
2.85 
2.80 
8.05 
8.20 
8.60 
4.10 
4.55 
4.95 
5.15 
5.85 
6.25 
4.95 
4.60 
4.25 
4.40 
4.50 
4.60 
4.45 
4.40 
4.40 
4.60 
4.65 
5.85 
5.65 
5.90 
5.90 
6.80 
5.80 

5.80 
5.80 
6.15 
7.00 
7.30 
7.40 
7.00 
6.50 
6.2U 
5.05 
6.10 
0.65 
7.40 
7.80 
8.00 
7.70 
7.30 
7.40 
7.85 
8.60 
9.00 
9.60 
9.66 
9.10 
8.30 
8.00 
8.00 
7.80 
7.60 
7.70 

7.60 
7.55 
7.a5 
7.20 
6.90 
6.70 
6.50 
6.10 

5.  a') 

5.65 
5.60 
5.50 
6.40 
5.40 
5.25 
5.20 
4.85 
4.75 
4.60 
4.45 
4.35 
4.25 
4.05 
8.85 
3.65 
8.45 
3.25 
8.10 
8.10 
3.10 
3.10 

3.10 
8.00 
8.00 
2.90 
2.00 
2.00 
2.90 
2.80 
2.80 
2.80 
2.00 
3.00 
3.00 
2.05 
2.00 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
.     2.80 
2.80 
2.70 
2.70 
2.50 
2.50 
2.40 

2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

2.3r) 

2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
2. 10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.30 
2.40 
2.40 
2.50 
2.50 
2.60 
2.70 
2.70 
2.80 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.90 

2.00 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.80 
2.80 
3.00 
3.60 

2 

8 

4 ... 

6 

6 

7 

8 

9 

10 

11 

12 

18 

U 

16 

16 

17 

18 

10 

ao 

21 

as 

28 

24 

26 

26 

27 

28   

20 

2.70 
2.70 
2.70 

80 

31 

January  1  to  March  28,  river  frozen;  no  readings. 
December  15  to  31,  river  frozen;  no  readings. 
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MISSOURI  RIVER  AT  TOWNSEND,   MONTANA. 

This  river  is  formed  by  the  janction  of  the  Jefferson,  Madison,  and 
Gallatin  rivers  at  Threeforks,  Montana.  Observations  of  gage  heights 
are  maintained  at  Townsend  by  the  Missouri  River  Commission,  and 
although  the  section  is  not  an  ideal  one,  it  still  seems  desirable  to 
make  occasional  discharge  measurements  as  the  station  is  easily 
accessible  and  daily  gage  observations  are  taken  at  no  expense  to  this 
Survey.  The  gage  is  located  at  the  wagon  bridge  about  a  mile  north 
of  the  railroad  station.  The  heights  given  are  the  means  of  two  daily 
readings  expressed  in  feet  above  the  St.  Louis  directrix,  which  is 
412.73  feet  above  mean  gulf  level.  In  the  following  table,  furnished 
by  Charles  Keller,  first  lieutenant,  Corps  of  Engineers,  United  States 
Armj^,  the  figures  3,300  have  been  omitted,  and  it  is  therefore  neces- 
sary to  add  this  amount  to  obtain  the  elevation  of  the  water  surface 
above  the  St.  Louis  datum.  Results  of  measurements  are  found  as 
follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  124;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  283;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  244.  The  following  discharge  meas- 
urements were  made  during  1899  under  the  direction  of  Samuel 
Fortier: 

May  80,  gage  height,  92.00;  discharge,  13,021  seoond-feet 
June  1.5,  gage  height,  93.80  feet;  discharge,  29,882  second-feet. 
July  21,  gage  height,  90.90  feet;  discharge,  8,842  second-feet 


Lkiily  gage  height ,  in  feet,  of  Missouri  River  ut  Townsendy  Montana^  for  1S99, 


Day. 

ApriL 

May. 

June. 

July. 

Aufr. 

Sept. 

Oct. 

Nov. 

Dec 

1 

90.10 
89.90 
89.80 
89.80 
89.80 
89.80 
89.90 
90.30 
90.60 
91.05 
91.25 
91.55 
91.70 
91.60 
91.60 
91.60 
91.85 
91.25 
91.15 
91.10 
91.10 
91.05 
91.00 
91.00 
91.05 
91.40 
91.60 
92.05 
92.00 
92.00 
91.96 

91.90 
92.20 
02.40 
92.85 
93.85 
98.60 
98.30 
98.10 
92.60 
92.30 
92.45 
92.80 
93.40 
93.70 
98.76 
93.75 
98.60 
93.70 
94.10 
94.60 
95.20 
96.85 
95.66 
95.76 
96.25 
94.55 
94.40 
94.46 
94.20 
94.20 

• 

94.10 
94.05 
93.95 
93.60 
98.85 
98.06 
92.80 
92.60 
02.65 
92.46 
02.35 
92.25 
92.05 
92.00 
91.80 
91.65 
91.50 
91.20 
91.06 
90.95 
90.90 
90.85 
90.70 
90.60 
90.40 
90.30 
90.10 
90.06 
90.00 
90.00 
89.96 

89.90 
89.90 
89.85 
80.80 
89.70 
89.70 
89.70 
80.75 
89.80 
89.05 
89.96 
80.90 
89.85 
69.80 
89.70 
89.65 
80.66 
89.60 
89.60 
89.50 
89.46 
89,50 
80.60 
80.60 
89.46 
89.40 
89.40 
89.30 
89.20 
80.20 
89.20 

80.16 
80.10 
89,10 
89.10 
89.10 
80.10 
80.05 
89.00 
89.00 
89.00 
89.00 
89.00 
80.00 
80.05 
89.10 
89.15 
80.10 
80.10 
80.10 
80.10 
89.00 
89.00 
89.00 
89.05 
89.00 
89.00 
89.00 
88.95 
88.90 
88.90 

88.90 
88.90 
89.00 
80.00 
89.05 
80.00 
89.00 
80.00 
89.00 
80.10 
80.10 
80.15 
80.20 
80.20 
80.20 

80.au 

80.20 
80.20 
80.30 
80.40 
80.46 
80.60 
80.66 
89.60 
89.65 
89.60 
80.50 
80.60 
80.40 
89.40 
80.40 

80.30 
89.80 
89.30 
89.30 
80.35 
80.85 
80.36 
89.85 
80.85 
80.36 
80.36 
80.40 
80.40 
80.40 
80.40 
89.40 
80.45 
80.45 
80.45 
89.45 
80.40 
80.30 
80.25 
80.20 
80.20 
89.20 
80.15 
80.20 
80.20 
80.25 

89.30 
8P.30 
80.30 
89.10 
80.  OP 
80.06 
89.10 
80.10 
89.10 
89.10 

a  80. 10 
80,10 
80,10 
89.10 
80.10 

a 89. 10 
80.10 
80.10 
80.15 

88.  ao 

88.25 

80.90 

80.  ao 

88.30 

88.40 
88.00 
88.65 

88.65 

bOl.TO 

00.90 

oaoo 

2 

3 

4 

88.40 
88.50 
88.80 
89.30 
89.80 
89.90 
90.20 
90.40 
90.55 
90.  a5 
90.45 
90.00 
90.00 
90.05 
89.95 
89.90 
89.75 
89.70 
89.90 
90.00 
89.% 
89.95 
90.15 
90.40 
90.20 
90.10 
90.10 

• 

5 

6 

7 

8 

9 

10...: 

u 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

a  Ice  readingB,  December  11  to  16. 


b  Ice  gorf?ed  December  20. 
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MILK  RIVER  AT  HAVRE,  MONTANA. 

This  river  rises  on  the  eastern  slope  of  the  Rocky  Mountains  in  the 
extreme  northern  part  of  Montana.  The  head- water  tributaries  have 
a  general  northeasterly  direction,  crossing  the  international  boundary 
line  into  British  territory,  in  which  there  is  a  large  area  drained. 
The  river  reenters  the  United  States  farther  eastward  and  flows  in  a 
general  southerly  direction  to  Havre.  Its  course  is  thence  easterly 
until  it  joins  the  Missouri  River  near  Glasgow,  Montana,  at  the 
southwestern  corner  of  Fort  Peck  Indian  Reservation.  The  valley 
of  this  river  is  fertile  and  well  adapted  for  raising  the  hardier  grains. 
Development  in  this  direction  has  been  somewhat  slow  until  within  the 
past  few  years.  The  area  drained  by  Milk  River  is  to  a  large  extent 
rolling  prairie  lands,  excellent  for  grazing  purposes  and  covered  with 
a  good  growth  of  grass.  The  discharge  measurements  show  the 
amount  of  water  available  for  the  canals,  a  number  of  which  have 
recently  been  taken  from  the  river  below  Havre,  as  described  in  the 
Eighteenth  Annual  Report,  Part  IV,  page  286.  The  present  station 
is  located  at  Havre,  Montana,  and  was  established  by  Cyrus  C.  Babb, 
May  15,  1898.  The  gage  rod  is  an  especial  form  described  in  Water- 
Supply  Paper  No.  27,  page  68.  Measurements  of  discharge  are 
made  from  a  car  and  cable  of  200-foot  span  swung  across  the  river  a 
short  distance  above  the  gage.  The  river  is  subject  to  violent  floods 
of  short  duration,  and  the  bed  of  the  river  being  composed  of  gravels 
and  clay  is  liable  to  change  after  each  freshet.  Results  of  measure- 
ments for  1898  are  shown  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  245.  The  following  discharge  measurements  were  made  by 
C.  W.  Ling  in  1899 ; 

Meaaurementa  of  Milk  River  at  Havre,  Montana, 


Dato. 


1809. 

Apr.20 

Apr.  28 

Mays 

B£ayl2 

May  16 

May  22 

May  20 

June  8 

June  10 

June  16 

Jnne20 

June  28 

Julys 

July? 

JnlyU 

July  17 

July  22 

July  27 


Qasre 
helsht. 

i 
Dis- 
charge. 

Feet. 

Sec-ft. 

8.20 

1,410 

2.20 

807 

1.90 

732 

2.00 

1,087 

2.50 

911 

8.50 

1,657 

3.40 

1,663 

2.90 

1,126 

2.80 

1,200 

2.30 

661 

2.00 

586 

1.90 

588 

1.40 

863 

1.20 

288 

1.25 

314 

.80 

181 

.00 

160 

.70 

170 

Date. 


1899. 

July  81 

Aug.  3 

Aug.  5 

Aug.  11 

Aug.  16 

Aug.  10 

Aug.  26 

Aug.  28 

Sept.  2 

Sept.  7 

Sept.  12 

Sept.  16 

Sept.  21 

Sept.  25 

Sept.  80 

Oct.  16 

Oct.  24 

Nov.  6 


Oago 
lelgnt. 


helg 


Feet. 

1.00 

1.10 

1.40 

.80 

.60 

.40 

.60 

.80 

.60 

.80 

.20 

.30 

1.50 

1.90 

1.50 

1.40 

1.70 

2.40 


Dis- 
charge. 


Spc.-ft 


262 
379 
182 
111 
106 
187 
168 
187 
99 
88 
96 
300 
221 
122 
100 
146 
868 
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DaUy  ffoge  height ,  in  feet,  of  Milk  River  at  Havre,  Montana,  for  1899, 


Day. 

Jan. 

Fob. 

Apr. 

May. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.00 
1.90 
1.90 
1.90 
1.90 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
•2.60 
2.66 
2.60 
2.00 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.95 
3.80 
3.20 
3.20 
2.70 
2.80 

0.60 

.60 

.60 

.60 

.40 

.40 

.80 

.40 

.40 

.80 

.30 

.20 

.20 

.20 

.30 

.20 

.40 

1.60 

1.60 

1.10 

1.90 

2.00 

2.00 

1.90 

1.80 

1.70 

1.60 

1.40 

1.60 

1.60 

1.40 
1.80 
1.40 
1.80 
1.30 
1.20 
1.10 
1.30 
1.30 
1.30 
1.20 
1.00 

1.30 

Lao 
Lao 

Lao 

&40 
2.40 

2 

1.40 

8 

(a) 

4 

1.80 

6 

6 

7 

8 

1.40 

9 

10 

1.40 

(a) 

-11 

12 

2.20 

13   

U 

1.40 

15 

1.80 
1.30 
1.20 
1.10 
1.10 
1.10 
1.00 
1.20 
1.10 
1.10 
1.00 
1.80 
1.30 
1.40 
1.40 
1.40 

i.ao 

16 

4.60 
4.80 
3.90 
8.40 
8.20 
8.20 
8.05 
2.80 
2.» 
2.60 
2.60 
2.40 
2.25 
2.20 
2.00 

17 

(a) 

18 

19 

1.90 
2.60 

LIO 

20 

21 

1.80 

22 

23 

24 

1.80 

(«) 

25 

26 

27 

L90 

28 

1.80 

29 

30 

81 

a  ProBen. 


YELLOWSTONE   RIVER  AT  LIVINGSTON,  MONTANA. 

This  river  has  its  source  in  Yellowstone  Lake,  in  the  National  Park, 
and  flows  in  a  northerly  direction  into  Montana.  Its  course  is  theiie<* 
easterly  to  its  junction  with  the  Missouri  River,  near  the  North  Dakota 
line.  Owing  tx)  the  fact  of  the  numerous  springs  of  the  park  wliich 
contribute  to  its  flow,  and  also  to  the  fact  that  the  lake  acts  as  a  regu- 
lator, the  discharge  when  it  crosses  the  Montana  line  is  large  for 
a  river  of  this  section  of  the  country.  Yellowstone  Valley  is  the 
largest  body  of  irrigable  land  in  Montana,  having  a  length  of  about 
500  miles.  At  the  present  time  it  is  principally  utilized  as  a  range  for 
a  vast  number  of  cattle  and  sheep.  With  its  comparatively  low  alti- 
tude of  2,500  feet,  the  section  is  well  adapted  for  the  future  develop- 
ment of  irrigation.  The  gaging  station  established  May  2,  1897,  u* 
located  at  the  highway  bridge  over  the  Yellowstone  River,  5  miles 
south  of  Livingston,  at  the  mouth  of  the  canyon.  A  wire  gai^e  is  in 
use.  A  new  bench  mark  was  established  in  1899,  as  follows:  The  top 
of  the  end  plate  of  bridge  at  upper  side  of  east  end,  at  an  elevation 
of  14.20  feet  above  zero  of  gage.  The  slope  of  the  water  surface  at 
gaging  station  was  found  to  be  0.146  feet  in  200  feet  on  August  29, 
1899.  The  observer  is  Thomas  S.  Cart.er,  who  lives  at  the  end  of  the 
bridge.  The  results  of  measurements  may  be  found  as  follows: 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  289;  1898,  Twentieth 
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Annual  Report,  Part  IV,  page  248.     The  following  measurements  of 
discharge  were  made  under  the  direction  of  Samuel  Fortier  in  1899: 

March  10,  gage  height,  1.00  foot;  discharge,  1,702  second-feet. 
March  24,  gage  height,  1.10  feet;  discharge,  1,801  Becond-feet. 
April  5,  gage  height,  1.10  feet;  discharge,  1,868  second-feet. 
April  14,  gage  height,  1.40  feet;  discharge,  2,620  second-feet. 
May  28,  gage  height,  3.70  feet;  discharge,  6,964  second-feet. 
June  21,  gage  height,  8.00  feet;  discharge,  22,053  second-feet. 
July  20,  gage  height,  5.30  feet;  discharge,  7,283  second-feet. 
Angnst  29,  gage  height,  1.86  feet;  discharge,  5,887  second-feet 

Daily  gage  height,  in  feet,  of  Yellowstone  River  at  Livingston,  Montana,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

0.55 
.60 
.45 
.43 
.40 
.40 
.40 
.38 
.35 
.35 
.85 
.86 
.85 
.35 
.36 
.80 
.30 
.30 
.30 
.40 
.36 
.43 
.43 
.40 
.86 
.28 
.20 
.18 
.15 
.16 
.10 

Nov. 

Dec. 

1 

0.85 

.85 

.85 

.90 

.90 

.90 

.90 

.95 

1.00 

1.00 

.80 

.85 

.90 

.85 

.80 

.85 

.05 

.95 

.93 

.90 

(a) 

.88 

.93 

1.05 

1.15 

1.06 

.78 

.90 

1.00 

1.00 

.90 

0.90 
.05 
.95 
1.00 
1.10 
1.10 
1.10 
1.10 
1.13 
1.30 
1.30 
1.30 
1.50 
1.43 
1.25 
1.38 
1.40 
1.35 
1.28 
1.23 
1.20 
1.35 
1.50 
1.55 
1.80 
2.00 
1.05 
1.78 
1.63 
1.60 

1.00 
1.S3 
1.43 
1.40 
1.40 
1.48 
1.60 
1.80 
2.25 
2.73 
3.00 
3.30 
3.40 
3.10 
2.90 
2.75 
2.58 
2.63 
2.70 
2.90 
2.90 
2.80 
2.75 
3.13 
4.08 
4.85 
8.96 
3.85 
4.00 
4.25 
.4.20 

4.20 
4.35 
5.08 
5.40 
6.36 
4.85 
4.48 
4.38 
4.35 
5.00 
5.60 
6.20 
5.60 
5.28 
5.20 
5.63 
6.68 
7.60 
8.05 
8.65 
8.30 
7.16 
6.73 
6.96 
7.25 
7.60 
7.60 
7.60 
7.78 
8.05 

7.88 
7.58 
7.30 
7.15 
7.08 
7.00 
6.93 
6.95 
6.96 
6.76 
6.66 
6.56 
6.20 
6.98 
6.76 
6.66 
6.65 
5.38 
5.30 
5.28 
6.28 
5.13 
4.a5 
4.68 
4.60 
4.60 
4.48 
4.30 
4.30 
4.30 
4.15 

4.10 
4.00 
3.90 
3.80 
3.70 
3.70 
3.60 
3.50 
3.50 
3.63 
3.35 
3.26 
3.10 
3.08 
2.96 
2.83 
2.73 
2.70 
2.66 
2.68 
2.48 
2.40 
2.85 
2.28 
2.18 
2.10 
1.98 
1.90 
1.83 
1.80 
1.76 

1.70 

1.70 

1.70 

1.68 

1.60 

1.48 

1.40 

1.33 

1.30 

1.28 

1.20 

1.16 

1.15 

1.16 

1.15 

1.10 

1.08 

1.00 

.93 

.90 

.85 

.83 

.76 

.78 

.70 

.70 

.70 

.66 

.60 

.68 

2   

0.05 
'.'66' 

^.30' 

3    ... 
4 

(a) 

5 

6 

7 

0.00 

8 

9 

.80 

10 

11    ...- 

.00 

I" 

kt^  . . 

13 

.70 

■"".'to' 

14    ---- 

15 

16     ... 

«««•>»  ■ 

(a) 

17 

.85 

18 

.10 

19 

30.   ... 

21 

22 

.90 

23 

.50 

24 

.80 

25 

-.85 

28   .... 

27 

28 

.90 

29 

30 

—  .80 

81 

a  Frozen. 
BIGHORN  RIVER  AT  THBRMOPOLIS,    WYOMING. 

A  numl>er  of  discharge  measurements  were  made  on  this  river  at 
Thermopolis,  Wyoming,  by  A.  J.  Parshall,  during  the  progress  of  a 
survey  in  that  vicinity,  which  he  had  undertaken  for  the  State.  A 
bench  mark  was  established  on  the  pile  near  the  ferry,  and  the  gage 
heights  noted  are  the  distance  of  water  surface  below  this  bench 
mark;  they  are,  therefore,  in  reverse  order  to  the  usual  records  of 
water  heights.  Four  measurements  were  made  during  1899,  as  fol- 
lows: 

Jaly  28,  gage  height,  8  feet  below  bench  mark;  discharge,  4,867  second-feet. 
August  7,  gage  height,  8.88  feet  below  bench  mark;  discharge,  4,204  second-feet. 
August  16,  gage  height,  8.98  feet  below  bench  mark;  discharge,  2,673  second-feet. 
September  14,  gage  height,  9.74  feet  below  bench  mark;  discharge,  1,162  second- 
feet. 
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SHOSHONE  RIVER  AT  LOVELL,   WYOMING. 

The  source  of  this  river  is  in  the  high  mountain  peaks  along  the 
eastern  border  of  the  Yellowstone  National  Park.  It  has  a  general 
northeasterly  course  and  enters  Bighorn  River  about  12  miles  above 
the  Montana  State  line.  Irrigation  is  practiced  to  a  limited  extent  in 
the  upper  headwaters,  but  principally  from  the  small  tributaries,  as 
Trout,  Rattlesnake,  and  Cottonwood  creeks.  Below  the  jnnction  of 
the  North  and  South  forks  a  number  of  large  irrigation  enterprises 
have  recently  been  undertaken.  A  gaging  station  was  established 
May  23,  1897,  at  Lovell,  Wyoming.  The  rod  is  fastened  to  the  land- 
ing pier  of  the  ferry  on  the  south  side  of  the  river.  The  channel  is 
straight  for  some  distance  above  and  below  the  rod,  and  the  cross 
section  at  the  gaging  point  has  a  uniform  depth.  The  bed  of  the 
river  is  stable.  The  results  of  measurements  are  shown  as  follows: 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  292;  1898,  Twentieth 
Annual  Report,  Part  lY,  page  249.  No  discharge  measurements 
were  made  at  this  station  during  1899. 


DaUy  gage  height,  in  feet,  of  Shoshone  lUver  at  Lovell,  Wyoming,  for  1S99, 


Day. 


1.. 

2- 

8.. 

4.. 

6.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.- 
12-- 
13-- 
U-. 
15.. 
16.. 


Apr. 


--0.80 

—  .90 

-  .90 

-  .80 

—  .80 


May.  June 


-.80 
-.80 
-.70 
-.70 
-.70 
-.60 
h-.60 
-.40 
-.20 
+.20 
.80 
.30 
.20 
-.10 
-.40 
—.20 


0.60 

.00 

3.00 

.60 

.80 

.90 

.70 

.60 

.90 

1.80 

2.00 

2.80 

2.00 

1.50 

1.40 

2.20 


July. 


8.80 
3.60 
8.40 
3.20 
8.20 
8.10 
8.10 
8.00 
8.20 
2.90 
2.80 
2.70 
2.80 
2.90 
2.70 
2.00 


Aug. 


+0.20 
+  .60 

-  .10 

-  .80 

-  .20 

-  .80 

-  .20 

-  .80 

-  .80 

-  .80 

-  .80 

-  .80 

-  .80 

-  .80 

-  .40 

-  .40 


Sept. 


-1.10 
-1.10 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
-1.80 
-1.80 
-1.80 
-1.40 
-1.40 
-1.40 
-1.40 
-1.40 
-1.40 


Day. 


17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
80 
31 


Apr. 


-  .90 

-  .80 
I—  .70 

-  .60 

-  .40 

-  .20 
.00 

+  .70 
+  .60 

-  .60 
I-  .70 

-  .70 

-  .70 

-  .70 


May. 


-.40 

-.40 

-.40 

+.10 

.80 

.20 

.10 

.50 

.90 

.70 

.70 

.80 

.70 

.80 

.70 


June. 


3.00 
3.90 
4.30 
4.20 
4.00 
2.70 
2.60 
2.50 
2.90 
3.60 
3.80 
8.40 
3.70 
4.00 


July. 


2.60 
2.60 
2.70 
2.60 
2.50 
2.60 
2.50 
1.40 
1.40 
1.00 
1.00 
1.40 
1.30 
1.70 
1.10 


Ancr- 


Sept. 


-  .50 

-  .50 

-  .60 

-  .60 
-.70 

-  .80 

-  .90 

-  .90 

-  .90 
-1.00 
-1.00 
-1.00 
-1,00 
-1.00 
-1.00 


-1.50 

1,50 

1.50 

-1.50 

-1.50 

-1.60 

1.50 

-1.50 

1.60 

-1.80 

-1.60 

-1.50 

-1.50 

-1.60 


CLEAR  CREEK  AT  BUFFALO,  WYOMING. 

This  creek  is  one  of  the  most  important  tributaries  of  Powder  River, 
having  its  source  in  the  summit  of  the  Bighorn  Mountains.  The  irri- 
gating system  diverting  water  from  this  stream  has  been  described  in 
detail  in  earlier  reports.  The  point  of  measurement  is  about  4  miles 
west  of  Buffalo,  Wyoming,  at  which  point  is  a  flume  erected  in  1889. 
Of  late  years  this  station  is  not  considered  as  important  as  formerly, 
on  account  of  the  diversions  of  water  which  have  taken  place  within 
its  basin.  The  earlier  discharge  measurements  established  a  rating 
for  the  measuring  flume,  and  it  has  not  been  necessary  to  make  any 
since.  The  results  of  measurements  are  shown  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  140;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  298;  1898,  Twentieth  Annual  Report, 
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Part  IV,  page  250.     No  measurements  of  discharge  were  made  at  this 
point  during  1899. 

Daily  gage  height,  in  feet,  of  Clear  Creek  at  Buffalo,  Wyoming,  for  1899. 


'Day. 

Jan. 

Feb. 

M&r. 

Apr. 

May. 

Jnno. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

0.80 

0.00 

.50 

.50 

.50 

.45l 

.52 

.73 

.62 

.54 

.67 

.58 

.64 

.70 

.60 

.68 

.70 

.68 

.70 

.77 

1.17 

1.20 

.90 

.90 

1.10 

1.24 

1.20 

1.18 

1.12 

1.12 

1.21 

1.14 

1.13 
1.18 
1.63 
1.37 
1.34 
1.24 
1.20 
1.15 
1.14 
1.11 
1.26 
1.34 
1.39 
1.26 
1.23 
1.23 
1.40 
2.15 
2.43 
2.42 
2.45 
1.75 
1.45 
1.46 
1.89 
2.07 
1.73 
1.64 
1.72 
1.87 

1.80 
1.58 
1.47 
1.46 
1.46 
1.46 
1.40 
1.48 
1.41 
1.42 
1.39 
1.33 
1.39 
1.37 
1.80 
1.35 
1.20 
1.20 
1.25 
1.21 
1.23 
1.23 
1.44 
1.75 
1.73 
1.73 
1.70 
1.70 
1.58 
1.42 
1.42 

1.35 
1.27 
1.18 
1.15 
1.12 
1.08 
.94 
.81 
.70 
.73 
.60 
.64 
.60 
.58 
.58 
.58 
.56 
.57 
.53 
.54 
.58 
.57 
.55 
.63 
.52 
.50 
.50 
.49 
.48 
.49 
.48 

0.50 
.48 
.47 
.67 
.67 
.58 
.57 
.57 
.56 
.66 
.60 

-  .50 
.50 
.50 
.60 
.60 
.48 
.62 
.61 
.61 
.60 
.58 
.52 
.64 
.51 
.50 
.51 
.50 
.48 
.48 

0.48 
.60 
.48 
.50 
.48 
.48 
.50 
.50 
.57 
.66 
.66 
.67 
.68 
.68 
.58 
.60 
.60 
.60 
.58 
.58 
.56 
.53 
.57 
.56 
.44 
.42 
.48 
.48 
.47 
.88 
.48 

0.60 
.46 
.48 
.42 

.42 
.48 
.47 
.48 
.48 
.47 
.48 
.47 
.48 
.60 
.47 
.48 
.48 
.48 
.48 

""6.'45  " 
'"."40"" 
'"'.■40" 

3 

4 

0.30 

5 

0.25 

0.25 

6 

7 

8 

0    .... 

.33 

10    .... 

11  .... 

12 

.30 

.40 

13    .... 

U 

15 

16 

.80 

17 

18 

19 

.26 

.60 

20 

21 

22 

23   .. 

24 

.40 

26 

26 

.26 

.46 

• 

27 

28 

28 

.40 

30 

.63 

31 

MINNECHADUSA  RIVER  AT  VALENTINE,   NEBRASKA. 

This  stream  rises  in  South  Dakota,  flows  into  Nebraska,  and  emp- 
ties into  Niobrara  River  near  Valentine.  Measurements  have  been 
made  at  the  times  when  the  regular  river  station  on  Niobrara  River 
at  Fort  Niobrara  has  been  visited.  The  results  are  of  value  as  show- 
ing the  flow  available  for  milling  purposes,  there  being  little,  if  any, 
opportunity  for  irrigation.  Measurements  were  made  by  Glenn  E. 
Smith  at  a  point  1  mile  above  the  town.  The  channel  at  this  point 
is  straight,  and  the  water  moves  with  moderate  velocity.  The  banks 
are  high  and  the  bed  sandy.  Most  of  the  measurements  were  made 
by  wading.     Results  for  1899  are  as  follows: 

January  27,  26.2  second-feet;  February  21,  45.0  second-feet;  March 
15,  25.7  second-feet;  April  26,  32.6  second-feet;  May  11,  35.6  second- 
feet;  June  23,  23.0  second-feet;  August  12, 19.0  second-feet;  Septem- 
ber 13,  23.5  second-feet;  September  26,  26.5  second-feet;  October  20, 
30.0  second-feet. 


NIOBRARA  RIVER  AT  PORT  NIOBRARA,  NEBRASKA. 

This  river  rises  in  eastern  Wyoming  and  flows  across  the  State  line 
into  Nebraska,  continuing  along  the  northern  side  of  that  State  near 
the  boundary  of  South  Dakota  until  it  enters  the  Missouri  River  at 
the  northeastern  comer  of  Nebraska.     A  gaging  station  was  estab- 
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lished  by  O.  V.  P.  Stout  on  July  22, 1897,  three-fourthaof  a  mile  sontb- 
westorly  from  Fort  Niobrara  and  above  the  mouth  of  Minnechadusa 
River.  It  was  afterwards  discontinued,  but  was  resumed  on  April  26,  ■ 
181)1),  when  a  rod  was  located  195  feet  downstream  from  the  wagon 
bridge  near  Fort  Niobrara.  The  rod  is  solidly  bedded  on  cross-ties 
and  well  fastened  with  bridge  spikes.  It  is  a  new  3  by  4  inch  oak  rod 
10  feet  long,  and  is  placed  on  the  left  bank  of  the  stream.  Bench 
mark  No.  1  is  the  top  of  a  large  spike  driven  in  the  top  of  a  2  by  4 
iucli  tiihber  which  is  set  4  feet  in  the  ground  and  12  feet  west  of  the 
rod,  and  is  5.63  feet  above  gage  datum.  Bench  mark  No.  2  is  the  top 
of  the  short  cap  at  shoe  of  truss  at  west  end  of  the  bridge,  downstream 
side,  and  is  9.98  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3 
is  the  top  of  the  plate  of  the  center  pier  of  the  bridge,  downstream 
side,  and  is  10.03  feet  above  gage  datum.  Thomas  Dillon,  inaU  car- 
rier between  Valentine  and  Fort  Niobrara,  is  the  observer.  The  results 
of  measurement  are  shown  as  follows :  1897,  Nineteenth  Annual  Report., 
Part  TV,  page  300;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
255.  The  following  discharge  measurements  were  made  by  Glenn  E. 
Smith  during  1899: 

Measurements  of  Niobrara  River  at  Fort  Niobrara,  Ndtraska. 


1899. 

Jan.27 

Mar.  15 

Mar.  16 

Apr.25 

aiayll 

May  36 

June  23 


Oase 
hei^t. 

Dis-      1 
charge. 

Feet 

Second-/t 

Frozen. 

823 

Frozen. 

726 

Frozen. 

a650 

1.15 

952 

1.18 

867 

1.44 

1,081 

1.84 

733 

1889. 

Jnlyl6 

Aug.  13 

Aug.  30 

Sept.  13 

Sept.a6 

Oct.7 

Oct.ao 


Dia- 
charge. 

Feet 
1.52 

Secon^t. 
788 

1.30 

ns 

1.35 

700 

1.15 

605 

1.06 

732 

1.15 

77« 

'  0.80 

8tt 

a  Measurement  made  at  point  5  miles  south  of  Valentine. 
Daily  gage  height y  infeet,  of  Niobrara  River  at  Fort  Niobrara,  Nebraxka^for  IS99, 


Day. 

Apr. 

May. 

Juna 

July. 

Aug. 

Sept. 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

1.... 
2  .... 

1.13 
1.11 
1.12 
1.12 
1.14 
1.21 
1.13 
1.24 
1.31 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
l.U 

1.31 
1.81 
1.34 
1.31 
1.81 
1.21 
1.14 
1.12 
1.12 
1.12 
1.24 
1.44 
1.34 
1.21 
1.21 
1.24 

1.21 
1.41 
1.84 
1.23 
1.24 
1.84 
1.41 
1.41 
1.41 
1.42 
1.44 
1.44 
1.61 
1.42 
1.51 
1.64 

1.81 
1.34 
1.61 
1.41 
1.34 
1.34 
1.31 
1.81 
1.41 
1.34 
1.81 
1.84 
1.41 
1.21 
1.81 
1.41 

1.24 
1.24 
1.31 
1.81 
1.24 
1.21 
1.21 
1.21 
1.24 
1.21 
1.21 
1.14 
1.14 
1.14 
1.24 
1.21 

17.... 
18.... 

1.12 
1.14 
1.21 
1,22 
1.23 
1.24 
1.34 
1.44 
1.34 
1.44 
1.41 
1.42 
1.41 
1.42 
1.31 

1.41 
1.41 
1.34 
1.24 
1.23 
1.28 
1.22 
1.22 
1.51 
1.21 
1.81 
1.34 
1.84 
1.41 

1.51 
1.44 
1.41 
1.41 
1.41 
1.81 
1.81 
1.81 
1.24 
1.21 
1.24 
1.24 
1.81 
1.31 
1.31 

1.41 
1.44 
1.41 
1.34 
1.82 
1.34 
1.34 
1.34 
1.24 
1.24 
1.24 
1.24 
1.31 
1.81 
1.21 

1.34 
1.21 
l.U 
l.U 
1.24 
1.21 

3.... 

19.... 

4  ... 

20.... 

5  ..  . 

21.... 

6.... 

22-.. 

7..  . 

23.... 

1.11    1 

8  ... 

24.... 

1.11     ' 

9  ... 

26.... 

1.14 

10... 

26.... 
27.... 

28.... 
29.... 
80.... 
81.... 

1.14 
1.14 
1.21 
1.21 
1.18 

1.12 

11  .... 

l.U 

12... 
13... 
14.... 
16.... 

1.11    ' 
1.11    . 
l.U    ' 

16.... 

LARAMIE  RIVER  AT  WOODS  LANDING,  WYOMING. 

This  river,  a  tributary  of  the  North  Platte  River,  entering  it  at  Fort 
Laramie,  Wyoming,  has  its  source  in  the  mountains  of  northern  Colo- 
rado, adjoining  the  head  waters  of  the  Cache  la  Poudre  on  the  west. 
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Irrigation  is  practiced  on  a  small  scale  in  Colorado,  but  principally 
for  hay  ranches,  as  the  elevation  is  too  great  for  diversified  farming. 
One import.ant  diversion — that  of  the  Sky-line  canal — ^takes  water  from 
the  Laramie,  carrying  it  across  the  divide  and  into  Cache  la  Poudre 
drainage.  This  diveraion  is  working  a  hardship  to  the  Wyoming 
appropriators  below,  as  many  in  this  State  have  prior  rights  to  Sky- 
line canal,  but  owing  to  the  present  water  laws  the  Wyoming  rancher 
has  no  redress  through  the  courts.  Laramie  River,  on  crossing  the 
Wyoming  line,  soon  leaves  its  canyon  and  enters  the  Laramie  Plains, 
which  are  extensively  irrigated  from  the  main  stream  and  from  the 
various  tributaries,  notably  from  Little  Laramie  River,  whose  low- 
water  flow  is  now  entirely  used.  Lower  down  on  its  course  the  river 
passes  through  another  canyon,  to  enter  finally  the  plain  of  the 
Lower  Laramie,  which  extends  from  the  eastern  edge  of  the  Laramie 
Hills  to  the  mouth  of  the  river.  A  notable  divei-sion  in  this  section 
of  the  country  is  that  of  the  Wyoming  Development  Company,  taking 
water  from  Laramie  River  about  27  miles  southwest  of  Wheatland. 
This  canal  system  is  more  fully  described  in  the  Nineteenth  Annual 
Rejwrt,  Part  IV,  page  303.  Two  gaging  stations  are  maintained  on 
the  river,  one  at  Woods  Landing,  a  short  distance  after  the  river 
appears  in  Wyoming,  and  the  other  at  Uva,  near  its  mouth.  The 
former  station  is  26  miles  from  Laramie,  Wyoming,  and  is  reached  by 
stage.  Measurements  of  discharge  are  made  from  the  wagon  bridge 
which  spans  the  river  at  this  point. 

The  gage  rod  is  fastened  to  a  perpendicular  post  set  firmly  in  the 
bed  of  the  stream  and  braced  at  the  top  to  adjacent  trees,  and  is 
about  400  feet  above  the  bridge.  The  bench  mark  is  a  nail  in  a  notch 
on  a  Cottonwood  tree  1  foot  in  diameter,  6  feet  from  the  rod,  and  is  on 
a  level  with  the  7-foot  mark  on  the  rod.  The  measurements  here 
show  the  amount  of  water  available  for  the  use  of  the  irrigators 
below.  The  bottom  of  the  stream  is  composed  of  large  granite  bowl- 
ders, which  renders  the  shape  and  slope  of  the  channel  practically 
unchangeable,  but  adds  an  element  of  uncertainty  to  the  gaging 
results,  owing  to  the  difficulty  of  determining  the  correct  cross  section. 
Results  of  measurements  are  published  as  follows :  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  147;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  302;  1898,  Twentieth  Annual  Report,  Part  IV,  page  274. 
The  following  measurements  of  discharge  were  made  by  A.  J.  Par- 
shall  in  1899: 

May  26,  gage  height,  3.80  feet;  discharge,  2,598  second-feet. 
June  8,  gage  height,  3.10  feet;  discharge,  2,319  second-feet. 
June  21,  gage  height,  4.40  feet;  discharge,  4,145  second-feet 
July  6,  gage  height,  2.80  feet;  discharge,  2,194  second-feet. 

IBE  37 2 
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Daily  gage  height,  in  feet,  of  Laramie  River  at  Woode  Landing,  Wffoming,  for 

1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2:00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.60 
1.50 
1.40 
1.40 
1.30 
1.20 
1.15 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

1 

2.00 

1.20 
I.IO 
1.00 
1.00 
1.00 
1.20 
1.80 
1.40 
1.50 
1.60 
1.76 
1.96 
2.80 
2.55 
2.60 
2.65 
2.55 
2.45 
2.60 
2.65 
2.75 
2.85 
2.95 
8.10 
3.20 
3.20 
3.10 
3.25 
3.35 
8.80 
3.05 

8.15 
8.26 
8.25 
8.15 
2.05 
8.06 
3.00 
8.00 
8.00 
8.05 
8.45 
3.80 
4.80 
4.35 
8.75 
3.50 
3.75 
3.86 
3.95 
4.15 
4.26 
4.46 
4.50 
4.40 
4.66 
4.55 
4.40 
4.15 
4.05 
3.90 

8.75 
8.66 
3.50 
8.60 
8.10 
2.80 
2.70 
2.60 
2.45 
2.86 
2.50 
2.65 
2.65 
2.56 
2.45 
2.80 
2.20 
2.06 
2.00 
1.H5 
1.80 
1.86 
1.80 
1.80 
1.75 
1.75 
1.75 
1.90 
1.75 
1.60 
1.45 

1.40 
1.40 
1.66 
1.70 
1.75 
1.70 
1.60 
1.50 
1.40 
1.35 
1.20 
1.10 
1.10 
l.(« 
1.00 
1.00 
0.90 
0.90 
0.90 
0.90 
0.85 
0.80 
0.80 
0.80 
0.78 
0.75 
0.70 
0.60 
0.60 
0.76 
0.90 

0.80 
0.76 
0.76 
0.70 
0.60 
0.60 
0.60 
0.50 
0.50 
0.50 
0.66 
0.50 
0.50 
0.60 
0.60 
0.66 
0.60 
0.60 
0.60 
0.60 
0.50 
0.50 
0.50 
0.50 
0.50 
0.40 
0.40 
0.40 
0.40 
0.50 

0.40 
0.40 
0.40 
0.40 
0.60 
0.60 
0.66 
0.75 
0.80 
0.85 
0.80 
0.80 
0.70 
0.70 
0.70 
0.70 
0.70 
0.70 
0.60 
0.70 
0.75 
0.70 
0.70 
0.60 
0.60 
0.60 
0.60 
0.60 
8.60 
0.60 
0.60 

. 

2 

. 1 

3 

4  . 

2.00 

2.00 

....... 

1 

5. 

6 

1 

7 

0.60 

O.90 

8 

2.00 

9.  . 

10 

11.... 

2.10 

2.00 

— -— - 

12.... 

13 

U 

0.70 

LIO 

16.  . 

2.00 

16 

17 

18. 

2.00 

2.00 

19     .. 

20 

21 

0.70 

LOO 

22     ... 

2.00 

23 

24 

25 

2.00 

2.00 

26 

27 

28 

6.80 

LSD 

20 

30 

31 

....... 

LARAMIE  RIVER  AT  UVA,  WYOMING. 

This  station  is  located  18  miles,  by  wagon  road,  from  the  month  of 
the  river  at  Fort  Laramie,  and  the  results  obtained  show  practically 
the  amount  of  water  passing  out  of  the  State  from  this  drainage  area. 
The  rod  is  fastened  to  the  railroad  bridge  of  the  Cheyenne  Northern 
Railway,  a  half  mile  from  the  town  of  Ura,  while  discharge  measure- 
ments are  made  from  the  wagon  bridge  1,000  feet  below.  The  bench 
mark  is  a  spike  head  on  the  south  side  of  a  pile  on  the  east  end  of  rail- 
road bridge,  and  is  11.95  feet  above  zero  of  gage.  The  bed  of  the  river 
is  sandy  and  liable  to  change  during  high  water.  The  results  of  meas- 
urements are  shown  as  follows:  189G,  Eighteenth  Annual  Report-,  Part 
IV,  page  149;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  302; 
1898,  Twentieth  Annual  Report,  Part  IV,  page  176.  The  following 
measurements  of  discharge  were  made  by  A.  J.  Parshall  in  1899: 

April  25,  gage  height,  3  feet;  discharge,  863  second-feet. 
May  6,  gage  height,  2.80  feet;  discharge,  530  second-feet. 
May  30,  gage  height,  4.40  feet;  discharge,  2,022  second-feet 
June  13,  gage  height,  4.50  feet;  discharge,  2,144  second-feet. 
Jane  26,  gage  height,  5.80  feet;  discharge,  3,472  second-feet. 
July  13,  gage  height,  3.95  feet;  discharge,  1,607  second-feet. 
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Daily  gage  height,  in  feet,  of  Laramie  River  at  Uva,  Wyoming,  for  1890, 


Day. 

Jan. 

Feb. 

r                             —    ■  ^ 

Mar. 

Apr. 

1 

Hay. 

June. 

Jnly. 

Ang. 

Sept. 

Oct 

Nov. 

Dec. 

1 

2 

0.80 

1.40 

1.60 

1.50 
1.60 
1.40 
1.40 
1.50 
1.00 
1.80 
1.80 
2.00 
3.00 
3.40 
5.60 
5.10 
5.40 
4.80 
4.40 
4.30 
4.20 
3.20 
3.60 
3.00 
3.00 
3.30 
3.20 
3.(10 
3.00 
3.10 
3.00 
3.00 
3.00 

3.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.60 
2.40 
2.20 
2.00 
1.90 
1.90 
1.80 
1.80 
2.65 
3.40 
3.40 
3.30 
4.80 
4.80 
4.50 
4.40 
4.60 
4.80 
4.90 
4.80 
4.60 
4.50 
4.40 
4.40 

4.60 
4.70 
4.80 
4.80 
4.80 
4.80 
4.70 
4.60 
4.20 
4.10 
4.10 
4.20 
4.30 
4.30 
4.80 
5.00 
5.50 
5.50 
5.60 
5.60 
5.60 
5.50 
5.50 
5.60 
5.60 
5.80 
6.00 
5.90 
5.80 
5.70 

5.80 
5.30 
5.00 
4.90 
5.00 
5.10 
4.90 
4.70 
4.70 
4.00 
4.40 
4.20 
4.20 
4.10 
4.00 
4.00 
4.00 
3.80 
3.60 
3.50 
3.30 
3.10 
3.00 
2.90 
2.80 
2.60 
2.60 
2.50 
2.40 
2.40 
2.30 

2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.00 
1.50 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.60 
1.50 
1.40 
1.30 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.90 
0.90 
0.90 
0.90 

0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
0.90 
1.00 
1.10 
1.20 
1.20 
1.20 

i.ao 

1.30 
1.30 
1.30 
1.30 
1.80 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.60 
1.60 

1.50 

3 

4 

1.60 

5 

6 

7 

1.50 

8 

9 

1.00 

1.40 

1.40 

10  .... 

u 

1.40 

13 

13  .... 

14  .... 

i.ob 

15 

16 

1.00 

1.50 

2.00 

17    .. 

18    .. 

1.50 

19 

30 

21  .... 

1.60 

22 

23 

1.40 

1.50 

....... 

1.60 

24 

25 

1.50 

26 

27 

28 

29 

30 

"i.'ao" 

1.50 

1.50 

:".:;:::!:::::::.i 

1.90 

31  .... 

1 

NORTH  PLATTE  BIVER  AT  ORIN  JUNCTION,  WYOMING. 

This  river  has  its  source  in  the  mountains  of  North  Park  in  north- 
ern Colorado.  The  general  elevation  of  the  park  is  8,000  feet,  and  it 
is  surrounded  by  mountains  which  attain  an  elevation  of  12,000  feet. 
Irrigation  is  practiced  to  a  considerable  extent  from  small  ditches, 
which  are  used  almost  entirely,  however,  in  flooding  native  grass  lands 
for  forage  purposes.  The  river  passes  through  a  short,  narrow  canyon 
on  entering  Wyoming,  and  thence  flows  northerly  through  the  upper 
Platte  Valley,  which  extends  from  the  State  line  down  to  Fort  Steel. 
The  river  thence  continues  northerly,  receiving  a  number  of  impor- 
tant tributaries,  notably  Sweetwater  River,  in  the  basin  of  which  con- 
siderable irrigation  is  practiced.  The  only  station  maintained  in  this 
State  on  this  stream  at  present  is  at  Grin  Junction,  at  the  bridge  of 
the  Cheyenne  Northern  Railway.  The  rod  is  attached  to  the  mid- 
channel  pier  of  the  railroad  bridge,  and  is  connected  with  the  follow- 
ing bench  marks:  The  spike  on  top  of  the  cap  on  the  set  of  piles 
nearest  the  water  at  the  east  end  of  the  bridge  is  11.52  feet  above 
gage  datum.  The  bed  of  the  stream  is  composed  of  heavy  gravel  and 
sand,  the  cross  section  being  quite  uniform.  Measurements  at  this 
point  are  not  altogether  satisfactory,  on  account  of  the  occurrence  of 
bridge  piers,  which  interfere  with  the  uniform  flow  to  a  considerable 
extent.  Results  of  measurements  are  found  as  follows:  1896,  Eight- 
eenth Annual  Report,  Part  IV,  page  153;  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  307;  1898,  Twentieth  Annual  Report,  Part  IV, 
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page  206.     The  following  discharge  measurements  were  made  during 
1899  by  A.  J.  Parahall: 

April  24,  gage  height,  4.36  feet;  discharge,  6,289  seoond-feet. 
May  5,  gage  height,  3.70  feet;  discharge,  4,115  seoond-^eet. 
May  19,  gage  height,  5.70  feet;  discharge  13,422  second-feet. 
Jane  12,  gage  height,  6.85  feet;  discharge,  14,746  seoond-feet. 
June  26,  gage  height,  6.85  feet;  discharge,  20,855  second-feet. 
Jnly  12,  gage  height,  5.67  feet;  discharge,  10,784  second-feet. 
September  2,  gage  height,  1  foot;  dischai^ge,  239  second-feet. 

Daily  gage  tieight^  in  feet,  of  North  Platte  River  at  Orin  Junction,  Wyoming^  for 

1899. 


1 

Day.       Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct  '  Nov. 

1 

1 

1 

loa 

4.46 
4.25 
4.00 
3.85 
8.70 
3.66 

6.10 
6.96 
6.75 

"6."i6 
6.20 
6.20 
6.15 
5.95 
5.76 

"5.'96 
0.10 
6.50 
6.75 
6.80 
6.80 

""6.'36 
6.80 
6.65 
6.85 
6.95 
7.15 

"  6.'86 
6.66 
6.46 
6.40 
6.40 

0.40 

"6.40" 
6.30 
6.20 
6.15 
6.96 
6.75 

'6.'35 
5.16 
4.96 
4.88 
4.88 
4.96 

"4.'76 
4.68 
4.45 
4.20 
4.06 
8.86 

"3.73 
8.68 

aoo 

8.45 
8.28 
8.06 

"8,'6o' 

8.00 
2.93 
2.88 
2.73 
2.66 

"2.'68 
2.76 
2.73 
2.70 
2.63 
2.45 

"2.08" 
2.06 
1.08 
1.88 
1.78 
1.60 

"i."do' 

1.60 
1.63 
1.48 
1.38 
1.23 

"i."08* 
1.00 
l.UO 
1.00 

1.00 
.98 

'".96" 
.96 
.96 
.95 
.95 
.96 

.90 
.90 
.90 
.90 
.95 
1.00 

"i'.io 

1.30 
1.65 
1.68 
1.48 
1.88 

"i.a" 

1.20 
1.00 
1.00 
1.00 
1.00 

"i.'6o 

1.00 

1.00 

1.00 

.96 

.98 

"i.oo" 

1.08 
1.26 
1.18 
1.05 
1.06 

"i.'26 
1.35 
1.63 
1.70 
1.70 
1.63 

"lso" 

1.60 
1.58 
1.73 
1.75 
1.88 

"i"73 
1.60 

1.60 

1 

1 

2 

3 

4 

5 

4.66 

aoo 

6 

• ***•     • 

7    ... 

8 

8.86 
8.45 
8.85 
4.16 
4.30 
4.  GO 

"6.46' 
6.75 
5.86 
6.95 
6.05 
6.20 

"6.'30' 
6.20 
6.00 
5.76 
5.66 
5.35 

"6'76" 
0.06 
6.10 

1.40 

Ice. 

9-   .. 

10     ... 

2.66 
2.86 
8.96 
6.06 
6.45 
6.30 

11 

12     - 

4.46 

loe. 

. 



13 

14.... 
15 

1.30 

Iceu 

16 

17 

6.06 
4.80 
4.70 
4.45 
4.10 
8.85 

18 

19 

6.10 

loe. 

a) 

21 

33 

1.80 

loc. 

23    ..  . 

24     .  . 

4.05 
4.30 
4.90 
6.  TO 
6.70 
5.65 

2r>..    . 

26     .  . 

4.00 

27 

28 

29 

6.16 

1.25 

Ice. 

30.     . 

31 

NOKTH  PLATTE  RIVKE  AT  GERING,   NEBRASKA. 

This  river  does  not  receive  any  tributaries  of  imxK)rtance  after  pass- 
ing into  Nebraska.  A  number  of  canals  divert  water  between  the 
State  line  and  North  Platte,  at  the  junction  of  the  North  and  South 
Platte  rivers,  and  because  of  the  nonincrease  of  the  flow  from  im- 
portant tributaries  the  water  is  constantly  being  reduced.  A  gaging 
station  was  established  at  Gering,  Nebraska,  May  29,  1897,  and  is 
located  at  the  highway  bridge  at  this  point.  The  rod  is  fastened  to 
one  of  the  bridge  piles.  The  bench  mark  is  the  head  of  a  nail  on 
top  of  the  west  end  of  the  first  cap  at  the  south  end  of  the  bridge^  and 
is  6.61  feet  above  gage  datum.  The  results  of  discharge  measure- 
ments are  shown  as  follows:  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  308 ;  1898,  Twentieth  Annual  Report,  Part  IV,  page  267. 
The  following  discharge  measurements  were  made  by  R.  H.  Willis 
during  1899: 
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Measurements  of  North  Platte  Biver  at  Oeringy  Nebraska, 


Date. 


1809. 

Apr.  10 

Apr.  21. 

May  2 

May  16 

May  26 

June  6 

June  14 

June  20 

June  26 


Ga^re 
height. 


Feet. 
1.48 
2.10 
2.35 
2.10 
2.90 
2.70 
2.90 
3.00 
3.65 


Dis- 
charge. 


Sec-feet. 

8,464 

9,776 

11,096 

8,575 

12.912 

13,799 

14,176 

18,227 

28,473 


Date. 


1899 

July  6 

July  11 

July  18 

July  26 

Aug.  10 

Aug.  18 

Aug.24 

Sept.  21 

Sept.  30 


Gage 
height. 


Feet. 
8.09 
2.75 
2.88 
l.flO 
1.48 
1.40 
1.18 
1.05 
.95 


Dis- 
charge. 


Sea-feet. 

15,996 

12,806 

11,282 

6,196 

3,6n 

2,668 

2,160 

860 

957 


Daily  gage  height^  in  feet ^  of  North  Platte  River  at  Gering,  Nebraska^  for  1899, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

1 

2.35 
2.37 
2.35 
2.10 
2.00 
1.95 
1.80 
1.75 
1.73 
1.70 
1.68 
1.64 
1.82 
1.93 
2.00 
2.25 
2.40 
2.60 
2.76 
2.80 
2.85 
2.87 
2.87 
8.10 
2.85 
2.65 
2.43 
2.41 
243 
2t52 
2.70 

2.70 
2.71 
2.66 
2.61 
2.60 
2.72 
3.10 
3.00 
2.83 
2.73 
2.69 
2.68 
2.80 
2.90 
3.00 
3.20 
8.25 
3.15 
3.00 
2.95 
3.00 
3.05 
3.20 
3.27 
3.50 
3.55 
3.50 
3.80 
3.27 
3.25 

8.20 
8.15 
8.10 
8.W 
8.10 
8.06 

aoo 

2.95 
2.87 
2.70 
2.75 
2.68 
2.66 
2.46 
2.45 
2.44 
2.42 
2.87 
2.30 
2.25 
2.13 
2.05 
2.00 
2.00 
1.96 
1.90 
1.85 
1.81 
1.77 
1.67 
1.67 

1.65 
1.70 
1.75 
1.70 
1.58 
1.55 
1.51 
1.47 
1.48 
1.68 
1.47 
1.60 
1.48 
1.37 
1.35 
1.43 
1.40 
1.87 
1.36 
1.32 
1.26 
1.23 
1.23 
1.20 
1.20 
1.10 
1.10 
1.10 
1.13 
1.10 
1.07 

1.05 

1.02 

1.00 

1.02 

1.04 

1.01 

1.01 

1.00 

1.00 

1.00 

l.OO 

1.00 

1.00 

.95 

.95 

1.00 

.08 

1.00 

1.00 

1.06 

1.06 

.98 

1.08 

1.03 

.96 

.96 

1.00 

.98 

.91 

.90 

0.98 

.95 

.95 

.96 

.96 

.96 

.96 

.96 

.96 

.97 

1.06 

1.07 

1.07 

1.06 

1.07 

1.04 

1.10 

1.02 

1.16 

1.20 

1.23 

1.25 

1.27 

1.28 

1.23 

1.23 

1.27 

1.30 

i.ao 

1.30 
1.30 

2  :::..: 

3 

4 

5 

6 

7 

8 

0 

10 

1.48 

1.41 

1.53 

1.85 

2.22 

2.42 

2.51 

2.58. 

2.88 

2.43 

2.20 

2.21 

2.06 

1.92 

1.90 

1.88 

1.93 

2.12 

2.40 

2.39 

2.87 

11 

12 

13 , 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31 

Cloeed  for  winter  October  31. 


NORTH  PLATTE  RIVER  AT  CAMP  CLARKE,  NEBRASKA. 

A  third  gaging  station  on  this  river  is  located  at  the  bridge  at  Camp 
Clarke,  Nebraska,  and  was  established  on  June  27,  1896.  The  rod 
consists  of  an  oak  timber  2  by  4  inches,  10  feet  long,  fastened  to  cross- 
ties  which  are  bedded  in  the  bank  of  the  river.  Bench  mark  No.  1 
consists  of  a  spike  driven  horizontallj'^  in  the  northeast  side  of  the 
downstream  pile  of  the  bent  at  the  north  end  of  the  first  truss  span, 
on  the  south  end  of  the  bridge,  and  is  7.55  feet  above  gage  datum. 
Bench  mark  No.  2  is  a  point  on  the  southeast  corner  of  the  window 
sill  at  the  front  of  the  store,  and  is  9.74  feet  above  the  zero  of  the 
gage.  The  results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  lY,  page   154;    1897,  Nineteenth 
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Annual  Report,  Part  IV,  page  308;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  268.  The  following  discharge  measurements  were  made 
by  R.  H.  Willis  in  1899 : 

MecLSuremenis  of  North  Platte  River  at  Camp  Clarke,  Nebraska, 


Date. 


1899 

Apr.  11 

Apr.  22 

Mays 

May  17 

May  27 

June  8 

June  17 

June  24 

June  28 

July  8 

July  13 


Oaee 
height. 


2.57 
3.46 
3.41 
3.62 
3.90 
4.42 
4.46 
6.05 
6.00 
4.76 
4.25 


Dis- 
charge. 


Sec-feet. 

2,823 

8,625 

7,982 

9.646 

13.492 

16,607 

18,287 

18,330 

82.908 

18.706 

12,268 


Date. 


1899 

July  20 

July  29 

Aug.  6 

Aug.  12 

Aug.  19 

Aug.  29 

Sept.  5 

Sept.  14 

Sept.  28 

Sept.  20 

Oct.  19 


Gage 
height. 


Dis- 
charge. 


Feet. 
8.97 
8.00 
2.90 
2.92 
2.67 
2.46 
2.13 
2.06 
2.08 
2.10 
2.16 


Sec-feet. 
9,a55 
4,747 
4,187 
3,212 
2,359 
1,482 


758 
7M 
863 

Ulio 


Daily  gage  height,  in  feet,  of  North  Platte  River  at  Camp  Clarkej  Nebraska,  for 

1899, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept, 

Oct. 

1 

1 

3.68 
3.73 
3.80 
3.13 
8.34 
8.30 
2.80 
2.80 
2.74 
2.80 
2.78 
2.87 
2.99 
3.02 
3.19 
3.40 
3.61 
3.74 
8.87 
4.06 
4.19 
4.38 
4.28 
4.19 
4.d0 
4.08 
3.86 
3.75 
3.80 
3.92 
4.08 

4.12 
4.18 
4.12 
4.10 
4.09 
4.22 
4.40 
4.36 
4.25 
4.21 
4.02 
8.97 
4.02 
4.08 
4.22 
4.46 
4.48 
4.25 
4.10 

?„ 

4.95 
5.08 
5.80 
5.35 
6.20 
6.00 
4.86 
4.85 

4.81 
4.88 
4.85 
4.88 
4.80 
4.87 
4.83 
4.82 
4.70 
4.50 
4.46 
4.40 
4.25 
4.14 
4.20 

(a) 
4.00 
8.93 
3.80 
3.75 
3.66 
8.50 
3.48 
8.32 
8.20 
3.20 
8.07 
2.98 
a.  04 

2.88 
2.98 
3.10 
3.08 
2.88 
2.88 
2.90 
2.84 
2.76 
2.85 
2.95 
2.91 
8.08 
2.81 
2.74 
2.84 
2.82 
2.77 
2.70 
2.68 
.      2.60 
2.62 
2.68 
2.56 
2.58 
2.48 
2.47 
2.48 
2.47 
2.35 
2.34 

2.28 
2.22 
2.06 
2.03 
2.11 
2.16 
2.U0 
2.10 
2.12 
2.16 
2.U 
2.02 
2.(0 
2.15 
2.13 
2.15 
2.17 
2.18 
2.21 
2.23 
2.21 
2.19 
2.iSi 
2.40 
2.30 
2.28 
2.20 
2.30 
2.22 
2.25 

1 
2.38    ' 

2 

2.27    1 

8 

2.23    i 

4 

2.22    1 

5 

2.65 
2.60 
2.62 
2.67 
2.68 
2.58 
2.65 
2.64 
2.86 
3.26 
3.76 
8.70 
3.68 
3.68 
3.60 
3.66 
3.50 
3.43 
3.15 
3.08 
3.05 
3.05 
8.20 
3.66 
3.65 
3.76 

2.21      ; 

6 

2.19 

7 

2.30 

8 

2.20 
2.28 
2.25 
2.28 
2.22 
2.29 
2.28 
2.3* 
2.25 
2.90 
2.S 
2.22 
2.25 

9 

10 

Jl 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

2.40    1 

22 

23 

. .__ 

24 

25 

—  

26 

27 , 

28 

29 

30 

1 

31 

1 

.   — .            / 

DlHcontinued  October  31. 


a  Bridge  out. 


/Bod  out. 


NORTH  PLATTE   RIVER  AT  NORTH  PLATTE,   NEBRASKA. 

The  lowest  gaging  station  on  this  river  is  located  at  the  wagon 
bridge  at  Nortli  Platte,  Nebraska,  and  was  established  in  1894.  It  is 
3.5  miles  above  the  junction  of  the  South  Platte  River.  The  bridge 
is  a  long,  low,  pile  bridge,  having  93  spans  of  approximately  20  feet 
each,  crossing  the  main  channel  of  the  river.  North  of  this  is  anothi-r 
bridge  crossing  a  slough,  through  which  no  water  passes,  however, 
except  in  time  of  flood.     The  gage  rod  is  at  the  railroad  bridge  2  miles 
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below  the  wagon  bridge.  The  zero  is  12  feet  below  the  top  and  imme 
diately  under  the  east  rail  of  the  track.  The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  158;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  309;.  1898, 
Twentieth  Annual  Report,  Part  IV,  page  269.  The  following  dis- 
charge measurements  were  made  by  Glenn  E.  Smith  and  Charles  P. 
Ross  during  1899 : 

Measurementa  of  North  Platte  River  at  North  Platte,  Nebraska, 


Date. 


1899. 

Apr.  19 

May6 

May  22 

Juned 

JnDel5 

June  19 


Gaffe 
height. 

Dis- 
charge. 

Feet. 

Sec-feet. 
9,111 

3.ao 

8.00 

8,239 

8.80 

12,962 

8.00 

13,310 

3.00 

11.330 

i.20 

16,257 

Date. 


1899. 

July  17 

Aug.8 

Aug.  28 

Sept.  15 

Oct.4 , 


Gage 
height. 


Feet. 
3.30 
2.60 
1.85 
1.55 
1.70 


Dis- 
charge. 


Sec-feet. 

10,351 

4,637 

2,013 

976 

713 


Daily  gage  height ,  in  feet,  of  North  Platte  River  at  North  Platte,  Nebraska,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 
4.10 

Aug. 

Sept. 

Oct. 

Kov. 

Dec 

1 

2.70 

3.00 

8.00 

2.30 

8.50 
3.  So 

3.55 

2.60 

1.90 

1.55 

1.90 

2.10 

3 

2.70 

8.00 

8.00 

2.10 

3.70 

4. 20 

2.70 

1.80 

1.50 

2.00 

2.10 

3 

2.70 

3.00 

3.00 

2.80 

3.40 

3.80 

4.15 

2.70 

1.80 

1.60 

2.00 

2.05 

4 

2.70 

3.00 

8.00 

2.70 

3.25 

3.80 

4.10 

2.80 

1.80 

1.70 

2.05 

2.05 

5 

2.70 

3.00 

3.00 

2.60 

3.15 

8.70 

4.10 

2.80 

1.05 

1.70 

2.10 

2.30 

6 

2.70 

8.00 

3.00 

2.80 

3.00 

3.60 

4.10 

2.70 

1.65 

1.70 

2.15 

2.60 

7 

2.70 

8.00 

3.00 

2.85 

3.00 

8.65 

4.00 

2.65 

1.70 

1.70 

2.10 

2.60 

8 

2.70 

3.00 

8.00 

2.55 

3.25 

3.80 

4.00 

2.60 

1.70 

1.60 

2.10 

2.60 

9 

2.70 

3.00 

3.00 

2.50 

3.15 

3.90 

4.00 

2.50 

i.m 

1.60 

2.10 

2.40 

10 

2.70 

3.00 

3.10 

2.50 

2.80 

8.90 

4.00 

2.40 

1.55 

1.60 

2.10 

2.40 

U 

2.70 

8.00 

3.10 

2.50 

2.75 

3.85 

8.90 

2.80 

1.60 

1.60 

2.10 

2.40 

12 

2.70 

8.00 

3.10 

2.60 

2.60 

3.75 

3.65 

2.30 

1.60 

1.70 

2.10 

2.40 

13 

2.70 

8.00 

3.10 

2.65 

2.60 

3.&5 

3.60 

2.35 

1.60 

1.70 

2.00 

2.40 

U 

2.70 

3.00 

8.10 

2.60 

2.50 

3.65 

3.60 

2.50 

1.60 

1.65 

2.  a) 

2.40 

15 

2.70 

3.00 

3.10 

2.45 

2.60 

3.60 

3.55 

2.60 

1.55 

1.80 

2.06 

2.40 

16 

2.70 

3.00 

3.10 

2.50 

2.65 

3.70 

3.40 

2.40 

1.50 

1.80 

2.10 

2.40 

17 

2.70 

3.00 

3.00 

3.25 

2&5 

3.95 

3.30 

2.35 

1.50 

1.80 

2.05 

2.40 

18 

2.70 

3.00 

2.80 

3.30 

3.05 

4.00 

3.20 

2.40 

1.60 

1.80 

2.00 

2.40 

19 

2.80 

3.00 

2.80 

3.35 

3.05 

4.20 

3.25 

2.30 

1.50 

1.80 

2.10 

2.40 

ao 

2.80 

3.00 

2.80 

3.40 

8.40 

4.15 

3.30 

2.80 

1.50 

1.80 

2.10 

2.40 

21 

2.80 

3.00 

2.50 

8.30 

8.60 

3.05 

8.30 

2.30 

1.60 

1.80 

2.20 

2.40 

22 

2.90 

3.00 

2.80 

3.10 

3.75 

8.85 

3.30 

2.00 

1.60 

1.80 

2.20 

2.40 

23 

2.80 

3.00 

2.80 

3.10 

8.75 

3.90 

3.15 

2.00 

1.50 

1.80 

2.10 

2.40 

24 

2.80 

3.00 

3.06 

3.10 

3.80 

3.85 

3.00 

1.00 

1.50 

1.80 

2.10 

2.45 

25.  ... 

8.00 

3.00 

2.00 

3.00 

3.70 

4.15 

.  2.95 

1.00 

1.50 

1.80 

2.10 

2.55 

28 

8.00 

3.00 

2.60 

2.90 

3.80 

4.30 

2.80 

1.90 

1.60 

1.90 

2.10 

2.70 

27 

3.00 

3.00 

2.60 

3.00 

3.85 

4.45 

2.80 

1.90 

1.60 

2.00 

2.10 

2.70 

28 

8.00 

3.00 

2.55 

3.00 

3.85 

4.40 

2.85 

1.85 

1.55 

2.00 

2.20 

2.70 

29 

8.00 

2.50 

3.00 

3.75 

4.30 

2.70 

1.75 

1.60 

2.01) 

2.10 

2.70 

;*l 

3.00 

2.55 

3.10 

3.50 

4.25 

2.70 

1.65 

1.60 

2.00 

2.10 

2.70 

31 

3.00 

2.60 

--.... 

3.50 

2.55 

1.75 

1.95 

2.05 

SOUTH  PLATTE  RIVER. 

The  headwater  tributaries  of  this  stream  have  their  sources  in  the 
high  mountain  i)eaks  surrounding  the  basin  known  as  South  Park. 
The  average  elevation  of  the  valley  is  8,000  feet,  while  the  peaks 
attain  an  elevation  of  13,000  feet.  Considerable  irrigation  is  prac- 
ticed on  a  small  scale,  but  principally  for  forage  crops,  as  on  account 
of  the  high  altitude  only  the  hardier  products  can  be  raised.     The 
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streams  have  a  general  northerly  direction,  and  upon  issuing  from  the 
mountainous  area  the  water  is  quickly  appropriated  by  the  large  irri- 
gation enterprises  serving  land  on  both  sides  of  the  South  Platte 
River  in  the  vicinity  of  Denver.  A  number  of  smaller  streams  rising 
on  the  eastern  slope  of  the  Rocky  Mountains  drain  easterly  into  the 
South  Platte  River.  The  principal  tributaries  are — ^in  order  down- 
stream— Bear  Creek,  Clear  Creek,  South  Boulder  Creek,  Boulder 
Creek,  St.  Vrain  Creek,  Big  Thompson  Creek,  and  Cache  la  Poudre 
River.  Gaging  stations  have  been  maintained  on  them  also  as  well 
as  one  at  Lake  Cheesman  on  the  South  Fork  of  South  Platte,  and  one 
on  Goose  Creek,  which  also  contributes  to  the  supply  of  the  proposed 
reservoir.  The  next  one  downstream  on  the  main  river  is  at  Platte 
Canyon,  the  third  one  at  Denver,  and  the  lower  one  at  Orchard, 
Colorado.  Besides  the  measurements  of  discharge  at  regular  stations 
a  number  of  others  have  been  made  in  this  basin  during  1899,  as  fol- 
lows: April  14  a  measurement  of  the  High-line  ditch  in  the  South 
Platte,  at  a  gage  height  of  1.20  feet,  showed  a  discharge  of  98  second- 
feet.  On  July  28  the  same  canal  was  measured  twice,  the  first  time 
at  a  gage  height  of  3.25  feet,  showing  a  discharge  of  432  second-feet; 
the  second  time  at  a  gage  height  of  3  feet,  with  a  discharge  of  375 
second-feet.  On  the  same  day  also  the  South  Platte  River  was  dis- 
charging over  the  High-line  dam,  at  a  gage  height  of  0.50  foot,  73 
second-feet.  September  14,  South  Platte  River,  at  Julesburg,  was 
carrying  2  second-feet.  October  4  the  river  at  the  dam  of  the  High- 
line  canal,  at  a  gage  height  of  0.13  foot,  was  discharging  12  second- 
feet. 

A  notable  storage  proposition  on  which  work  was  prosecuted  during 
the  past  season  is  that  of  the  dam  of  Lake  Cheesman,  which  is  located 
on  the  South  Fork  of  South  Platte  River,  below  the  mouth  of  Goose 
Creek.  The  dam,  which  is  partially  completed,  will  be  215  feet  high. 
Its  length  at  its  base  is  only  20  feet  and  at  the  top  it  will  be  520  feet. 
The  abutments  are  solid  granite.  The  main  tunnel  for  diverting  the 
flow  during  the  course  of  the  construction  of  the  dam  is  now  com- 
pleted, and  work  is  now  progressing  on  two  subsidiary  tunnels.  The 
dam  is  to  be  rock  filled  and  steel  plate  faced.  The  capacity  of  the 
reservoir  is  about  90,000  acre-feet.  The  object  of  this  ent-erprise  is 
to  develop  electric  power  to  be  used  in  the  city  of  Denver,  and  also 
to  furnish  a  water  supply  for  the  same  city. 

GOOSE  CREEK  AT  LAKE  CHEESMAN,  COLORADO. 

The  station  on  this  creek,  a  tributary  of  South  Platte  River,  was 
established  August  ^1,  1899,  by  J.  A.  Runner,  assistant  engineer  of 
the  Denver  Union  Water  Company.  It  was  desired  to  obtain  the 
flow  of  the  South  Fork  of  South  Platte  River  at  this  i)oint,  where  the 
construction  of  the  Cheesman  dam  has  been  begun,  the  dischai^e  of 
Goose  Creek  being  added  to  the  South  Fork  of  South  Platte  to  give 
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the  total  flow  at  this  point.  The  station  is  maintained  by  the  Denver 
Union  Water  Company.  All  discharge  measurements  for  1899  have 
been  made  by  means  of  floats.  This  station  is  to  be  considered  sim- 
ply as  temporary,  as  it  will  be  necessary  to  move  it  farther  upstream 
when  water  is  stored  in  the  reservoir.  The  following  discharge 
measurements  were  made  by  J.  A.  Runner  during  1899: 

September  8,  gage  height,  0.05  foot;  discharge,  24  second-feet. 
October  8,  gage  height,  0.84  foot;  discharge,  10  second-feet. 
Noyemlier  19,  gage  height,  0.72  foot;  discharge,  8  second-feet. 
December  8,  gage  height,  0.76  foot;  discharge,  9  second-feet. 

Daily  gage  fieight^  in  feeU  of  Ooose  Creek  at  Lake  Cheesman,  Colorado,  for  1899, 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

X^vC* 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

X-r©C» 

1... 

2... 

8... 

4... 
-    5. 

6  -. 

7.  . 

8... 

9... 
10... 
11... 
12... 
1»  .. 

14  . 

15  . 
16... 

1.25 
1.20 
l.»> 

i.a2 

1.35 
1.16 
1.25 
1.26 
1.10 
1.00 
1.06 
1.06 
1.06 
1.05 
1.01 
1.04 

0.97 

.95 

a. 95 

a. 95 

a. 95 

a. 96 

a. 95 

.96 

.94 

.94 

.92 

.90 

.89 

.88 

.89 

.90 

0.86 
.86 
.86 
.86 
.86 
.86 
.86 
.84 
.84 
.85 
.86 
.86 
.86 
.86 
.86 

.a5 

'"6."86" 
"".86* 

0.80 
"'■.76' 
"".'74 

17.... 

18.... 

19.... 

20  ... 

21.... 
1  22.... 
,  23.... 

25.... 
26... 
27-... 

28.... 
29.... 
30.... 
31.... 

1.04 
1.00 
.98 
.96 
.96 
.95 
.94 
.93 
.93 
.92 
.91 
.90 
.91 
.93 
.96 

.90 
.89 

.88 

.88 

.88 

.88 

a. 88 

a. 88 

a. 88 

.87 

.87 

.86 

.86 

.86 

.86 
.86 
.87 
.87 
.88 
.88 
.88 

.86 

.74 

"".m" 

.80 

.87 
.87 

""'."ra' 

'".7B 

.82 

.80 

.80 

.86 

.74 

.86 

.73 

a  Estimated. 


SOUTH  FORK  OF  SOUTH  PLATTE  RIVER  AT  LAKE  CHEESMAN,  COLORADO. 

This  station  was  established  July  31, 1899,  and  has  been  maintained 
since  that  time  by  the  Denver  Union  Water  Company,  J.  A.  Run- 
ner, assistant  engineer,  making  the  discharge  measurements.  It  is 
located  above  the  mouth  of  Goose  Creek,  and  is  maintained  in  order 
to  determine  the  flow  available  for  Lake  Cheesman.  The  discharge 
here  should  be  added  to  the  discharge  of  Goose  Creek,  as  the  dam 
for  this  reservoir  is  located  below  the  mouth  of  the  latter  tribu- 
tary. It  will  be  necessary  in  this  case,  as  in  the  preceding  one,  to 
move  the  station  upstream  when  water  has  been  stored  in  the  reser- 
voir, so  the  station  can  be  considered  merely  as  a  temporary  one.  It 
is  the  intention  that  both  the  inflow  and  the  discharge  from  the  reser- 
voir shall  be  accurately  measured  after  the  storage  lias  begun.  The 
following  measurements  of  discharge  were  made  by  J.  A.  Runner  by 
means  of  floats  in  1899 : 

Ju]y  31,  gage  height,  8.62  feet;  discharge,  806  second-feet. 
September  8,  gage  height,  1.45  feet;  discharge,  184  second-feet. 
October  3,  gage  height,  1.23  feet;  discharge,  95  second-feet. 
November  19,  gage  height,  1.80  feet:  discharge,  107  second- feet. 
December  3,  gage  height,  1.24  feet;  discharge,  97  second-feet 
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Daily  gage  height,  in  feet,  of  South  Platte  River  at  Lake  Cheesman,  Colorado,  for 

1899, 


Day. 

Aug. 

f 
Sept. 

Oct. 

Nov. 

Dec 

Day. 

Au^. 

Sept. 

Oct. 

Not. 

Dec 

1... 

2.. 

8.. 

4... 

6... 

6-. 

7... 

8... 

9.. 

10  -. 

11. 

12... 

13... 

14... 

15  .. 

16.   . 

2.65 
2.20 
2.60 
8.70 
8.55 
8.10 
2.60 
2.60 
2.35 
2.15 
1.98 
1.96 
1.92 
1.87 
1.79 
1.70 

1.61 
1.60 

(o) 
(a) 
la) 
la) 
1.45 
1.45 
1.44 
1.42 
1.40 
1.38 
1.83 
1.32 
1.33 

1.23 

1.23 

1.28 

1.24 

1.26 

1.05 

.88 

.86 

.85 

.80 

.80 

.80 

.90 

1.10 

1.40 

1.40 

1.26 

17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
26.... 
28.... 
27.... 
28.... 
29.... 
30.... 
31.... 

1.72 
1.72 
1.67 
1.60 
1.57 
1.66 
1.54 
1.63 
1.60 
1.60 
1.48 
1.4« 
1.44 
1.43 
1.48 

1.84 
1.86 
1.37 
1.86 
1.87 
1.88 

(0) 
la) 

% 

1.27 
1.26 
1.28 

1.80 
1.20 
1.20 
1.28 
1.30 
1.28 
1.27 

i.28 
1.30 

■■i.24' 

""i.»" 

i.oi 

i.26 

"i'is 

1.24 

"Tu 

"i.io  "1 

1.46 
1.41 

"Tii" 

• 

"".92 
"".90 

.98 

1.80 

1.40 

.92 

1.20 

1.00 

1 

1 

a  No  readings. 
SOUTH  PLATTE  RIVER  AT  PLATTE  CANYON,  COLORADO. 

This  station  has  been  maintained  for  sometime  by  the  Denver 
Union  Water  Company,  but  cooperation  with  this  Survey  was  not 
begun  until  April  1,  1899.  The  station  is  located  at  a  point  about  2 
miles  above  Platte  Canyon  railway  station,  on  the  Colorado  and 
Southern  Railroad.  The  rod  is  an  inclined  2  by  6  timber  on  the  right- 
hand  side  of  the  stream,  marked  with  brass  nails.  The  bench  mark 
is  a  point  chiseled  in  a  circle  just  south  of  the  Denver  Union  Wat^r 
Company's  pipe  line,  and  15  feet  south  of  the  zero  point  of  soundings 
on  the  bridge.  It  is  on  a  granite  rock  and  is  10  feet  above  gage 
datum.  Measurements  of  discharge  are  made  from  the  footbridge 
constructed  by  the  Denver  Union  Water  Company.  The  channel  of 
the  stream  is  rocky,  and  at  first  it  was  considered  that  it  was  not  liable 
to  material  change;  but  during  a  freshet  of  considerable  size  erosion 
took  place,  making  necessary  a  change  in  the  rating  table.  This  sta- 
tion gives  the  total  discharge  of  the  river  at  Platte  Canyon  before  any 
water  is  taken  out  for  irrigation  or  any  other  purposes  excepting  that 
taken  out  by  the  Denver  Union  Water  Company  at  a  point  about 
1  mile  above  the  station.  The  observer,  G.  E.  Carleton,  Littleton, 
Colorado,  is  superintendent  of  the  filtering  plant  belonging  to  the  Den- 
ver Union  Water  Company.  He  furnishes  gage  readings  to  the  United 
States  Weather  Bureau  at  Denver,  where  they  are  published  each  day. 
The  following  discharge  measurements  were  made  under  the  direction 
of  A.  L.  Fellows  during  1899 : 

April  14, 1899,  gage  height,  1.8  feet;  discharge,  559  second-feet. 
May  8, 1899,  gage  height,  1.5  feet;  discharge,  500  second-feet. 
June  10, 1899,  gage  height,  2.9  feet;  discharge,  1,127  second-feet. 
Jnly  28,  1899,  gage  height,  1.8  feet;  discharge,  633  second-feet. 
October  4, 1899,  gage  height,  0.1  feet;  discharge,  146  second- feet. 
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Daily  gage  height^  in  feet,  of  South  Platte  River  at  Platte  Canyon,  Colorado,  for 

1899. 


Day. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

-0.10 

-  .40 

-  .40 
-1.10 
-1.80 

-  .60 

-  .00 

-  .70 

-  .80 

-  .40 

-  .30 
.10 
.30 
.00 
.30 
.00 
.70 
.60 
.60 
.60 
.00 
.60 
.60 
.60 
.50 
.40 
.30 
.80 
.80 
.80 
.40 

1 

0.50 

.60 

.56 

.60 

.60 

.50 

.60 

.60 

.70 

.70 

.80 

1.20 

1.50 

1.80 

1.90 

1.70 

1.80 

2.00 

1.80 

1.70 

1.40 

1.40 

1.50 

1.60 

1.80 

2.10 

1.9U 

1.90 

1.70 

1.60 

1.40 
1.60 
1.50 
1.20 
1.10 
1.10 
1.20 
1.50 
1.90 
2.10 
2.20 
2.80 
2.60 
2.60 
2.60 
2.70 
2.60 
2.60 
2.60 
2.50 
2.40 
2.30 
2.80 
2.40 
2.40 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 

2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.50 
2.80 
8.00 
2.90 
8.00 
8.20 
8.80 
8.60 
3.40 
3.60 
3.60 
8.60 
8.50 
4.65 
4.20 
4.20 
8.90 
8.60 
8.60 
3.70 
8.60 
8.40 
3.80 
8.20 

3.20 
3.80 
4.10 
4.10 
3.90 
3.60 
8.40 
3.40 
3.30 
3.10 
2.80 
2.70 
2.70 
3.00 
8.00 
3.00 
a20 
3.80 
3.10 
3.00 
2.60 
2.40 
2.20 
2.10 
2.00 
1.90 
1.90 
1.80 
2.20 
2.80 
3.10 

2.50 

2.20 

2.60 

3.80 

3.80 

2.90 

2.70 

2.50 

2.30 

^.00 

1.80 

1.60 

1.60 

1.00 

1.60 

1.40 

1.40 

1.30 

1.20 

1.10 

1. 00 

1.00 

.90 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

I.IO 

0.90 
.90 
.90 
.80 
.70 
.60 
.60 
.60 
.60 
.00 
.60 
.60 
.50 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.40 
—.10 
+.20 
.50 
.20 
.30 
.20 
.20 
.10 
.10 

0.10 

.00 

.00 

.00 

.10 

.10 

.10 

-.20 

-.30 

-.80 

-.20 

-.20 

—.10 

—.10 

.30 

.30 

.30 

.40 

.40 

.30 

.30 

.30 

.30 

.20 

.30 

.30 

.30 

.30 

.30 

.JK) 

.30 

0.40 

.30 

.40 

.40 

.40 

.40 

.30 

.40 

.40 

.30 

.30 

.30 

.30 

.30 

.30 

.30 

.10 

.10 

.00 

-.20 

.10 

.00 

.30 

.•» 

-.20 

—.40 

-.60 

-.30 

.10 

-.10 

2 

3 

4 

B ... 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

19 

20 

21 

22 

23 

24 

25 

20 . 

27 

28 

29 

30 

31 

SOUTH  PLATTE  RIVER  AT  DENVER,  COLORADO. 

The  gaging  station  at  this  point,  established  July  15, 1895,  is  located 
at  the  Fifteenth  street  bndge  in  the  city  of  Denver,  immediately  Inflow 
the  month  of  Cherry  Creek.  The  rod  at  present  used  is  fastened  to  a 
post  in  the  left  bank  of  the  river  and  graduated  to  vertical  feet  and 
tenths.  The  bench  mark  is  a  cross  on  top  of  east  abutment  of  the 
Fifteenth  street  bridge  on  the  north  corner,  and  is  15.15  feet  above 
gage  datum.  The  river  is  confined  between  slag  embankments,  and 
the  bed,  although  sandy  and  shifting,  did  not  materially  change  dur- 
ing 1899.  Mr.  W.  J.  Southland,  water  commissioner  of  Colorado 
Irrigation  District  No.  2,  cooperated  with  this  survey  in  furnishing 
the  gage  readings,  which  are  also  transmitted  to  the  United  States 
Weather  Bureau,  and  published  each  day  in  the  Denver  daily  papers. 
The  station  is  an  important  one,  and  it  is  fortunate  that  it  can  so 
easily  be  reached  and  discharge  measurements  made  without  great 
exx)ense.  Results  of  measurements  may  l)e  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  165;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  313;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  279.  The  following  measurements  of  discliarge  wei-e 
made  by  A.  L.  Fellows  in  1899 : 

April  12,  gage  height,  6.0  feet;  discharge,  422  second-feet. 
May  11,  gage  height,  0.03  feet;  discharge,  355  second-feet. 
Jmie  12,  gage  height,  6.2  feet;  discharge,  764  second- feet. 
Jnly  27,  gage  height,  5.32  feet;  discharge,  213  second-feet. 
Angnst  4,  gage  height,  6.93  feet;  discharge,  1,200  second-feet. 
September  6,  gage  height,  5.0.")  feet:  discharge,  288  second-feet. 
October  5,  gage  heip:ht,  5.1  fl^o^,;  discharge,  100  second-feet. 
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Daily  gage  height^  in  feet,  of  South  Platte  River  at  Denver,  Colorado,  for  lSSf9. 


Day. 

Jan. 

Feb. 
4.80 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

4.80 

6.10 

6.10 

5.85 

5.90 

6.80 

6.30 

6.00 

6.80 

6.15 

5.56 

2 

4.70 

4.80 

6.00 

6.05 

5.86 

5.90 

6.66 

5.05 

5.06 

6.20 

5.25 

5.65 

3 

4.  HO 

4.80 

6.00 

6.00 

5.75 

6.10 

6.05 

5.00 

6.00 

6.15 

6.35 

5.15 

4 

4.90 

4.80 

6.90 

6.96 

5.75 

5.90 

7.10 

7.00 

6.00 

5.10 

5.40 

5.S5 

5 

4.90 

4.90 

5.90 

6.90 

5.80 

6.00 

7.00 

7.20 

5.00 

6.10 

5.30 

5.36 

0    .... 

4.  HO 

4.90 

5.80 

6.80 

6.05 

5.05 

6.60 

6.05 

5.85 

5.10 

6.25 

5.50 

7    ... 

4.90 

4.80 

6.80 

6.75 

6.85 

6.30 

6.46 

6.76 

6.80 

5.05 

5.35 

5.60 

8 

4.90 

4.70 

6.70 

6.80 

6.76 

6.60 

6.40 

6.00 

6.80 

4.90 

6.40 

5.15 

0 

4.80 

4.80 

5.60 

5.90 

5.75 

6.60 

6.40 

6.45 

6.80 

4.90 

5.25 

5.15 

10 

4.70 

4.90 

6.50 

6.05 

6.05 

6.46 

6.85 

6.30 

6.80 

5.00 

5.30 

5.30 

u 

4.80 

4.80 

5.60 

6.15 

6.05 

6.25 

6.15 

6.30 

6.76 

6.00 

5.40 

6.06 

13 

4.80 

4.90 

5.70 

6.10 

6.10 

6.25 

6.00 

6.30 

6.76 

5.00 

5.70 

5.15 

13 

4.90 

5.10 

5.00 

6.15 

6.35 

6.45 

6.05 

6.00 

6.70 

6.10 

6.00 

5.15 

14 

5.00 

5.30 

6.80 

6.30 

6.35 

6.60 

6.40 

6.00 

6.65 

5.30 

5.60 

5.06 

15 

4.90 

5.30 

6.80 

6.25 

6.35 

6.66 

6.25 

6.00 

6.70 

5.30 

6.55 

5.30 

Hi 

4.90 

5.30 

6.90 

6.90 

6.30 

6.60 

6.30 

6.90 

5.75 

5.25 

5.45 

5.30 

17 

4.80 

5.40 

6.00 

6.20 

6.26 

6.66 

6.40 

6.66 

6.80 

5.15 

6.55 

&26 

18 

4.90 

6.70 

6.10 

6.35 

6.20 

6.65 

6.45 

6.65 

5.75 

5.05 

6. 85 

5.30 

1« 

4.80 

6.30 

6.15 

6.25 

6.08 

6.65 

6.00 

6.56 

5.75 

5.15 

6.45 

5.35 

30 

4.80 

6.30 

6.25 

6.05 

6.06 

6.85 

6.80 

5.65 

5.80 

6.30 

5.70 

5.25 

21 

4.80 

6.  (JO 

6.30 

6.95 

6.  a) 

7.10 

6.20 

6.05 

6.70 

5.10 

5.65 

5.25 

25 

4.70 

5.90 

6.30 

5.05 

5.00 

7.00 

6.00 

6.03 

5.65 

5.15 

5.75 

5.25 

^i 

4.80 

6.70 

6.06 

5.05 

5.80 

6.90 

5.00 

5.08 

6.60 

5.35 

5.70 

5.80 

34    .... 

4.70 

5.60 

6.00 

6.00 

5.88 

6.90 

6.80 

5.93 

5.30 

5.30 

5-70 

5.35 

25 

4.80 

5.50 

5.90 

5.95 

5.80 

6.80 

6.70 

5.85 

6.00 

5.30 

5.00 

5.40 

3« 

4.W) 

5.00 

6.95 

6.10 

6.85 

6.70 

5.00 

5.76 

5.00 

5.30 

6.66 

5.40 

27 

4.80 

5.80 

6.05 

6.16 

5.88 

6.65 

6.50 

6.65 

6.60 

5.30 

5.66 

5.35 

28 

4.70 

6.30 

6.10 

6.05 

5.95 

6.66 

6.30 

5.75 

6.66 

6.25 

6.70 

5.30 

29 

4.80 

6.30 

6.95 

6.'M 

6.40 

6.30 

6.80 

5.60 

5.16 

5.00 

5.40 

U(> 

4.80 

6.16 

5.90 

5.05 

6.30 

5.90 

5.90 

5.30 

5.35 

6.60 

5.30 

31 

4.80 



6.10 

5.K5 

6.10 

6.00 

5.16 



5.40 

SOUTH  PLATTK  RIVER  AT  ORCHARD,   COLORADO. 

This  Htatioii,  on  the  lower  South  Platte  River,  is  located  one-fonrth 
of  a  mile  southwest  of  Orchard,  Colorado.  The  gage  is  vertical  and 
is  f  listened  to  a  pile  of  the  wagon  bridge.  The  gage  rod  is  not  referred 
to  any  satisfactoiy  bench  mark,  and  consequently  when  the  pile  to 
which  the  r<xl  was  nailed  was  raised  a  number  of  tenths  by  ice  about 
March  17,  it  was  necessiiry  that  a  new  rating  table  be  made  for 
observations  after  that  date.  The  left  bank  is  high  and  the  right 
low  and  liable  to  overflow.  The  bed  of  the  stream  is  sandy  and  shift- 
ing, although  the  section  did  not  materially  change  during  1890. 
The  results  of  measure inents  may  be  found  as  follows:  1896,  Eight- 
eenth Annual  Report,  Part  IV,  page  166;  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  315;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  293.  The  following  measurements  of  discharge  were  made  under 
the  direction  of  A.  L.  Fellows  in  1809: 

April  14,  gage  height,  3.2  feet;  discharge,  1,258  second-feet. 
May  27,  gage  height,  2.3  feet;  discharge,  158  second-feet. 
September  12,  gage  height,  2.05  feet;  discharge,  57  second-feet. 
November  3,  gage  height,  2.80  feet;  discharge,  614  second-feet. 
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DaUy  gage  height,  in  feet,  of  South  Platte  River  at  Orchard,  Colorado^  for  1899. 


Day. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

i:.... 

4.50 

4.40 

5.00 

3.20 

3.20 

2.10 

3.40 

2.80 

2.00 

2.30 

2.80 

3.00 

2 

4.50 

4.40 

5.00 

8.20 

3.20 

2.10 

3.45 

2.75 

2.00 

2.30 

2.80 

3.00 

3 

4.50 

4.40 

5.00 

3.20 

3.10 

2.10 

3.70 

2.70 

1.90 

2.30 

2.80 

3.00 

i 

4.50 

4.40 

5.00 

3.20 

8.10 

2.10 

3.90 

2.70 

1.90 

2.30 

2.80 

3.00 

6 

4.50 

4.40 

5.00 

3.20 

3.10 

2.00 

4.20 

2.90 

1.90 

2.30 

2.80 

3.00 

6 

4.50 

4.40 

5.00 

3.20 

3.00 

2.00 

i.OO 

4.20 

1.90 

2.30 

2.80 

3.00 

7 

4.50 

4.40 

4.90 

3.20 

3.00 

2.00 

3.80 

4.20 

1.90 

2.30 

2.80 

3.00 

8 

4.40 

4.40 

4.80 

8.20 

3.00 

2.00 

3.90 

4.00 

1.90 

2.30 

2.80 

3.00 

9 

4.40 

4.40 

4.50 

3.20 

3.00 

1.90 

4.20 

3.80 

1.90 

2.30 

2.86 

3.00 

10 

4.40 

4.40 

4.50 

3.20 

2.80 

1.90 

4.00 

3.70 

1.90 

2.35 

2.86 

3.00 

11.  ... 

4.40 

4.40 

4.50 

3.20 

2.80 

1.00 

3.50 

3.40 

1.90 

2.40 

2.90 

3.00 

12 

4.40 

4.40 

4.50 

3.20 

2.80 

1.85 

3.20 

3.20 

1.90 

2.50 

2.90 

3.00 

13 

4.40 

4.45 

4.50 

3.20 

2.50 

1.90 

3.00 

8.20 

1.90 

2.60 

2.90 

3.20 

14 

4.40 

4.50 

4.60 

3.20 

2.50 

3.00 

3.10 

3.20 

1.90 

2.70 

2.90 

3.20 

15 

4.40 

4.00 

4.00 

3.20 

2.50 

3.20 

3.20 

2.70 

1.90 

2.80 

2.90 

3.20 

16 

4.40 

4.70 

4.00 

3.20 

2.50 

3.20 

3.50 

2.66 

1.90 

2.80 

2.90 

3.20 

17 

4.40 

4.75 

4.00 

3.20 

2.50 

3.20 

3.80 

2.00 

1.90 

2.80 

2.95 

3.20 

18 

4.40 

4.80 

1.50 

3.26 

2.30 

3.20 

3.90 

2.50 

1.90 

2.80 

2.98 

3.20 

19 

4.40 

4.80 

8.20 

3.30 

2.30 

3.20 

4.00 

2.40 

1.90 

2.80 

3.00 

3.30 

20 

4.40 

5.00 

3.20 

3.30 

2.20 

3.20 

3.70 

2.40 

1.95 

2.80 

3.00 

3.40 

21 

4.40 

6.00 

3,20 

3.30 

2.20 

3.90 

3.60 

2.35 

1.95 

2.80 

3.00 

3.60 

22 

4.40 

5.00 

3.20 

3.30 

2.20 

4.40 

3.30 

2.30 

2.00 

2.80 

3.00 

3.70 

23 

4.40 

6.00 

8.20 

3.30 

2.20 

4.50 

3.20 

2.30 

2.00 

2.80 

3.00 

3.80 

24 

4.40 

5.00 

3.20 

3.30 

2.20 

4.60 

3.00 

2.20 

2.10 

2.80 

3.00 

3.90 

26 

4.40 

5.00 

3.20 

3.30 

2.20 

4.20 

2.90 

2.15 

2.10 

2.80 

3.00 

3.90 

26 

4.40 

5.00 

3.30 

3.30 

2.20 

4.10 

2.85 

2. 10 

2.20 

2.80 

3,00 

3.90 

27 

4.40 

5.00 

3.20 

3.90 

2.20 

4.00 

2.70 

2.00 

2.21) 

2.80 

3.00 

4.00 

28 

4.40 

5.00 

3.20 

3.30 

2.20 

3.90 

2.60 

2.00 

2.20 

2.80 

3.00 

4.00 

29 

4.40 

3.20 

3.30 

2.20 

3.70 

2.60 

2.00 

2.30 

2.80 

3.00 

4.00 

30 

4.40 

3.20 

3.30 

2.20 

3.60 

2.50 

2.00 

2.30 

2.80 

3.00 

4.00 

31 

4.40 



3.20 

2.20 

2.80 

2.00 

--...-. 

2.80 

4.00 

The  water  diversions  from  this  stream  in  Colorado  are  so  extensive 
that  during  the  summer  season  a  comparatively  insignificant  flow 
reaches  Nebraska.  Measurements  of  the  South  Platte  were  made 
near  its  junction  with  the  North  Platte.  On  April  19,  1899,  Glenn  E. 
Smith  made  a  measurement  from  the  wagon  bridge  south  of  the  town 
of  North  Platte,  and  found  the  total  width  to  be  1,296  feet,  while  the 
discharge  was  883  second-feet;  on  May  6  the  discharge  was  866  second- 
feet,  and  on  May  22,  88  second-feet.  At  this  time  the  water  was  flow- 
ing in  a  number  of  small  channels  scattered  across  the  sandy  bed. 
On  Juno  6  the  channel  was  dry. 

BEAJB  CREEK  AT  MORRISON,  COLORADO. 

This  stream,  a  tributary  of  the  South  Platte,  drains  a  portion  of  the 
eastern  slope  of  the  Rocky  Mountains  and  enters  the  main  stream  8 
miles  above  Denver.  The  station  is  located  in  the  upper  part  of  the 
town  of  Morrison.  The  present  station  was  established  April  16, 1899, 
by  John  E.  Field,  State  engineer,  and  is  located  about  a  quarter  of  a 
mile  above  the  railway  station.  The  gage  rod  consists  of  a  2  by  4 
timber  placed  vertically  and  marked  in  feet  and  tenths,  and  is  fas- 
tened to  the  upper  side  of  the  dam  which  diverts  water  into  the  mains 
of  the  Denver  Union  Water  Company.  At  the  height  of  4  feet  on  the 
gage  rod  water  begins  to  flow  over  the  spillway,  making  a  marked 
difference  in  the  rating  curve.  The  bench  mark  consists  of  the  top 
of  a  granite  bowlder  about  100  feet  above  the  rod  and  on  the  left-hand 
side  of  the  stream,  and  is  10.83  feet  above  gage  datum.  The  station 
was  maintained  during  the  year  through  cooperation  with  the  Denver 
Union  Water  Company.     Previous  results  of  measurements  may  be 


228  OPERATIONS   AT   BIVEB   STATIONS,  1899. — ^JPART  III.         ["0.37. 

found  HH  follows:  1896,  Eighteenth  Annual  Rejwrt,  Part  IV,  page  167; 

1897,  Nineteenth  Annual  Report,  Part  IV,  page  317;  1898,  Twentieth 

Annual  Report,  Part  IV,  page  284.     The  following  discharge  mea^ 

urements  were  made  under  the  direction  of  A.  L.  Fellows  during  1899: 

April  15,  gage  height,  8.80  feet;  discharge,  64  second-feet. 
May  0,  gage  height,  4.25  feet;  discharge,  99  second-feet. 
Jane  16,  gage  height,  4.25  feet;  discharge,  107  second-feet. 
Angust  5,  gage  height,  4.98  feet;  discharge,  192  second-feet. 
Kovember  14,  gage  height,  1.35  feet;  discharge,  13  seoond-feet. 

Daily  gage  height  ^  in  feet,  of  Bear  Creek  at  Morrison,  Colorado,  for  1S99, 


Day. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

1 
Oct.      I 

1 

4.06 
4.10 
3.20 
3.25 
3.65 
3.05 
3.90 
4.15 
4.20 
4.20 
4.40 
4.55 
4.d0 
4.70 
4.70 
4.66 
4.60 
4.50 
4.45 
4.45 
4.26 
4.25 
4.25 
4.25 
4.25 
4.25 
4.26 
4.25 
4.15 
4.15 
4.15 

4.06 
4.05 
8.06 
8.85 
3.55 
3.90 
4.20 
4.15 
4.80 
4.15 
4.15 
4.20 
4.30 
4.25 
4.15 
4.16 
4.16 
4.15 
4.26 
4.80 
4.25 
4.25 
4.15 
4.15 
4.30 
4.16 
4.15 
4.06 
4.05 
4.20 

4.15 
4.40 
4.46 
4.45 
4.20 
4.05 
4.20 
4.20 
4.05 
3.75 
3.65 
3.65 
4.10 
4.25 
4.80 
4.80 
4.50 
4.10 
4.00 
4.00 
8.95 
8.90 
8.85 
8.75 
8.65 
3.76 
8.75 
8.75 
4.25 
4.15 
a90 

4.10 
4.15 
5.26 
6.80 
5.20 
5.06 
4.90 
4.75 
4.65 
4.65 
4.66 
4.55 
4.45 
4.36 
4.25 
4.15 
4.20 
8.96 
8.75 
3.65 
8.46 
8.35 
8.26 
8.15 
8.05 
8.06 
2.06 
2.75 
2.56 
2.46 
8.36 

8.36 
a36 
8.26 
3.25 
3.15 
2.95 
2.80 
2.66 
2.66 
2.66 
2.70 
2.75 
2.70 
2.65 
2.00 
2.70 
2.75 
2L66 
2.60 
2.45 
2.45 
2.35 
2.26 
2.20 
2.20 
£.15 
2.10 
2.10 
2.05 
2.00 

I 

2.00 
1.90 
1.00 
I.OO 
l.S) 
1.80 
L80 
t.80 
1.80 
2.20 
S.lt 
2.10 
2.00 
2.00 
2.05 
2.00 
1.96 
1.90 
1.80 
1.80 
L70 

2 

3 

4 

5  -...•    ••••.•••.•... 

tt! 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1ft 

4.20 
4.20 
4.16 
4.16 
8.95 
3.75 
4.00 
4.06 
4.20 
4.20 
4.10 
4.10 
4.00 
8.85 
3.65 

17 

18 

19 

30 

21 

22 

23 

24 

26 

36 

27 

28 

29.   

30 

81 

Closed  for  the  winter  October  21. 


CLEAR  CREBK  AT  FORKSCREEK,  COLORADO. 

This  stream  rises  on  the  eastern  slope  of  the  Rocky  Mountains 
almost  due  west  of  Denver,  and  flows  in  an  easterly  direction,  enter- 
ing the  South  Platte  River  6  miles  below  the  center  of  the  city  of 
Denver.  The  small  summer  flow  of  this  stream  is  completely  utilized 
for  irrigation  purposes.  The  gaging  station,  established  by  John  E. 
Field,  State  engineer,  March  29, 1899,  is  located  at  the  railway  station 
at  Forkscreek,  on  the  Colorado  and  Southern  Railway,  in  Clear  Creek 
Canyon,  just  below  the  junction  of  the  North  and  South  forks.  The 
gage  consists  of  a  weight  fastened  to  a  wire  running  over  a  pulley 
fastened  to  a  rock  at  the  railway  station.  Bench  mark  No.  1  is  a 
point  on  the  timber  to  which  the  pulley  is  attached,  and  is  13.58  feet 
above  gage  datum.  Bench  mark  No.  2  is  a  granite  point  49.5  feet  east 
of  the  first  bench  mark,  and  is  15.46  feet  above  gage  datum.  The  chan- 
nel is  rocky  and  not  liable  to  serious  change.  The  walls  are  hig-Ii  and 
not  liable  to  overflow.     On  April  20  measurements  of  the  North,  and 
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South  forks  were  made  separately  and  gave  43  second-feet  and  101 
second-feet,  respectively.  The  following  discharge  measurements 
were  made  under  the  direction  of  A.  L.  Fellows  during  1899: 

March  29,  gage  height,«1.50  feet;  discharge,  52  second-feet. 
April  20,  gage  height,  2.10  feet;  discharge,  155  second-feet. 
May  10,  gage  height,  2.75  feet;  discharge,  365  second-feet. 
June  7,  gage  height,  3.70  feet;  discharge,  779  second-feet. 
August  12,  gage  height,  3.08  feet;  discharge,  449  second-feet. 
November  15,  gage  height,  1.70  feet;  discharge,  67  second-feet. 

Daily  gage  height,  inf^t,  of  Clear  Creek  at  Forkscreek,  Colorado^  for  1809, 


Day. 

Apr. 

1.65 
1.76 
1.65 
1.66 
1.70 
1.56 
1.76 
1.70 
1.85 
1.96 
2.20 
2.20 
2.05 
2.15 
2.20 
2.80 
2.5W 
2.30 
2.15 
:.M0 
2.20 
2.20 
2.45 
2.50 
2.75 
2.90 
2.80 
2.80 
2.30 
2.45 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

2  55 

3.50 

2.50 

2.25 

2.35 

2.40- 

2.45 

2.45 

2.60 

2.85 

8.10 

3.50 

aTfj 

4.00 

4.10 

4.25 

4.20 

4.85 

4.45 

(a) 
(a) 

\i 

(a) 
(a) 

(a) 

(o) 
(a) 
(a) 

(o) 
(«) 

(a) 

(tt) 

(a) 

3.70 

3.75 

8.80 

8.80 

8.90 

4.15 

4.80 

4.40 

4.20 

4.25 

4.80 

4.45 

4.66 

4.70 

4.75 

4.70 

4.40 

4.40 

4.25 

4.25 

4.15 

4.10 

4.10 

4.25 

4.45 
4.40 
4.30 
4.05 
4.00 
4.05 
4.00 
4.00 
8.95 
8.90 
3.75 
3.70 
8.70 
8.70 
8.70 
8.70 
8.70 
3.60 
3.50 
3.50 
8.50 
8.50 
8.50 
8.40 
3.40 
8.40 
3.40 
3.40 
8.45 
8.40 
3.40 

3.86 
3.30 
3.85 
8.40 
8.65 
8.35 
3.30 
3.80 
3.25 
3.15 
3.10 
3.05 
8.00 
3.00 
3.00 
3.00 
2.95 
2.90 
2.85 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 

2.60 
2.75 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.30 
2.80 
2.80 
2.80 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 

2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.10 
2.00 
2.00 
2.00 
2.05 

2.10 
2.05 
2.00 
2.00 
1.90 
1.85 
1.75 
1.76 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1  70 
1.70 
1.65 
1.60 
1.55 
1.50 
1.65 
1.65 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

•  a  Gage  broken;  no  reading. 

SOUTH  BOULDER  CREEK  AT  MARSHALL,  COLORADO. 

This  stream,  the  next  one  of  importance  entering  below  Clear  Creek, 
is  measured  at  a  point  about  3  miles  west  of  Marshall,  Colorado.  The 
^^ge  is  an  inclined  2  by  6  inch  timber  fastened  to  a  tree  and  stakes 
driven  into  the  ground.  The  bench  mark  is  a  stone  15  feet  west  of 
the  gage,  marked  with  black  paint,  and  is  6.99  feet  above  gage  datum. 
The  gage  was  verified  August  10,  1899.  Two  ditches  divert  water  at 
points  above  the  station,  viz,  the  South  Boulder  and  Coal  Creek  ditch 
and  the  Community  ditch,  and  their  discharge  must  be  added  to  the 
discharge  as  found  at  the  station  to  determine  the  total  run-off  of  the 
basin.  May  6  South  Boulder  and  Coal  Creek  ditch,  at  a  gage  height 
of  0.7  foot,  was  discharging  7  second-feet,  and  on  the  same  date  Com- 
munity ditch,  at  a  gage  height  of  2.25  feet,  was  carrying  35  second- 
feet.  C.  E.  Barber,  Langford,  Colorado,  is  the  observer.  Measure- 
ments are  usually  made  by  wading,  but  a  footbridge  near  by  can  be 
used  in  high  water.     Results  of  measurementa  may  b^  found  as  fol- 
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lows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  169;  18t»7, 
Nineteenth  Annual  Report,  Part  IV,  page  318;  1898,  Twentieth  An- 
nual Report,  Part  IV,  page  287.  The  following  discharge  measure- 
ments were  made  under  the  direction  of  A.  L.  Fellows  in  1890: 

April  22,  gage  height,  1.70  feet;  discharge,  115  second-feet 
May  6,  gage  height,  1.55  feet;  discharge,  96  second-feet 
June  15,  gage  height,  2.80  feet;  discharge,  451  second-feet 
Angnst  10,  gage  height,  1.60  feet;  discharge,  109  second-feet. 
Octoher  10,  gage  height,  0.70  foot;  discharge,  7  second-feet 

Daily  gcuje  height^  in  feet,  of  South  Boulder  Creek  at  MtrshaU,  Colorado,  for  1S99, 


Day. 

Apr. 

May. 
1.80 

Jane. 

July. 
2.65 

Aug. 

Sept. 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 
1.40 

Sept  [ 

1.... 

0.00 

2.60 

1.65 

1.80 

17 

1.76 

2.65 

2.85 

2.15 

1 
1.10 

2.... 

1.00 

1.80 

2.55 

2.65 

1.56 

1.30 

18 

1.75 

2.60 

2.90 

2.10 

1.40 

1.10 

3.... 

.05 

1.65 

2.50 

2.55 

1.66 

1.30 

19 

1.80 

2.65 

2.95 

2.10 

1.40 

MO    I 

4    ... 

1.00 

1.65 

2.35 

2.45 

1.85 

1.25 

20 

1.80 

2.65 

3.00 

2.00 

1.36 

1.00    1 

5.... 

.95 

1.60 

2.30 

2.45 

2.00 

1.20 

21..-., 

1.80 

2.50 

3.00 

2.05 

1.30 

1.05 

6-... 

1.00 

l.«0 

2.35 

2.40 

1.90 

1.20 

22 

1.85 

2.45 

3.00 

2.00 

1.30 

.90 

7--.- 

.95 

1.65 

2.45 

2.35 

1.80 

1.20 

23 

1.80 

2.35 

2.85 

2.00 

1.35 

.«) 

8.... 

1.00 

1.70 

2.55 

2.30 

1.85 

1.20 

24 

1.95 

2.30 

2.80 

1.95 

1.30 

.»)    1 

9.... 

1.05 

1.90 

2.00 

2.25 

1.70 

1.20 

25 

2.10 

2.40 

2.70 

1.90 

1.30 

.91)    1 

10.^. 

1.15 

2.25 

2.70 

2.30 

1.60 

1.10 

28 

2.15 

2.55 

2.65 

l.8b 

1.30 

.9f)    I 

U.... 

1.25 

2.25 

2.65 

2.30 

1.60 

1.00 

27 

2.25 

2.60 

2.65 

1.85 

1.30 

.90    I 

12.... 

1.40 

2.:« 

2.80 

2.25 

1.60 

1.00 

28 

2.20 

2.55 

2.55 

1.80 

1.25 

.90    1 

13.... 

1.00 

2.35 

2.90 

2.50 

1.60 

1.00 

20 

2.15 

2.50 

2.66 

1.70 

1.80 

.90    j 

U.... 

1.65 

2.55 

2.95 

2.:© 

1.50 

1.00 

30 

1.90 

2.55 

2.60 

1.60 

1.30 

.90 

15.... 

1.75 

2.60 

2.90 

2.45 

1.40 

1.00 

31 

2.56 

1.55 

1.30 

16.... 

1.80 

2.70 

2.85 

2.25 

1.60 

1.05 

Cloeed  for  the  winter  September  30. 

Daily  gage  height^  infect,  of  South  Boulder  and  Coal  Creek  ditch,  Colorado,  for 

1S99. 


Day. 

1.. 

2.. 

3-- 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 

May. 

June. 

July. 

Aug. 

Day. 

May. 

June. 

July. 

Aug. 

Day. 

May. 

June. 

July. 

1 

Aug.  1 

1 

1.36 
1.30 
1.40 
1.40 
1.40 
1.60 
1.60 
1.50 
1.50 
1.50 
1.60 

1.60 
1.60 
1.60 
1.60 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.00 
1.00 
l.tt) 
1.00 

12  .. 

1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.60 
1.60 

1.30 
1.30 
1.30 

u 

1.30 
1.30 
1.20 
1.20 
1.20 
1.20 

1.00 
1.00 
1.00 
.90 
.90 
.80 
.80 
.80 

23... 
34... 
26... 
28... 
27... 
28... 
29... 
30... 
31... 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.30 
1.30 

1.50 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

LSO 
1.20 
1.30 
1.20 
•1.20 
1.2D 
1.20 
1.20 
1.20 

1 

! 

13.  . 

1 

14... 

15... 

16... 

•-•- •     " 

17... 

18... 

19... 

20  - 

21... 
22... 

0.90 
.90 

a  Dry. 


Daily  gage  height^  in  feet 

',  of  Community  ditch, 

Colorado, 

,for  1S99, 

Day. 

Apr. 

May. 

June. 

July. 

Day. 
\2... 

Apr. 

May. 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.20 

June. 

July. 

Day. 

Apr. 

May. 

June. 

July. 

1.. 

2.. 

3.. 

4-. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.- 

2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

2.20 
2.30 
2.30 
2.30 
2.30 
2.20 

2.aj 

(a) 
2.20 
2.20 
2.20 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 

2.30 
2.20 
3.20 
2.20 
2.20 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 

2.10 
2.10 
2.10 

■"i.*26' 
1.30 
1.20 
1.20 
1.20 
1.20 

38... 
24... 
25... 
26... 
27... 
28... 
20... 
30... 
31... 

1.60 
1.70 
1.80 
1.80 
1.90 
1.90 
2.10 
2.10 

2.20 
2.20 
2:20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 

2.30 
2.30 
2.30 
3.20 
3.30 
3.30 
3.30 
3.30 

L3... 
14... 



15  .. 

. 

16--. 

17... 

18... 

19... 

20... 

-- 1 

1  21--. 

» 

— 1 

22... 

1 

1 

■ 

a  Dry. 
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BOULDER  CREEK  AT  BOULDER,  COLORADO. 

The  next  drainage  of  importance  entering  the  South  Platte  from 
the  west  is  Boulder  Creek,  an  important  tributary,  furnishing  water 
for  a  number  of  irrigation  ditches.  The  station  is  located  about  1^^ 
miles  above  the  town  of  Boulder,  Colorado.  The  gage  rod  is  inclined 
and  spiked  to  stakes  driven  into  the  ground.  The  bench  mark  is  the 
top  of  a  large  stone  22  feet  west  of  the  gage,  and  is  5.72  feet  above  gage 
datum.  Both  banks  are  high  and  rocky,  and  not  liable  to  overflow. 
Two  small  irrigating  ditches  take  water  from  the  stream  above  the 
station,  but  the  amount  thus  diverted  will  probably  not  exceed  5  or 
6  second-feet.  Results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  171;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  319;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  286.  The  following  discharge  measurements  were 
made  under  the  direction  of  A.  L.  Fellows  in  1899: 

April  21,  gage  height,  1  foot;  discharge,  84  second-feet. 
May  6,  gage  height,  1.30  feet;  discharge,  134  second-feet. 
June  15,  gage  height,  2.50  feet;  discharge,  642  second-feet. 
Angnst  10,  gage  height,  1.70  feet;  discharge,  276  second-feet. 
October  10,  gage  height,  0.50  foot;  discharge,  36  second-feet.  * 

Daily  gage  height,  in  feet,  of  Boulder  Creek  at  Boulder,  Colorado,  for  1899. 


Day. 

Apr. 

May. 

Jane. 

July.  • 

Aug. 

Sept. 

Oct. 

Nov. 

1 

0.32 

.30 

.88 

.45 

.36 

.32 

.42 

.42 

.48 

.55 

.92 

1.00 

1.05 

1.10 

1.10 

1.25 

1.20 

l.SK 

1.15 

1.10 

1.12 

1.20 

1.25 

1.48 

1.62 

1.68 

1.66 

1.60 

1.56 

1.58 

1.56 
1.62 
1.40 
1.88 
1.80 
1.20 
1.22 
1.28 
1.36 
1.46 
1.60 
1.70 
1.90 
2.00 
2.12 
2.15 
2.12 
2.U6 
2.12 
2.15 
2.10 
2.U6 
2.10 
2.U6 
2.08 
2.18 
2.12 
2.1)} 
2.15 
2.15 
2.12 

2.15 
2.12 
2.12 
2.00 
1.98 
2.05 
2.12 
2.18 
2. 28 
2.45 
2.48 
2.62 
2.65 
2.68 
2.62 
2.58 
2.60 
2.75 
2.85 
2.85 
2.90 
2.88 
2.90 
2.86 
2.85 
2.85 
2.78 
2.  TO 
2.72 
2.82 

2.90 
2.92 
2.86 
2.86 
2.78 
2.70 
2.65 
2.58 
2.48 
2.60 
2.42 
2.40 
2.48 
2.45 
2.48 
2.40 
2.30 
2.28 
2.18 
2.12 
2.10 
2.06 
2.08 
1.90 
1.92 
2.00 
2.06 
2.10 
2.20 
2.10 
1.90 

1.92 
1.96 
2.22 
2.46 
2.18 
2.02 
1.88 
1.82 
1.78 
1.70 
1.66 
1.68 
1.62 
1.52 
1.60 
1.66 
1.66 
1.62 
1.46 
1.38 
1.88 
.  1.32 
1.32 
1.28 
1.20 
1.15 
1.22 
1.46 
1.26 
1.60 
1.66 

1.62 

1.60 

1.45 

1.38 

1.22 

1.12 

1.06 

.96 

.96 

.96 

.92 

.90 

.88 

.05 

.96 

.92 

.88 

.82 

.78 

.72 

.72 

.62 

.60 

.68 

.58 

.66 

.68 

.56 

.60 

.60 

0.48 
.48 
.48 
.48 
.46 
.48 
.42 
.45 
.60 
.65 
.58 
.60 
.66 
.66 
.60 
.68 
.58 
.62 
.56 
.50 
.48 
.60 
.62 
.56 
.60 
.56 
.50 
.48 
.48 
.48 
.60 

0.48 
.46 
.48 
.48 
.42 
.40 
.38 
.38 
.36 
.36 
.30 
.30 
.36 
.88 
.42 
.42 
.40 
.36 
.30 
.80 
.28 
.28 
.26 
.26 
.22 
.22 
.26 
.22 
.18 
.18 

2 

3 

4 

6 

6 

7 

8 

9 

10 

U    

12 

13 

U    

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

*"■  — -.---  — 
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ST.  VRAIN  CREEK  AT  LYONS,  COLORADO. 

The  gaging  station  on  this  drainage  is  located  one-half  mile  south- 
east of  Lyons,  Colorado,  below  the  intersections  of  the  North  and 
South  forks  of  St.  Vrain  Creek.  The  gage  is  inclined  and  fastened 
to  a  post  driven  into  the  ground.  Both  banks  are  low  and  liable  t^o 
overflow.  The  bed  of  the  stream  is  composed  of  gravel.  On  May  5  a 
new  gage  rod  was  established  having  the  same  reading  as  the  old  one, 
and  connected  with  a  bench  mark  150  feet  north  of  the  rod.  The 
elevation  of  the  bench  mark  is  6.51  feet  above  gage  datum.  Supply 
ditch  diverts  water  above  the  station,  and  its  discharge  should  be 
added  to  that  of  the  river  to  obtain  the  total  run-off  in  the  basin. 
On  May  5  at  the  rating  flume,  it  was  discharging,  at  a  gage  height  of 
0.65  foot,  35  second-feet.  The  observer  is  Miss  Bessie  Sites,  who 
reads  the  gage  on  the  creek,  as  well  as  that  of  the  ditch.  The  results 
of  measurements  are  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  173;  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  320;  1898,  Twentieth  Annual  Report,  Part  IV,  page  285. 
The  following  discharge  measurements  were  made  under  the  direction 
of  A.  L.  Fellows  in  1899: 

April  18,  gage  height,  8  feet;  discharge,  217  second-feet. 
May  5,  gage  height,  2.75  feet;  discharge,  137  second-feet. 
Jane  14,  gage  height,  4.15  feet;  discharge,  825  second-feet. 
Augast  9,  gage  height,  3.20  feet;  discharge,  263  second-feet. 
October  7,  gage  height,  2.10  feet;  discharge,  37  second-feet. 

Daily  gage  height ^  in  feet y  of  St.  Vruin  Creek  at  Ljfons,  Colorado^  for  1899, 


Day. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

2.06 
2.06 
2.05 
1.95 
1.95 
1.95 
1.96 
1.95 
2.05 
2.05 
2.15 
2.18 
2.15 
2.25 
2.26 
2.25 
2.22 
2.22 
2.15 
2.15 
2.15 
2.15 

2!  26 
2.16 
2.15 
2.05 
2.05 
2.16 
2.15 

Nov.     ' 

j 

I 

2.05 
2.15 
2.25 
2.25 
2.20 
2.25 
2.30 
2.25 
2.85 
2.70 
2.75 
2.80 
3.00 
3.06 
3.00 
2.90 
3.10 
3.10 
8.20 
8.15 
3.15 
3.20 
8.40 
8.66 
8.65 
8.55 
3.65 
3.46 
3.30 
3.16 

2.90 
2.90 
2.70 
2.65 
2.65 
2.90 
3.00 
2.90 
3.00 
3.10 
3.15 
3.85 
8.30 
8.40 
3.40 
3.a5 
3.30 
3.30 
3.80 
3.35 
3.25 
8.20 
3.25 
3.25 
3.05 
3.10 
8.40 
3.40 
3.30 
3.40 
3.80 

3.35 
8.65 
8.46 
8.46 
8.46 
8.40 
3.60 
3.50 
8.56 
3.60 
8.75 
4.06 
4.00 
4.26 
4.10 
4.15 
4.30 
4.60 
4.65 
4.65 
4.55 
4.56 
4.30 
4.26 
4.25 
4.30 
4.25 
4.25 
4.35 
4.30 

4.40 
4.40 
4.30 
4.30 
4.30 
4.15 
4.00 
4.06 
4.15 
4.05 
4.06 
8.96 
4.00 
4.10 
4.00 
3.90 
8.66 
3.65 
3.65 
3.66 
3.65 
3.65 
3.66 
8.55 
3.60 
3.55 
8.55 
3.60 
8.70 
8.45 
8.45 

3.45 
3.45 
3.60 
4.05 
4.05 
3.86 
3.75 
3.70 
8.65 
3.56 
3.50 
3.40 
8.20 
8.06 
2.95 
2.90 
2.90 
2.95 
2.80 
2.90 
2.90 
2.90 
2.80 
2.80 
2.7D 
2.00 
'     2.00 
2.55 
2.65 
2.65 
2.55 

2.65 

2.65 

2.60' 

2.55 

3.65 

2.65 

2.65 

2.65 

2.66 

2.65 

2.65 

2.56 

2.55 

2.55 

2.65 

2,45 

2.45 

2.36 

2.86 

2.25 

2.80 

2.22 

2.26 

2.25 

2.20 

2.18 

2.18 

2.15 

2.12 

2.05 

1 
2.00    . 

2 

2.00 
2.00 
2.00 
2.00 
S.U> 
1.95 
1.90 
1.90 
1.90 
L90 
1.86 
2.00 
2.00 
2.00 
2.00 
2.10 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

13 

2.0s 

19 

2.00 

2(> 

2.00 

21 

2.00 

23 

2.00 

23 

2.00 

24 

1.96 

35 

26 

1.9S 
1.05 

27 

1.90 

28 

1.90 

29 

1.90 

30 

1.90 

31 

fo) 

a  Closed  for  the  winter  November  30. 
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Daily  gage  height ^ 

,  in  feet  f 

of  Supply  ditch 

at  Lyons f  Colorado,  for 

1899. 

Day. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

1 

0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.25 
.40 
.40 
.40 
.40 
.45 
.60 
.50 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.50 

0.90 
.80 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.95 
.80 
.80 
.80 
.80 
.90 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.70 
.40 
.60 
.80 
.80 
.75 
.70 
.70 

0.70 

.70 

.70 

.70 

.60 

.50 

.50 

.50 

.55 

.60 

.95 

1.20 

1.30 

1.30 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

• 

1.40 

1.40 

1.40 

1.40 

1.40 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.25 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.05 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

0.90 
.90 
.85 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.20 
.20 
.50 
.60 

0.58 
.52 
.55 
.50 
.52 
.37 
.20 
.40 
.40 
.20 
.20 
.20 
.28 
.22 
.20 
.20 
.20 
.20 
.30 
.20 
.20 
.20 
.18 
.18 
.12 
.10 
.10 
.10 
.15 
.15 

0.16 
.15 
.15 
.15 
.10 
.10 
.10 
.10 
.10 
.10 
.20 
.20 
.20 
.16 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.15 
.15 
.15 
.15 
.10 
.10 
.10 

0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
,10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 *... 

1« 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

BIG  THOMPSON   CREEK  AT  ARKINS,  COLORADO. 

This  stream  drains  the  country  immediately  south  of  the  headwaters 
of  Cache  la  Poudre  River,  and  enters  the  South  Platte  8  miles  from 
Greeley.     The  location  of  the  station  was  changed  April  1,  1899,  from 
its  original  position  to  a  point  2  miles  above,  so  that  the  head  of  the 
Home  Supply  ditch  is  now  below  the  gaging  station,  while  that  of  the 
Handy  ditch  is  still  above.     It  is  necessary  to  include  the  discharge 
of  this  latter  canal  to  give  the  total  run-off  of  the  stream.     The  pres- 
ent location  of  the  station  is  at  a  wagon  bridge  upon  the  ranch  of  Mr. 
John  Chasteen.     The  gage  rod  consists  of  a  2  by  4  inch  timber  spiked 
to  the  downstream  side  of  the  bridge  on  the  right-hand  side  of  the  river. 
The  bench  mark  is  25  feet  south  of  the  gage  and  is  0.35  feet  above  the 
zero.     Handy  ditch,  which  heads  one-half  mile  above  the  station,  was 
measured  twice  during  the  year,  the  first  time,  on  April  17,  at  a  gage 
height  0.6  foot,  the  discharge  was  41  second-feet;  June  13,  at  a  gage 
height  of  2.30  feet,  the  discharge  was  182  second- feet.     The  observer 
is  Ed.  Chasteen,  who  records  the  heights  of  the  canal  as  well  as  at  the 
main  gaging  station.     The  results  of  measurements  are  found  as  fol- 
lows: 1896,  Eighteenth  Annual  Report,  Part  IV,  page  175;  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  322;   1898,  Twentieth  Annual 
Report,  Part  IV,  page  288.     The  following  discharge  measurements 
vrere  made  under  the  direction  of  A.  L.  Fellows  in  1899: 

April  17,  gage  height,  0.90  foot;  discharge,  143  second-feet. 
May  4,  gage  height,  0.97  foot;  discharge,  173  second-feet. 
Jnne  13,  gage  heighi;,  2.55  feet;  discharge,  941  second-feet. 
Angnst  8,  gage  height,  1.73  feet;  discharge,  406  second-feet. 
October  6,  gage  height,  0.50  foot;  discharge,  34  second-feet. 
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Daily  gage  height ,  in  feet ^  of  Big  Thompson  Creek  at  Arkins,  Colorado,  for  1899, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1     Oct. 

1 

1 ■.... 

0.30 

.40 

.35 

.46 

.46 

.60 

.66 

.35 

.20 

.35 

.65 

.65 

.76 

.90 

.90 

.06 

.95 

.95 

1.00 

1.10 

1.00 

1.16 

1.20 

1.35' 

1.30 

1.45 

1.50 

1.46 

1.25 

1.10 

1.00 
.96 
.90 
.90 
.90 
.90 
.90 
1.00 
1.00 
1.00 
1.05 
1.10 
1.26 
1.56 
1.60 
1.65 
1.60 
1.40 
1.40 
1.45 
1.60 
1.40 
1.60 
1.76 
1.85 
1.85 
2.00 
2.00 
1.00 
1.90 
2.00 

1.90 
2.00 
1.90 
1.86 
1.90 
1.90 
1.90 
2.00 
2.10 
2.15 
2.25 
2.30 
2.45 
2.60 
2.66 
2.76 
2.80 
2.80 
2.90 
3.15 
3.15 
2.90 
2.65 
2.60 
2.60 
2.65 
2.56 
2.70 
2.80 
2.75 

2.76 
2.70 
2.60 
2.65 
2.60 
2.40 
2.40 
2.90 
2.90 
2.26 
2.20 
2.16 
2.75 
2.16 
2.16 
2.26 
1.96 
1.76 
2.00 
2.00 
1.90 
2.00 
2.00 
2.06 
1.90 
1.85 
1.96 
1.90 
1.90 
1.90 
1.80 

1.80 
1.80 
1.80 
2.15 
1.90 
1.80 
1.75 
1.70 
1.60 
1.55 
1.46 
1.40 
1.80 
1.90 
1.30 
1.26 
1.30 
1.16 
1.20 
1.10 
1.10 
1.05 
1.00 
1.05 
1.00 
1.00 
.90 
.96 
.90 
.90 
.90 

0.90 
.90 
.85 

.80 
.90 
.85 
.80 
.80 
.80 
.80 
.80 
.80 

:S 

.70 
.70 
.70 
.80 
.70 
.70 
.60 
.60 
.60 
.60 
.66 
.56 
.50 
.50 
.50 
.60 

1 

1       ^«? 

!       (a) 

ia) 

a5o 

.50 
.60 
.70 
.80 
.80 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18  

19 ... 

20 

21 

22 

23 

24 

2& 

26 

27 -. 

28 

.60 

29 

.60 
.60 
.60 

30 

31 

a  No  readings;  closed  for  the  winter  October  31. 

Daily  gage  height ,  in  feet,  of  Handy  ditch  on  Big  Thompson  Creek,  Colorado^ 

for  1899, 


Day. 

1  .... 
2.... 

Apr. 

May.  June. 

July. 

2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
1.95 
1.95 
2.30 
2.30 
2.30 

Aug. 

0.75 

.75 

.75 

1.12 

1.55 

1.15 

1.65 

1.30 

1.02 

.75 

.70 

.70 

.70 

.70 

.70 

.70 

Sept.  1 

0.30  1 
.90 
.30  1 
.30  1 
.30  1 
.80  1 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30  , 
.65 

1.00  i 

1 

Day. 

Apr. 

May. 

June. 

2.20 
2.20 
2.90 
2.30 
2.90 
2.30 
2.30 
2.25 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

July. 

Aug. 

0.71' 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.60 
.90 
.90 
.90 
.90 
.90 
.30 

Sept. 

(a) 

1 

.30 
.30 
.50 
.40 
.30 
.30 
.30 
.30 
.30 



0.30 
.30 
.30 
.55 
.80 
.78 
.75 
.75 
.75 
.75 
.75 
.75 
.76 
2.20 
2.20 
1.60 

0.95 

.95 

.72 

.60 

.60 

.70 

.75 

.78 

1.10 

1.55 

2.00 

3.00 

2.10 

2.20 

2.20 

2.20 

17 

1.10 

2.00 

2.00 

1.16 

1.15 

.75 

.75 

.75 

.75 

.75 

.98 

.98 

.98 

.75 

.76 

1.92 

1.66 

1.65 

1.16 

.76 

.76 

.75 

.75 

.75 

.75 

1.12 

1.60 

1.50 

1.50 

1.13 

18 

3 

19 

4... 

20 

5    . 

21 

6... 
7... 

22 

23 

8 

24 

9.... 

25 

26 

27 

28 

29 

30 

31 

0.30 
.30 
.30 
.30 
.30 
.30 

10.... 

U  .... 

• 

12... 

13.... 
14.... 

15.... 

16.... 

a  Dry. 
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CACHE  LA  POUDRB   RIVER  AT   PORT  COLLINS,  COLORADO. 

This  stream  drains  an  area  of  considerable  size  in  northern  Colo- 
rado, its  headwater  tributaries  joining  those  of  Laramie  on  the  west. 
As  given  in  the  description  of  this  latter  stream,  the  Sky-line  Canal 
diverts  water  from  the  Laramie  River  into  Cache  la  Poudre  River, 
and  measurements  of  discharge  in  the  latter  basin  include  some  of 
the  Laramie  waters.  The  station  was  established  in  1884,  at  a  point 
about  15  miles  above  Fort  Collins,  by  Prof.  L.  G.  Carpenter,  of  the 
Colorado  State  Agricultural  College,  and  the  work  has  been  carried 
on  under  his  immediate  direction.  The  record  is  probably  the  long- 
est and  among  the  best  of  any  of  the  small  streams  of  the  West. 
The  daily  discharge  for  1893  and  1894  will  be  found  in  Bulletin  No. 
131,  page  30.  The  following  table  shows  the  daily  discharge  through 
the  irrigating  season  of  the  river  from  1895  to  1899,  inclusive: 


Daily  discharge,  in  second-feet,  of  Cache  la  Poudre  River  at  Fort  Collins,  Colorado. 

1805. 


Day. 

May. 

June. 

July. 

Aug. 

796 
805 
846 
666 
612 
688 
665 
541 
6« 
662 
658 
512 

4n 

487 
480 
447 

Sept. 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

1... 

1,800 
1,920 
3,200 
2,800 
2,600 
2,660 
2,750 
2.940 
3,130 
3,460 
8,100 
2,500 

1,690 
1,610 
1,430 
1,410 
1,368 
1,240 
1.210 
1,100 
1,085 
1,1U 
1,200 
1,682 
1,602 
1.862 
1,220 
1,142 

367 
839 
300 
28:{ 
264 
247 
238 
229 
212 
192 
196 
191 
192 
192 
188 
184 

17... 
18.... 
19.... 
20.... 

1,100 
1,100 
1,360 

1,030 
996 
960 
942 
996 
1,076 
1,086 
899 
867 
800 
768 
722 
707 
722 

417 
889 
380 
406 
898 
875 
404 
416 
881 
878 
812 
826 
843 
349 
378 

180 
174 
180 
188 
200 
216 
216 
208 

2... 

8... 

4.. 

5... 

21-... 

6... 

22.... 

7  .. 

23... 
24  ... 
25... 
26... 

i27.... 
28... 
29... 
30.... 
31.... 

1,800 
1,274 
1.825 
1,404 
1,612 
2,060 
1,668 
1,600 
1,400 

"i,'746 
1,920 
1,830 
1,716 

8... 

9... 

10... 

11... 

12... 

13... 

t     14... 

15 

1,680 

16... 

1896. 


Day. 

June. 

July. 

Aug. 

Sept. 

322 

283  < 

308 

298 

288  1 

260  : 

233 

206 

268 

370 

411 

361 

846 

807 

278 

264 

'         Day. 

June. 

981 
942 
882 
878 
841 
780 
753 
753 
760 
746 
707 
684 
612 
660 

July. 

Aug. 

Sept. 

1   

631 
638 
612 
487 
468 
456 
432 
507 
480 
400 
886 
881 
881 
896 
894 
499 

864 
322 

288 
269 
284 
269 
260 
288 
216 
196 
173 
173 
119 
166 
162 
158 

1 
17 

617 
602 
468 
408 
364 
348 
862 
496 
463 
498 
689 
468 
466 
416 
892 

192 
820 
294 
283 
422 
617 
390 
802 
269 
261 
242 
266 
288 
858 

255 
251 
280 
294 
286 
266 

2 

18 

8   

19 

4   

20 

5 

21 

6 

22 

7 

23 

8   

24 

9 

26 

10 

26 

11 

27 

12 

28 

13 

29 

U 

80 

16 

31 

16 
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Daily  discharge,  in  second-feetj  of  Caclie  la  Paitdre  River  at  Fort  CoUins,  Colo- 
rado—Con tinaed. 


1897. 


Day. 

Apr.     ,     May. 

Jane. 

July. 

Aug. 

1 
Sept.    . 

Oct.     ] 

1 

862 

3,013 

1 
994              406 

a  121     1 

2 

964 
978 

i,m 

1,188 
1,268 
1.425 
1,617 
1,486 
1,474 

2,378 
1,906 
1,681 
1,601 
1,485 
1,406 
1,451 
1,961 
2,191 
2,178 
2,232 
2,402 
2,074 
2,328 
2,451 
1.698 
1,381 
1,449 
1,533 
1,548 

910 
1,061 
945 
792 
769 
797 
848 

437 

3 

803 



4 

s::::::..:::..: 

6  

a426 

7 

•-•  -aanj-    1 1 

8 

1 ( 

9 

1,048 

1 

10 

1,099 
971 
837 
797 
772 

1,028 
907 
828 
791 
816 
788 
626 
558 
520 
660 
546 
478 
449 
441 
418 
404 
455 

188  1 

11 

12 



13 



a330 

;         ■  1 

14  

..._._ ., 1 

15 

1 

16 

1 

17  

I 

18 

2,236 
2,298 
2,857 
8,106 
2,654 
2,987 
8,155 
2,961 
2,822 
2.998 
2.461 
2.505 
2,468 
2,658 

1 

19 

1 

20 

a  314 

r  1 

21 

F 

22 

'...        1 

23 

1,463 
1,308 
1,339 
1,468 
1,278 
1,105 
1,066 
1,043 

:. .;..::: 

24 

142  1.                ' 

25 

26 

1 

27 

667 
810 

a  248 

>. :::  "i 

28 

1 

29 ... 

1 , 

30 

704 

::.!.::: ' 

81 

• 

'. 

a  Average  for  week. 


InM. 


Day. 

Apr. 

May. 

307 
271 
267 
243 
244 
206 
219 
261 
297 
337 

Jane. 

1,148 
1,410 
1.636 
1,481 
1,210 
1,035 
1.131 
1,192 
1,267 
1,247 
1,379 
1,364 
1,888 
1,612 
1,411 
1,605 
1,658 
1,629 
1,660 
1,432 
1,414 

July. 

Aog. 

1                  ' 
Sept.    1      Oct. 

1 

1 

812 
792 
704 
646 
586 
576 
564 
623 
665 
502 
580 

^ 

658 
671 
521 
486 
437 
396 
332 
819 
297 
288 
287 
296 
283 
267 
240 
212 
211 
210 

211 
201 
180 
177 
186 
206 
258 
220 
176 

a35 

2 

8 

a112 

4 

5  

6  

7 

8  

aSO 

9 

10  

a97 

11  

12 

13 

a  139 

14 

15 

am 

16 

17 

aOO 

18 

806 

766 

766 

664 

629 

702 

837 

1.808 

1,175 

1,050 

1,280 

1,180 

1.115 

1,265 

19 

20 

a  133 

21 

22 

a84 

23 

1,349 

1,858 

1,278 

1,109 

961 

905 

842 

824 

24 

a43 

26 

26 

27 

294 
806 

a  115 

28 

29 .• 

80 

816 

81 

* 

a  Average  for  week. 
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DaUy  discharge,  in  second-feet,  of  Cach^  la  Poudre  River  at  Fort  Collins,  Colo- 
rado— Continued. 

1899. 


Day. 

May. 

1 

2 

3 

::::::::: 

4 .- 

6 

6 

7 

8 

9 

10 

636 

11 

684 

12 

929 

13 

1,144 

14 

1,848 

15..  

1,404 

16 

1,462 

17 

1.453 

18 

1,492 

19 

1,663 

20 

1,809 

21  

1,573 

22 

1,880 

23 

1.310 

1,351 

25 

1,621 

26 

1,911 

27 

.2,001 

28 

1,936 

29 

1,806 

2,015 

81 

1,881 

June. 

July. 

Aug. 
767 

Sept. 

1 

1  Oct. 

1 

1.848 

2,710 

868 

116 

1,924 

2,544 

765 

351 

112 

1,839 

2,469 

782 

365 

lOi 

1,681 

2,415 

972 

335 

100 

1,472 

2,102 

974 

824 

95 

1,579 

2.242 

848 

302 

93 

1,786 

2,136 

818 

290 

92 

1,912 

1,678 

760 

280 

104 

2.010 

1,577 

797 

263 

111 

2.168 

.1,482 

735 

231 

125 

2,490 
8,108 
8,619 
2,831 
2,702 
2,822 
2,961 
8,040 

1,808 
1,708 
1,643 
1,477 
1,446 

i.av> 

1,161 
1,081 

668 
689 
692 
555 
504 
682 
533 
469 

213 
201 
196 
199 
202 
220 
220 
200 

98 

8,556 

974 

431 

183 

128 

3,865 

985 

399 

162 

160 

8,968 

974 

881 

125 

166 

8,343 

972 

344 

126 

110 

2,945 

987 

307 

125 

110 

2,933 

960 

301 

125 

110 

2,663 
2,958 
2.943 
2,734 
2,691 
2,606 

947 
841 
956 
928 
918 
897 
809 

286 
286 
281 
328 
322 
831 
423 

125 
123 
141 
141 
126 
120 

1 

NORTH  LOUP  RIVER  AT  ST.  PAUL,  NEBRASKA. 

This  Stream  has  its  source  among  the  sand  hills  in  the  western 
portion  of  Cherry  County,  Nebraska,  and  drains  the  country  midway 
between  the  Niobrara  River  on  the  north  and  Middle  Loup  River  on 
the  south.  It  has  a  general  southeasterly  direction,  joining  the  Mid- 
dle Loup  at  St.  Paul  to  form  the  main  Loup  River,  which  enters 
Platte  River  near  Columbus,  Nebraska.  Calamus  River  is  a  tribu- 
tary of  the  North  Loup  River,  entering  it  near  Burwell,  Nebraska. 
The  measurement  of  its  discharge  at  the  bridge  1  mile  above  the 
luouth  and  2  miles  north  of  Burwell,  on  May  IG,  1899,  by  Glenn  E. 
Smith,  showed  a  discharge  of  372  second- feet;  North  Loup  River,  on 
May  16,  from  a  bridge  otie-fourth  of  a  mile  above  Burwell,  below  the 
mouth  of  Calamus  River,  was  carrying  984  second-feet.  The  gaging 
station  on  North  Loup  River,  established  in  1895,  is  located  at  the 
wagon  bridge  4  miles  north  of  St.  Paul.  Measurements  at  this 
station  were  not  made  in  1898,  but  the  station  was  resumed  April  18, 
1899,  when  a  new  rod  was  located  200  feet  downstream  from  the  line 
of  the  hand  rail  on  the  wagon  bridge.  It  is  a  2  by  3  inch  timber,  16 
feet  long,  situated  on  the  left  bank  of  the  river,  at  an  angle  of  30°. 
The  bench  mark  is  the  standard  iron  pipe,  with  brass  cap,  of  the 
United  States  Geological  Survey.  It  is  set  with  the  top  5  inches 
above  the  ground,  and  102  feet  northwest  of  the  gage  rod,  and  is  at 
an  elevation  of  5.57  feet  above  gage  datum.     The  zero  of  the  old  rod 
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was  6.54  feet  below  same  bench;  so  that  0.97  foot  should  be  added  to 
all  gage  heights  after  April  18,  1899,  to  make  them  comparable  with 
the  previous  records.  The  bed  of  the  river  is  sandy  and  is  liable  to 
change  during  floods.  James  Stout,  jr.,  a  farmer  living  about  a 
quarter  of  a  mile  from  the  rod,  is  the  observer.  The  results  of  meas- 
urements may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  176;  1897,  Nineteenth  Annual  Report,  Part  IV,  i>age 
329;  1898,  no  report.  The  following  discharge  measurements  were 
made  by  Glenn  E.  Smith  during  1899: 

Mecuturements  of  North  Loup  River  at  St.  Paul,  Ndfvaska. 


Date. 


1899 

Apr.  18 

May6 

May  18 

•TTine7 

Jane  27 

July  20 


Gaffe 
height. 

Feet. 

Dis 
charge. 

Sec.  feet. 
1,678 

1.81 

1.77 

1,138 

1.66 

877 

1.68 

1,0^ 

8.40 

7,690 

1.36 

811 

Date. 


1899 

Aug.  8 

Aug.  23 

Sept.  7 

Sept.  19 

Sept.  80 


Gaee    '      Dia- 
height.  I  chargeu 


Daily  gage  height,  in  feet,  of  North  Loup  River^at  St.  Paul,  Nebraska,  for  JS99.  a 


Day. 

Apr. 

May. 

June. 

July. 

1 

Aug. 

1 

Sept 

1 
Oct.     1 

1 

1 

1.85 
1.86 
1.83 
1.80 
1.80 
1.75 
2.30 
2.32 

2.(yr 

2.00 
1.06 
1.83 
1.72 
1.72 
1.68 
1.71 
1.73 
1.70 
1.64 
1.68 
2.30 
2.08 
1.93 
1.90 
1.87 
1.83 
1.78 
1.75 

I.n 

1.73 
1.73 

1.68 
1.66 
1.66 
1.62 
1.61 
1.60 
1.65 
1.57 
1.66 
1.52 
1.55 
1.53 
1.47 
1.42 
1.41 
1.45 
1.48 
1.50 
1.50 
1.60 
1.47 
1.50 
1.53 
2.30 
2.00 
1.80 
8.30 
2.64 
2.12 
2.08 

1.96 
1.83 
1.75 
1.68 
1.68 
1.59 
1.56 
1.66 
1.66 
1.67 
1.6:3 
1.53 
1.49 
1.45 
2.12 
2.27 
2.08 
1.92 
1.75 
1.35 
1.87 
1.28 

l!28 
1.33 
1.32 
1.26 
1.22 
1.83 
1.35 

1.34 
1.37 
1.38 
1.89 
2.20 
2.08 
2.06 
2.01 
1.88 
1.80 
1.92 
1.74 
1.92 
1.86 
1.65 
1.65 
1.67 
1.48 
1.65 
1.57 
1.62 
1.58 
1.67 
1.64 
1.64 
1.65 
1.57 
1.53 
1.64 
1.57 
1.59 

1.61 
1.68 
1.73 
1.57 
1.62 
1.70 
1.95 
1.98 
1.85 
1.80 
1.72 
1.68 
1.65 

im 

1.60 
1.63 
1.53 
1.56 
1.50 
1.50 
1.50 
1.51 
1.50 
1.55 
1.52 
1.50 
1.52 
1.66 
1.55 
1.6S 

l.SS 
1.38 
1..% 
1.55 
1.57 
l.SS 
1.50 
l.iSO 
1.00 
1.63 
I.  SB 
1.58 
1.57 
1.55 
2.06 
2.08 
1.97 
l.O 
1.65 
1.65 

i.ao 

1.58 
1.00 
1.00 
1.02 

i.eo 

1.65 

2 

8  

4 

6 

6 

7 

8 

■ 

9 

10 

11 

12 

18 

14  

16 



16 

17 

18 

1.81 
1.77 
1.82 
1.78 
1.75 
1.72 
1.80 
1.83 
1.78 
8.20 
2.78 
2.43 
1.87 

19 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

1.63 
1.58 

30 

L57 

81 

1.56    ' 

a  Closed  for  winter  October  31. 


MIDDLE  LOUP  RIVER  AT  ST.    PAUL,   NEBRASKA. 

This  river  also  has  its  source  in  the  sand  hills  of  Cherry  CJounty, 
and  flows  in  a  general  southeasterly  direction,  joining  the  North  Loup 
River  at  St.  Paul.  Oak  Creek  is  a  small  stream  draining  the  area 
east  of  Loup  City  and  flowing  southeasterly  into  the  Middle  Loup. 
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It  was  measured  by  Glenn  E.  Smith,  on  May  19,  1899,  at  a  point  above 
the  backwater  from  the  dam,  at  which  time  it  showed  a  discharge  of 
6  second-feet.  The  original  station  was  established  May  5,  1895,  by 
Glenn  E.  Smith,  but  was  discontinued  during  1898.  It  was  reestab- 
lished, however,  on  April  18,  1899,  and  is  located  at  the  highway  and 
railway  bridge  about  1  mile  south  of  St.  Paul.  The  rod  is  located 
on  the  right  bank  of  the  stream,  130  feet  downstream  from  the  line  of 
hand  rail  of  bridge  and  consists  of  an  oak  rod  2  by  3  inches,  16  feet 
long,  set  at  an  angle  of  30  degrees.  On  account  of  a  change  in  the 
channel  of  the  river,  which  threatened  to  leave  the  gage  rod  dry,  a 
second  rod  was  set  on  the  north  side  on  June  7,  1899.  The  new  rod 
is  2  by  4  inches,  hard  pine,  12  feet  long,  set  at  an  angle  of  30  degrees, 
and  2(X)  feet  downstream  from  the  bridge.  The  gage  datum  is  the 
same  for  both  rods.  The  observer  is  instructed  to  read  the  rod 
adjacent  to  the  main  channel,  on  whichever  side  it  may  be,  and  the 
hydrographer  is  expect»ed  to  read  both  rods.  The  bench  mark  is  the 
regulation  4-foot  iron  post  of  the  United  States  Geological  Survey, 
and  is  located  60  feet  southeast  of  the  gage  rod  and  100  feet  from  the 
line  of  the  downstream  hand  rail  of  the  bridge.  It  is  7.54  feet  above 
gage  datum.  The  zero  of  the  original  rod  was  7.35  feet  below  the 
same  bench  mark,  so  that  0.19  foot  should  be  subtracted  from  all 
gage  heights  after  April  18,  1899,  to  make  them  comparable  with  the 
previous  records.  The  observer  is  A.  C.  Snyder,  a  farmer  living 
about  one-half  mile  from  the  station.  The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  181;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  330;  1898, 
no  report.  The  following  measurements  were  made  by  Glenn  E. 
Smith  and  Adna  Dobson  during  1899: 

Measurements  of  Middle  Loup  River  at  St.  Paul,  Nebraslpa. 


Date. 


JoBv. 

Apr.18 

May  4 

May  18 

June  7 

Jnne27 

July  20 


Gage 

Dis- 

height. 

charge. 

Feet. 

Sec.  feet. 

2.10 

968 

1.84 

964 

l.TO 

1,186 

2.30 

920 

4.20 

14,681 

2.18 

888 

Date. 


Oace 

height 


1899. 

Aug.7 

Aug.28 

Sept.7 

Sept.  19 

Sept.  30 


Feet 
2.68 
2.20 
2.26 
2.40 
2.26 


Dis- 
charge. 


Sec.  feet. 
1,612 
1,118 

088 
1,112 

960 
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Daily  gage  height^  in  feet,  of  Middle  Loup  River  at  St.  Paul^  Nebraska,  for  IS99.  (a) 


1                  Day. 

Apr. 

May. 

Jnne. 

July. 

Aoff. 

Sept. 

1 
Oct 

1 

1.76 
1.80 
1.T9 
1.81 
1.95 
1.82 
1.90 
2.08 
1.98 
1.87 
1.81 
1.78 
1.76 
1.75 
1.00 
1.62 
1.62 
1.72 
1.66 
1.70 
1.80 
2.15 
2.05 
1.70 
1.68 
1.00 
1.83 
1.S2 
1.66 
1.49 
1.84 

l.SO 
1.41 
1.40 
1.62 
1.58 
1.44 
1.54 
1.29 
1.32 
1.25 
1.24 
1.20 
1.83 
1.88 
1.81 
1.88 
1.80 
4.28 
1.19 
1.15 
1.32 
1.84 
•     1.29 
1.29 
2.84 
4.17 
8.51 
8.80 
2.84 
2.85 

2.00 
1.87 
1.90 
1.90 
2.12 
2.78 
8.17 
2.71 
2.42 
2.16 
2.12 
2.09 
2.18 
8.10 
2.65 
2.55 
2.86 
2.20 
2.12 
2.12 
2.09 
2.11 
2.12 
2.15 
2.06 
2.02 
2.06 
2.80 
2.20 
2.10 
2.42 

2.24 
2.12 
2.16 
8.10 
2.74 
2.70 
2.65 
2.67 
2.06 
2.26 
2.20 
2.18 
2.18 
2.25 
2.89 
2.86 
2.81 
2.80 
2.27 
2.21 
2.20 
2.15 
2.20 
2.20 
2.15 
2.19 
2.16 
2.12 
2.10 
2.18 
2.21 

2.29 
2.29 
2.83 
2.19 
2.16 
2.21 
2.18 
2.28 
2.38 
2.34 
2.34 
2.38 
2.28 
2.25 
2.30 
2.80 
2.40 
2.88 
2.88 
2.80 
2.80 
2.80 
2.80 
2.27 
2.26 
2.24 
2.27 
2.26 
2.24 
2.22 

2.24 

2.20 

2.35    1 

2.34    1 

2.37    1 

2.40    1 

2.87 

2.34 

2.36 

2.36 

2.34 

2.37    1 

2.85    1 

2.40    1 

2.39 

2.49 

2.47 

2.40 

2.42 

2.40 

2.41 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

2.10 
2.09 
2.12 
2.09 
2.10 
2.00 
2.00 
2.08 
2.00 
2.12 
2.89 
2.00 
1.74 

19 

20.\ 

21  .              

28 

2.42    I 

28 

2.41    1 

24 

2.40    1 

25 

2.45    1 

26 . 

27 

2.42    , 
2.45    i 

28 

2.44 

29 

2-47 
2.40 

80 

81 

2.48 

a  Cloaed  for  winter  October  81. 


LOUP  RIVER  AT  COLUMBUS,  NEBRASBLl. 

This  river  is  formed  by  the  junction  of  the  North  Loiip  and  Middle 
Loup  rivers  at  St.  Paul,  Nebraska,  and  60  miles  below  St.  Paul  enters 
the  Platte  River  near  Columbus,  Nebraska.     Cedar  River  is  a  tribu- 
tary of  Loup  River,  and  flows  southeasterly,  emptying  into  Loup  River 
at  Fullerton,  30  miles  below  St.  Paul.     At  Ericson,  Nebraska,  a  large 
dam  has  been  built  for  the  purpose  of  turning  Cedar  Creek  into  a 
canal  to  be  used  for  irrigation.     The  dam  backs  the  water  for  about 
one-half  a  mile,  forming  a  pond  1,000  feet  in  width  in  some  places. 
May  17,  1899,  Glenn  E.  Smith  measured  the  river  500  feet  below  the 
above  dam,  and  below  the  race  of  a  small  mill  near  by,  and  found  a 
discharge  of  113  second-feet;  at  the  same  time  the  mill  race  was 
carrying  10  second-feet,  and  the  Cedar  Valley  irrigation  canal   20 
second-feet — ^this  latter  being  measured  about  1,000  feet  below  the 
head  gates.     On  the  same  day  a  measurement  was  made  by  wadiug,  at 
a  point  2  miles  from  Ericson  and  above  the  backwater  from  the  dam, 
and  gave  a  discharge  in  Cedar  River  of  107  second-feet.     A  tributary 
known  as  Dry  Cedar  enters  near  this  point.— there  being  seldom 
any  discharge  from  it  except  during  the  rainy  season.     Near  the 
mouth  of  this  tributary  are  several  small  springs,  not  large  enough, 
however,  to  give  a  continuous  discharge.     They  were  found  to  be 
flowing  on  May  17,  at  a  point  about  1  mile  north  of  Ericson,  5  second- 
feet,  while  5  miles  above  the  channel  was  dry.     The  gaging  station 
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on  the  Loup  River  is  located  near  the  iron  bridge  of  the  Union  Pacific 
Railway  just  west  of  Columbus,  Nebraska,  and  only  a  short  distance 
above  the  mouth  of  the  river.  The  gage  rod  is  150  feet  from  the 
bridge,  and  is  of  oak,  fastened  to  a  pile  which  forms  part  of  the  train- 
ing works  above  the  bridge.  The  bench  mark  is  the  regulation  4-foot 
iron  post  of  the  United  States  Geological  Survey,  placed  72  feet  east 
of  the  rod,  and  is  13.27  feet  above  gage  datum.  The  results  of  meas- 
urements may  be  found  as  follows:  1896,  Eighteenth  Annual  RejKjrt, 
Part  IV,  page  182;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
332;  1898,  Twentieth  Annual  Report,  Part  IV,  page  294.  The  fol- 
lowing measurements  of  discharge  were  made  by  Glenn  E.  Smith 
during  1899 : 

Measurements  of  Loup  River  at  Columbus,  Nebraska. 


Date. 


1809. 

Jan.  22 

Apr.  9 

Apr.  23 

May  7- 

May  23 

June  4 

June  18 

June  29 


Qase 
height. 

Dis- 
chHrge. 

Feet. 

Sec- feet. 
2,726 

Frozen. 

4.95 

8,1)04 

5.00 

2,699 

6.05 

3,057 

5.54 

4,073 

4.86 

2,628 

4.75 

1,921 

5.80 

7,728 

Date. 


1899— Oontlnned. 

July  9 

July23 

Aug.  6 

Aug.  20 

Septs 

Sept.  17 

Oct.6 

Oct.  15 


Oage 
heignt. 


Feet. 
5.40 
4.25 
4.98 
4.01 
4.40 
4.40 
4.60 
4.80 


Dis- 
charge. 


Sec-feet. 
8,485 
1,792 
8.251 
2,267 
1,902 
1,840 
2,402 
1,963 


Daily  gage  height,  in  feet,  of  Loup  River  at  Columbus,  Nebraska,  for  1899. 


1             i>»y. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

5.30 
4.05 
4.60 
4.70 
4.90 
4.95 
5.05 
4.95 
6.15 
6.00 
4.95 
4.80 
4.85 
4.97 
5.30 
6.15 
5.14 
4.95 
6.00 
5.05 
5.40 
5.80 
5.54 
5.40 

5.50 

4.30 
4.25 
4.20 
4.25 
4.55 
4.03 
4.90 
4.80 
4.85 
4.80 
4.70 
4.85 
4.20 
4.10 
4.50 
4.20 
4.40 
4.40 
4.60 
4.61 
4.80 
4.70 
4.75 
4.80 
4.81 
4.80 
4.81 
4.80 
4.70 
4.00 
4.70 

4.80 
4.85 
4.80 
4.80 
4.70 
4.60 
4.56 
4.50 
4.80 
4.70 
4.60 
4.50 
4.45 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

4.40 
4.40 
4.40 
4.40 
4.46 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.80 
4.70 
.4.75 
4.70 
4.60 
4.60 
1.60 
4.70 
4.00 
4.60 
4.55 
4.55 
4.50 
4.56 
4.60 
4.66 
4.66 

2 

5.40 
5.60 
5.80 
5.70 
6.00 
4.90 
6.00 
4.95 
4.90 
6.00 
4.90 
4.80 
4.90 
5.10 
5.20 
5.15 
5.10 
5.00 
4.90 
4.90 
4.90 
5.00 
4.90 
4.85 
4.90 
5.00 
6.40 
6.00 
5.80 

5.00 

8 

6.90 

4 

4.80 

6 

6.70 

6 

6.40 

7 

6.60 

8 

9 

10 

4.40 

11 

6.40 

12 

4.00 
4.20 
4.21 
4.20 
4.10 
4.20 
4.15 
4.00 
8.08 
4.00 
4.10 
4.26 
4.20 
4.21 
4.20 
4.20 
4.22 
4.23 
4.60 
4.40 

18 

14 

16 

16 

4.80 
4.'70" 

17 

18 

19 

20 1 

21  

4.95 

22 

28 

""6.'io 

24 

26..." 

26 

27 

6.90 

28 : 

29 

6.40 

5.80 

80 

81 1 
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PLATTE   RIVER  AT  COLUMBUS,  NEBRASKA. 

Lower  Platte  River  is  a  sandy  stream,  the  bed.  shifting  during  the 
high  stages,  through  which  considerable  water  is  lost  ^during  the 
summer  season.  On  September  8  there  were  only  20  second-feet  flow- 
ing in  the  middle  channel  at  the  bridge  of  the  Burlington  and  Mis- 
souri Raili*oad  near  Central  City,  Nebraska,  this  point  being  20  miles 
below  Grand  Island  and  40  miles  above  Columbus.  On  September 
19,  Glenn  E.  Smith  reports  that  the  stream  was  dr}'^  at  this  point. 
Mr.  Adna  Dobson  reports  the  river  dry  at  Grand  Island  on  September 
30.  The  gaging  station  at  Columbus  was  est>ablished  in  1895,  and  is 
located  on  the  loft  bank  of  the  main  channel  of  the  river,  75  feet 
above  the  Meridian  bridge  south  of  Columbus.  It  is  about  4  miles 
above  the  mouth  of  the  Loup  River.  The  gage  consists  of  an  inclined 
oak  timber  fastened  to  cross-ties  which  are  bedded  in  the  bank  of  the 
river.  The  channel  is  straight  both  above  and  below  the  gage.  The 
bench  mark  is  a  standard  4-foot  iron  post  of  the  United  States  Geo- 
logical Survey,  and  is  located  44.5  feet  east  of  the  gage,  60  feet  north 
of  the  north  end  of  the  north  bridge  truss,  and  10  feet  west  of  a 
Cottonwood  tree  6  inches  in  diameter.  Its  elevation  is  7.06  feet  above 
gage  datum.  The  results  of  measurements  niaj'  Ix^  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  190;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  334;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  295.  The  following  discharge  measurements  were 
made  by  Glenn  E.  Smith  and  Adua  Dobson  during  1899: 

Mecisurements  of  Platte  River  at  Columhus,  Nebraska. 


Date. 


Jan.  fS. 
Feb.  19. 
Apr.  9 . 
Apr.  23 
May  7.. 
May  28. 
June  4 . 
June  18 
June  29 


1899. 


Gage 


;  height,     charge 


Dl8- 


Feet. 


8.50 
8.94 
4.14 
8.81 
4.U1 
4.00 
4.82 


Sec-feet. 

00 

6,786 
8.210 

10,121 
7,878 
9,294 
9,279 

18,631 


July  9... 
July  23.. 
Aug.  6 . . 
Aug.  20 . 
Sept.  8.. 
Sept.  17. 
Gets... 
Oct.  15.. 


Date. 


1899. 


Qage    I      Dia- 
height.  ,  charge.  ' 


Feet. 
4.61 
3.81 
4.00 
2.80 
.90 


Sec- feet. 

17.  OSS 

8.6(H 

»,4M 

o,  338 

98 

15 

I>ry. 

8 
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Daily  gage  height,  in  feet,  of  Platte  River  at  Columbus,  Nebraska,  for  1899, 


Day. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

1 

<  3.90 
3.78 
8.80 
8.85 
8.93 
4.00 
4.14 
3.96 
4.00 
3.94 
8.87 
3.80 
8.73 
8.68 
3.60 
8.63 
8.41 
8.36 

a2i 

3.30 
8.91 
4.10 
3.81 
4.50 
4.70 
4.90 
5.05 
4.83 
4.70 
4.60 
4.51 

4.30 
4.10 
4.00 
4.01 
3.40 
3.70 
4.00 
3.81 
8.65 
3.64 
4.50 
4.60 
4.80 
4.95 
4.98 
4.99 
4.98 
4.00 
4.00 
4.00 
4.20 
4.40 
4.50 
4.63 
4.40 
4.43 
4.60 
4.75 
4.85 
5.15 

6.10 
4.90 
4.80 
4.85 
4.95 
4.98 
4.97 
4.98 
4.61 
4.63 
4.62 
4.60 
4.58 
4.56 
4.50 
4.50 
4.40 
4.23 
4.11 
4.10 
4.00 
3.90 
3.88 
3.80 
3.70 
3.72 
8.74 
8.80 
8.90 
8.92 
8.85 

"3.70 
3.65 
3.60 
3.68 
8.88 
4.00 
3.90 
3.96 
3.94 
3.90 
8.80 
4.U0 
3.50 
3.40 
3.30 
2.90 
2.95 
2.85 
2.81 
2.80 
2.81 
2.80 
2.75 
2,70 
2.  CO 
2.55 
2.40 
2.00 
1.6U 
1.50 
1.35 

1.20 
1.10 

.90 

.85 

.80  . 

.70 

.66 

.60 

.50 

2 

.00 
.00 
4.00 
4.80 
4.50 
4.40 
3.70 
3.45 
3.50 
8.55 
3.00 
3.65 
3.20 
3.10 
3.00 
3.10 
8.20 
3.60 
3.80 
4.00 
3.90 
3.94 
3.50 
8.93 
4.60 
3.90 
3.83 
3.90 
3.93 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14    

15 

16   

17 

18 

19 

20 

21 

22   

23     ... 

24 

-• «■•«•>>• 

25 

28 

27 

26 

29 

30 

31 

June  18-20j7age  washed  out:  gase  heights  estimated.    September  10-October  28,  sand  bar;  no 
reading    Closed  for  the  winter  September  9. 

ELKHORN  RIVER  AT  NORFOLK,  NEBRASKA. 

This  river  rises  in  the  sand  hills  in  Rock  County,  Nebraska,  and 
flows  in  a  general  southeasterly  direction,  entering  the  Platte  River 
about  30  miles  above  its  mouth.  Two  gaging  stations  are  maintained 
on  this  river,  one  at  Norfolk,  Nebraska,  and  the  other  at  Arlington, 
Nebraska.  The  station  at  the  former  place  is  at  the  Thirteenth  street 
bridge,  2  miles  south  of  Norfolk  and  above  the  mouth  of  the  North 
Fork  of  Elkhorn  River.  The  gage  consists  of  an  inclined  oak  timber 
fastened  to  cross-ties,  which  are  firmly  bedded  in  the  bank  of  the 
river.  The  bench  mark  is  a  standard  4-foot  iron  pipe  of  the  United 
States  Geological  Survey,  35  feet  west  and  7  feet  north  of  the  top  of 
gage  and  15.5  feet  west  of  an  ash  tree.  Its  elevation  is  10. 70  feet  above 
gage  datum.  The  bed  of  the  river  is  composed  of  sand  and  mud.  A 
number  of  measurements  of  the  North  Fork  were  made  and  are 
given  below.  The  results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  191;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  335;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  296.  The  following  jneasurements  were  made  by  Glenn 
E.  Smith  during  1899: 

Elkhorn  River: 

January  26,  gage  height,  frozen;  discharge,  273  second- feet. 
April  27,  gage  height,  1.94;  discharge.  501  second-feet. 
May  10,  gage  height,  2.01  feet;  discharge,  572  second-feet. 
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Elkhom  River— Con  tinned. 

May  25,  gage  height,  2.73  feet;  discharge,  830  second-feet. 

Jnly  7,  gage  height,  1.70  feet;  discharge,  427  seoond-feet. 

Angnst  17,  gage  height,  1.80  feet;  discharge,  274  second-feet. 

September^,  gage  height,  1.12  feet;  discbarge,  184  second- feet. 
North  Fork  of  Elkhom  River: 

Febmary  20,  discharge,  110  second-feet. 

April  27,  discharge,  122  second-feet. 

May  25,  discharge,  414  second-feet. 

Angnst  17,  discharge,  81  second-feet. 

September  25,  discharge,  85  second-feet. 

Daily  gage  height,  in  feet,  of  Elkhom  River  at  Norfolk,  Nebraska,  for  1899. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

1 

1.94 
2.24 
2.30 
3.20 
2.41 
2.31 
2.24 
2.16 
2.06 
2.00 
1.92 
1.88 
1.78 
1.73 
1.77 
1.77 
1.74 
1.70 
1.80 
3.50 
3.58 
3.34 
2.63 
2.65 
2.75 
2.80 
2.85 
2.75 
2.35 
2.20 
2.07 

2.07 
2.03 
1.98 
1.85 
1.86 
1.87 
2.45 
2.22 
1.92 
1.82 
1.75 
1.74 
1.64 
1.63 
1.64 
1.66 
1.60 
1.63 
1.57 
1.57 
1.67 
1.53 
1.46 
1.65 
2.07 
1.76 
•  2.65 
3.76 
3.40 
3.02 

2.45 
2.20 
197 
1.66 
1.76 
1.74 
1.68 
1.71 
1.67 
1.73 
1.73 
1.78 
1.69 
1.65 
1.56 
1.61 
1.48 
1.45 
1.43 
1.45 
1.38 
1.84 
1.26 
1.21 
1.23 
1.23 
1.24 
1.24 
1.24 
1.21 
1.22 

1.20 
1.23 
1.27 
1.32 
1.38 
1.38 

i.as 

1.36 
1.46 
1.27 
1.28 
1.48 
1.48 
1.83 
1.84 
1.38 
1.88 
1.26 
1.26 
1.23 
1.26 
1.23 
1.17 
1.17 
l.U 
1.13 
1.12 
.97 
.95 

.97 

0.97 

.97 

.76 

.70 

.67 

1.06 

1.08 

1.12 

1.15 

1.13 

1.13 

1.10 

1.06 

1.02 

1.06 

1.11 

i.oe 

l.U 
1.04 
1.06 
l.(B 
1.08 
1.04 
1.17 
1.11 
1.10 
1.12 
1.12 
1.13 
1.12 

1 
1.13 

2 : 

1.19    ' 

3 

1.28    ' 

4 

1.26 

6 

1.22 

6 .^ 

1.23 

7 .•*. 

1.90 
1.87 
1.90 
1.98 
2.00 
2.01 
2.06 
2.06 
2.08 
1.98 
1.98 
1.97 
1.99 
1.90 
1.97 
1.89 
1.85 
1.84 
1.84 
1.87 
1.93 
1.95 
1.89 
1.73 

1.22    1 

8 

1.27    , 

9 

1.28 

10 

1.25    ' 

11 

L2D    , 

12 

1.20 

)3 

1.29    ' 

U 

1.27    1 

16. 

1.33    1 

16 

l.» 

17 

l.ffi 

18 

1.31    1 

19 

1.32 

20 

1.34 

21 

1.33 

22 

1.38 

23 

1.33    ' 

24 

1.31    1 

26.. 

1.36    1 

26 

1.31    1 

27 

28 

1.34    , 
1.34 

29 

1.31    ' 

30 

31 

1-32    ' 
1.30    j 

1 

1 

Closed  for  winter  October  31. 


ELKHORN   RIVER  AT  ARLINGTON,    NEBRASKA. 

The  station  at  Arlington,  Nebraska,  was  established  by  Glenn  E. 
Smith  April  28, 1899,  and  is  located  at  the  wagon  bridge  1  mile  west  of 
the  town  of  Arlington.'  The  original  rod  was  fastened  to  cross-ties, 
which  are  solidly  bedded  in  the  river  bank.  It  consisted  of  a  new  oak 
stake  3  by  4  inches  and  1 2  feet  long.  It  was  placed  200  feet  downstream 
from  the  bridge  oh  the  west  bank  of  the  river.  Bench  mark  No.  1  is 
a  large  spike  driven  in  a  pile  50  feet  upstream  from  the  rod,  and  is 
6.36  feet  above  gage  datum.  Bench  mark  No.  2  is  a  large  spike  driven 
in  a  piling  20  feet  back  and  10  feet  upstream  from  the  rod,  and  is  9.12 
feet  above  gage  datum.  Bench  mark  No.  3  is  a  vertical  spike  driven 
into  a  small  leaning  tree  5  feet  downstream  from  the  rod,  and  is  7.43 
feet  above  gage  datum.     On  May  10  the  rod  was  washed  out;  on  May 
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29  it  was  replaced  by  an  oak  rod  2  by  6  inches  and  16  feet  long.  This 
rod  was  placed  on  the  same  bank  as  the  first  rod,  bnt  was  set  25  feet 
farther  upstream.  The  gage  datum  was  not  changed.  S.  P.  Ham- 
mang,  a  farmer  living  about  300  yards  from  the  gage  rod,  is  the 
observer.  The  following  discharge  measurements  were  made  by 
Glenn  E.  Smith  during  1899 : 

Measurements  of  EVchom  River  at  Arlington^  Nebraska, 


Date. 


1860. 


Peb.4... 
Feb.  17.. 
Apr.  28  . 
MayO... 
May  24.. 
May  20.. 
June  22. 


Gage 
height. 


Dis- 
charge. 


Feet. 


1.78 
8.90 


4.24 

2.70 


Sec-feet. 
837 


704 
1,779 
1.626 
2,462 
1,199 


Date. 


1899. 

Julys 

Aag.9 

Ang.18 

Sept.  15 

Sept.  24 

Oct.  18 


Gage 
height. 

Dis- 

charge. 

Feet. 

Sec-feet. 

2.28 

1,016 

1.72 

782 

1.40 

606 

.82 

344 

.75 

340 

.90 

351 

Daily  gage  height,  in  feet,  of  Elkhom  River  at  Arlington,  Nebraska,  for  1S99, 


Day. 

Apr. 

May. 

1.84 
2,07 
1.86 
1.96 
2.80 
3.00 
4.37 
3.96 
8.91 

(a) 

(a) 

(a) 

(a) 

ia) 

(a) 
(a) 
(a) 

(a) 
iaS 

(a) 

(a) 
(as 

H 

(a) 

(a) 
4.24 
4.15 
4.17 

Jnne. 

Jnly. 

Aug. 

1.82 
1.25 
1.17 
1.86 
1.50 
1.40 
1.56 
2.00 
1.70 
1.57 
1.66 
1.40 
1.41 
1.86 
1.42 
1.49 
1.48 
1.39 
1.27 
1.24 
1.09 
1.10 
1.00 
1.21 
1.23 
l.UB 
1.02 
1.07 
1.08 
1.01 
.85 

Sept. 

Oct. 

1 

3.81 
8.65 
3.63 
8.60 
3.41 
3.42 
8.54 
2.87 
2.58 
2.88 
2.35 
2.40 
5.85 
4.94 
4.55 
4.12 
4.30 
4.48 
3.67 
^.16 
2.67 
2.76 
2.75 
2.65 
2.51 
2.21 
2.32 
2.19 
2.82 
2.64 

2.68 
2.68 
8.19 
2.97 
2.81 
2.66 
2.38 
2.23 
2.28 
2.12 
2.18 
2.02 
2.10 
1.94 
1.86 
1.83 
1.76 
1.68 
1.64 
1.63 
1.67 
1.50 
1.55 
1.86 
1.30 
1.27 
1.27 
1.25 
1.26 
1.20 
1.22 

0.87 
.80 
.76 
.73 
.70 
.72 
.74 
.75 
.74 
.79 
.80 
.82 
.81 
.84 
.79 
.75 
.74 
.73 
.73 

.65 
.66 
.69 
.72 
.75 
.76 
.70 
.09 
.66 
.64 
.65 

0.68 

.69 

.68 

.67 

.68 

.73 

.74 

.78 

.79 

.82 

.86 

.88 

.90 

.92 

.93 

.94 

.92 

.91 

.92 

.96 

.96 

1.08 

1.04 

1.10 

1.12 

1.11 

1.12 

1.13 

1.12 

1.13 

1.11 

2 

3 

- 

4 

5 

6 ;.... 

7 

8 

9 

10 

'    11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24      

26 

26       

27 

28 

1.78 
1.76 
1.81 

29 

30 

31         ... 

Closed  for  winter  October  81. 


a  Rod  washed  out. 


RBPUBLICAN  RIVER  AT  SUPERIOR,  NEBRASKA. 

This  river  rises  in  the  northeastern  part  of  Colorado,  and  after 
entering  Nebraska  it  flows  in  a  general  easterly  direction  along  the 
southern  boundary  of  the  State  to  98°  west  longitude,  where  it  bends 
into  Kansas,  and  thence  flows  southeasterly  until  it  joins  the  Smoky 
Hill  River  at  Junction  to  form  the  Kansas  River.  All  of  the  tribu- 
taries of  the  Kansas  River  have  their  sources  in  the  Great  Plains 
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region,  none  drawing  their  supply  from  a  mountain  area.  They  are 
also  different  from  ordinary  streams,  in  that  the  rainfall  is  less  at  the 
headwaters,  gradually  increasing  downstream.  Two  gaging  stations 
are  maintained  on  Republican  River,  one  at  Superior,  Nebraska,  just 
before  it  enters  Kansas,  and  the  other  at  Junction,  Kansas.  The 
former  station  was  established  June  20, 1896,  about  one  mile  west  from 
Superior,  Nebraska.  The  old  gage  rod  w^is  first  placed  just  above  the 
river  highway  bridge,  which  is  itaelf  75  yards  above  the  dam  which 
diverts  water  into  the  mill  race.  In  the  spring  of  1898  two  other  gages 
were  located  and  have  been  exclusively  used  during  the  last  season. 
The  first  gage  was  placed  in  the  river  a  few  feet  upstream  from  the 
crest  of  the  dam  the  zero  being  at  same  elevation  as  the  crest,  the 
second  is  in  the  mill  race,  where  it  is  crossed  by  a  wagon  bridge 
about  50  yards  below  its  head.  Discharge  measurements  of  the  river 
are  made  from  the  highway  bridge,  thus  determining  at  once  the  dis- 
charge through  the  mill  race  and  from  the  dam.  The  discharge  from 
the  mill  race  was  measured  in  order  that  it  might  l)e  deducted  from 
the  total  discharge  of  the  river  to  give  the  amount  passing  over  the 
dam.  The  bench  mark  for  the  river  gage  is  a  standard  4r-foot  iron 
post  of  the  United  States  Geological  Survey,  and  iw  situat'Od  83  feet 
north  of  the  upstream  cylinder  of  the  north  pier  of  the  bridge,  and 
1  foot  inside  of  a  wire  fence.  Its  elevation  is  4.92  feet  above  datum 
of  gage  at  dam.  The  gage  of  the  mill  race  reads  2  feet  higher  than 
that  of  the  river  gage,  so  that  its  zero  is  6.92  feet  below  the  same  bench 
mark.  During  1899  Glenn  E.  Smith  made  an  examination  of  a  por- 
tion of  the  upper  Republican  River.  On  September  6,  at  Oxford, 
Nebraska,  the  river  channel  was  dry  and  was  reported  to  have  been 
in  this  condition  for  ten  days.  At  Orleans,  about  12  miles  below,  there 
was  an  estimated  discharge  of  0.3  second -feet — this  small  amount  com- 
ing from  Sappa  River,  which  enters  at  this  point.  The  results  of 
measurements  may  be  found  tis  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  201;  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  339;  1898,  Twentieth  Annual  Report,  Part  IV,  page  317. 
The  following  discharge  measurements  were  made  by  Glenn  E.  Smith 
during  1899 : 

Measurements  of  Republican  River  at  Superior^  Nebraska* 


Date. 


ISOO. 
January  24 . 
February  li 

April  10 

Mayl 

May  13 

June  2 

Jane  16 


Qase 
heiffht. 

Dis- 
oharge. 

Fbot 

Sec. -feet. 

Frosen. 

463 

Frosen. 

101 

0.96 

78B 

.76 

388 

.61 

442 

.51 

»1 

.68 

480 

Date. 


1800. 

June  26 

July  6 

July  26 

August  11  — 
September  6. . 
September  20. 
October  17  ... 


Gage 
heigbt. 


Foot. 

0.42 

.00 

.23 

.40 


1 

Dis-      I 
charge. 


I 


SeC'feet. 
204 
732 
135 

215 
0 
0 
0 


NEBRASKA. 
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1889. 

April  10 

Mayl 

May  13 

June  2 

June  16 

June  26 


Gage 
height. 

Dis- 
charge. 

Feet. 

1 
Sec-feet. 

2.96 

49 

3.00 

0 

3.10 

47 

2.60 

55 

3.50 

58 

8.40 

60 

Date. 


1899. 

July  6 

August  11 

September  6 . 
September  29. 
October  17.... 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec-feet. 

2.80 

60 

2.70 

60 

2.60 

50 

1.20 

25 

1.60 

50 

No  water  was  passing  over  the  dam,  and  all  was  in  the  mill  race  on 
September  6  and  29  and  October  17.  The  figures  which  are  noted  as 
gage  heights  in  the  mill  race  during  1899  are,  in  fact,  measuremients 
of  the  center  depth  at  the  gaging  section.  As  expected,  this  has 
proved  to  be  a  better  basis  for  the  computation  of  areas  of  cross  sec- 
tion there  than  the  gage  height  observed  in  previous  years. 

Daily  gage  height^  in  feet  ^  of  Republican  River  at  Superior  ^  Nebraska,  for  1899. 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

0.97 

1.00 
.95 
.94 

1.00 
.98 

1.04 
.97 

1.00 
.97 
.94 
.89 
.90 
.90 
.88 
.74 
.83 
.83 
.82 
.77 
.82 
.73 
.63 
.76 
.70 
.TO 
.75 
.76 
.79 
.70 

0.74 
.70 
.73 

1.18 
.68 
.64 
.60 
.61 
.68 
.63 
.68 
.60 
.61 
.67 
.63 
.09 
.06 
.04 
.66 
.98 

1.60 

1.02 
.80 
.74 
.70 
.80 
.73 
.60 
.05 
.03 
.54 

0.45 
.51 
.00 
.00 
.47 
.45 
.47 
.45 
.40 
.40 
.41 
.35 
.83 
.70 
.53 
.63 
.42 
.41 
.12 
.36 
.35 
.32 
.60 
.03 
.30 
.42 
2.00 
2.05 
1.8] 
1.22 

1.05 
.90 
.80 
.80 
.79 
.90 
.93 
.89 
.08 
.51 
.45 
.42 
.52 
.47 
.42 
.45 
.45 
.40 
.39 
.40 
.49 
.42 
.35 
.20 
.26 
.26 
.25 
.26 

1.22 
.00 
.45 

0.91 
.95 
.82 
.68 
.60 
.45 
.52 
.42 
.41 
.41 
.40 
.41 
.50 
.60 
.44 
.39 
.02 
.52 
.42 
.41 
.27 
.35 
.31 
.20 
.30 
.45 
.72 
.33 
.21 
.33 
.20 

0.12 
.09 
.20 

(a) 
(a) 

(o) 
(a) 
(a) 

(a) 
(a) 
(o) 
(o) 
(a\ 
laS 
la) 
(a) 
(a) 
(a) 

(a) 

(o) 
(a) 
(o) 
(a) 
(a) 

(a) 
(a) 
la\ 
la) 

¥\ 

(a) 
(a) 
la\ 
(a) 

(o) 
(a) 
(a) 
la) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a\ 
(a) 

^A 
(o) 

(a) 
la) 

2 

3 

... ...... 

4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

14 

16 

10 

17 

18 

19 

1.18 
.94 
.89 
.99 
.99 
.96 
.92 
.94 
.93 
.96 
.92 
.91 
.96 

80 

21 

22 

28 

24 

25 

26 

27 

28 

1    29 

ao 

81-    .    . 

a  September  4  to  20, 22  to  80,  no  water  flowing  over  dam. 

IBB    37 4: 


Closed  for  winter  October  3L 
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Daily  gage  height,  in  feet,  of  mill  race  at  Superior,  Nebraska,  for  189y. 


Day. 

Mar. 

Apr. 

May. 

June. 

2.54 
2.06 
2.65 
2.67 
2.50 
2.49 
2.50 
2.48 
2.41 
2.46 
2.69 
3.20 
3.22 
3.62 
3.35 
3.60 
3.38 
3.27 
2.56 
3.20 
3.21 
2.95 
3.35 
3.62 
2.43 
3.12 
5.69 
4.51 
2.46 
2.45 

July. 

2.16 
1.80 
2.18 
2.30 
2.34 
2.40 
2.42 
2.54 
2.01 
2.22 
2.88 
2.25 
2.94 
2.84 
2.80 
2.86 
8.08 
3.26 
2.95 
2.90 
3.08 
3.04 
2.93 
2.81 
2.00 
2.80 
2.70 
2.71 
3.80 
2. 93 
3.43 

Anu. 

3.05 
2.86 
2.38 
1.94 
1.86 
2.05 
2.87 
2.64 
2.78 
2.80 
2.07 
2.70 
2.90 
3.00 
2.78 
2.76 
2.95 
2.78 
2.68 
2.75 
2.86 
2.60 
2.48 
2.66 
2.60 
2.66 
3.00 
3.20 
3.10 
2.86 
2.90 

1 

Sept. 

Oct. 

1 

2.98 
3.08 
3.08 
2.98 
3.02 
3.97 
3.04 
2.98 
3.04 
2.99 
2.92 
2.89 
2.90 
2.89 
2.77 
2.47 
2.97 
2.84 
2.82 
2.77 
2.83 
2.T8 
2.51 
2.70 
2.75 
2.78 
2.83 
2.85 
2.80 
2.75 

2.84 
2.90 
2.93 
3.42 
2.61 
2.61 
2.15 
3.00 
3.10 
3.04 
3.01 
3.06 
3.10 
3.25 
3.19 
3.20 
3.12 
3.15 
3.36 
3.96 
4.88 
3.16 
2.97 
2.77 
2.73 
2.82 
2.78 
2.66 
2.83 
2.83 
2.78 

3.86 
2.12 
2.79 
2.19 
2.00 
2.06 
1.41 
1.68 
1.5li 
1.84 
3.62 
3.44 
2.88 
3.54 
8.88 
8.74 
3.79 
3.65 
3.53 
3.66 
8.94 
3.70 
3.50 
3.80 
3.43 
3.81 
2.17 
2.83 
1.20 
1.10 
...._... 

1.15 

3 

1.53 

3 

1.10 

4 

1.60 

5 

1.20 

6 

1.15 

7 

1.S8 

8      

1.87 

9 

2.79 

10 

1.45 

11 

2.15 

12 

1.12 

13 

1.70    ' 

14 

1.30    , 

15 

1-TB 

16 

3.40    ' 

'    17 

2.30 

18 

3.10    i 

19 

3.13 
2.88 
2.84 
2.94 
2.98 
2.90 
2.81 
2.94 
2.90 
2.90 
2.96 
2.96 
2.96 

2.74    , 

20 

2.27 

21 

2.75      r 

22 

1.7S 

33 

3.01    . 

34 

26 

1.86 
4.02 
3.78 
3.68 
8.43 

ass 

a82 
3.38 

28 

37 

38 

29    

30 

31 

REPUBLICAN  RIVER  AT  JUNCTION,    KANSAS. 

The  gaging  station  at  this  point,  established  by  Arthur  P.  Davii 
April  26,  1895,  is  located  at  the  wagon  bridge  at  the  north  end  ol 
Washington  street  just  above  the  mouth  of  the  river.  The  gage  con- 
sists of  two  oak  timbers  bolted  to  a  post  and  to  a  cotton  wood  tree. 
One  bench  mark  consists  of  a  60-penny  spike  driven  into  the  base  of 
the  abutment  of  the  bridge  at  an  elevation  of  10.67  feet  on  the  rod; 
the  second  bench  mark  is  the  top  of  a  stone  in  the  base  of  the  bridge 
abutment  18  feet  south  of  the  gage  and  at  an  elevation  of  14.51  feet 
above  gage  datum.  The  right  bank  is  high,  but  the  left  is  low  and 
may  overflow  in  high  water.  The  bed  of  the  stream  is  sandy  and  lia- 
ble to  change.  Results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  205;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  339;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  318.  The  following  discharge  measurements  were 
made  by  W.  G.  Russell  in  1899: 

April  19,  gage  height,  3.90  feet;  discharge,  737  second-feet. 
May  26,  gage  height,  4.20  feet;  discharge,  1,029  second-feet. 
June  7,  gage  height,  4.40  feet;  discharge,  1»224  second-feet. 
June  15,  gage  height,  8.80  feet;  discharge,  936  second-feet 
October  19,  gage  height,  2.65  feet;  discharge,  85  second-feet. 


NEBRASKA   AND    KANSAS. 
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Daily  gage  height,  in  feet,  of  Bepubliean  River  at  Junction,  Kansas,  for  1899, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

ao 

31 


Jan. 


8.40 
3.4b 
8.75 
4.00 
8.95 
8.95 
8.80 
8.65 
8.50 
8.65 
8.85 
8.90 
8.95 
8.90 
8.85 
3.70 
8.00 
8.40 
3.60 
3.70 
3.85 
8.85 
8.70 
8.65 
8.65 
8.70 
8.70 
8.75 
3.80 
8.85 
4.00 


Feb. 


4.15 
4.15 
4.20 
4.05 
3.75 
3.70 
8.60 
8.65 
8.60 
8.60 
3.60 
8.60 
8.55 
8.00 
3.65 
3.70 
4.05 
3.90 
8.90 
3.95 
4.00 
3.95 


4. 
4. 


05 
15 
8.90 
8.85 
4.05 
8.95 


4.65 
4.80 
4.90 
5.15 
4.90 
5.25 
5.20 
5.40 
5.35 
4.90 
4.00 
4.85 
4.50 
4.60 
4.10 
4.10 
4.20 
4.15 
4.10 
4.10 
4.20 
4.20 


Mar. 

Apr. 

4.00 

4.20 

4.15 

4.20 

4.85 

4.20 

4.60 

4.15 

4.80 

4.15 

4.85 

4.20 

485 

4.16 

4.80 

4.20 

4.70 

4.20 

4.20 
4.20 
4.15 
4.10 
4.00 
4.05 
4.00 
4.00 
4.00 
8.90 
3.96 
3.80 
3.80 
8.80 
3.80 
8.80 
8.75 
3.60 
3.70 
8.70 
8.75 


May. 

Jnne. 

July. 

3.65 

8.70 

6.90 

8.90 

4.25 

5.90 

4.25 

6.95 

5.20 

4.10 

10.00 

6.70 

3.85 

7.26 

6.05 

8.70 

5.20 

4.90 

3.65 

4.60 

6.00 

3.90 

6.10 

6.20 

5.45 

8.80 

5.90 

5.85 

7.26 

6.00 

4.10 

5.40 

6.00 

4.05 

4.40 

490 

3.80 

4.26 

4.40 

3.76 

4.00 

4.10 

8.60 

8.80 

4.15 

8.60 

8.66 

8.90 

3.60 

3.60 

8.70 

8.60 

3.60 

3.70 

8.40 

8.75 

3.86 

4.35 

8.60 

8.70 

6.00 

8.65 

8.60 

6.40 

8.35 

8.65 

6.15 

4.35 

8.50 

4.70 

4.30 

3.55 

4.55 

4.75 

8.30 

4.20 

4.15 

3.30 

8.20 

4.10 

8.20 

6.15 

4.10 

3.20 

4.55 

4.80 

3.20 

4.00 

6.70 

3.26 

3.95 

8.85 

Aug. 


4.10 
4.55 
5.45 
4.85 
4.70 
4.40 
4.25 
4.00 
8.80 
8.65 
8.55 
8.60 
4.60 
4.46 
4.20 
8.80 
4.05 
8.80 
3.60 
8.40 
3.40 
3.80 
8.a5 
3.40 
3.30 
3.00 
3.55 
3.10 
3.10 
3.26 
3.05 


Sept. 


3.10 
8.05 
3.00 
3.10 
2.86 
2.80 
2.85 
2.90 
90 
80 
70 
65 
65 
70 
60 
2.70 
2.70 
2.55 
2.60 
2.70 
2.70 
2.65 
2.66 
2.60 
2.70 
2.00 
2.66 
2.80 
2.90 
2.65 


Oct. 


2.65 
2.70 
2.75 
2.60 
2.60 
2.85 
3.25 
2.80 
2.76 
2.70 
2.55 
2.65 
2.70 
2.70 
2.05 
2.60 
2.60 
2.60 
2.65 
2  60 
2.00 
8.26 
8.10 
8.35 
4.20 
4.05 
4.85 
4.05 
3.66 
8.20 
2.20 


Nov. 


2.66 
2.86 
2.90 
2.95 
2.80 
2.60 
2.60 


2. 
2. 
2. 
2. 
2. 


70 
80 
80 
50 
60 
2.60 
2.40 
2.60 
2.40 
2.60 
2.80 
3.20 
2.80 
2.70 
2.60 
2.80 
2.90 
2.90 
2.70 
2.00 
2.70 
2.90 
2.90 


Dec. 


2.80 
2.90 
3.20 
8.60 
8.00 
3.80 
3.80 
3.20 
3.00 
3.20 
8.80 
3.60 
3.20 
3.60 
3.20 
8.80 
3.30 
3.20 
3.20 
10 
40 
3.60 
3.60 
3.60 
3.00 
3.40 
3.40 
3.60 
3.90 
8.80 
3.40 


8. 
8. 


SOLOMON  RIVER  AT  NILES,  KANSAS. 

This  river,  one  of  the  principal  tributaries  of  Smoky  Hill  River, 
rises  in  western  Kansas,  and  flows  in  a  general  easterly  direction, 
entering  the  Smoky  Hill  River  near  Solomon,  Kansas.  The  station 
at  Niles  was  established  May  5,  1897,  and  is  located  at  a  bridge  one- 
half  mile  west  of  the  town  and  7  miles  above  the  mouth  of  the  river. 
The  rod  of  the  wire  gage  is  spiked  to  the  floor  of  the  bridge.  The 
bench  mark  is  the  upper  of  three  nails  driven  into  a  cotton  wood  tree 
18  inches  in  diameter,  on  the  north  side  of  the  river  and  25  feet  east 
of  the  bridge,  at  an  elevation  of  24.96  feet  above  gage  datum.  The 
channel  is  straight  for  about  100  feet  above  and  below  the  section. 
The  ciirrent  is  sluggish;  the  right  bank  is  high,  and  the  left  bank 
overflows  only  at  very  high  stages.  The  bed  of  the  stream  is  muddy. 
The  discharge  measurements  may  be  found  as  follows :  1897,  Nineteenth 
Annual  Rejwrt,  Part  IV,  page  342;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  214.  The  following  discharge  measurements  were 
made  by  W.  G.  Russell  during  1899 : 

April  20,  gage  height,  4.90  feet;  discharge,  120  second-feet. 
May  27,  gage  height,  5.10  feet;  discharge,  129  second-feet. 
May  29,  gage  height,  11.65  feet;  discharge,  1,529  second-feet. 
June  16,  gage  height,  18.60  feet;  discharge,  2,270  second-feet. 
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Daily  gage  Jieighty  in  feet,  of  Solomon  River  at  Niles^  Kanaas^for  1899, 


Day. 


1- 
2- 
3. 
4. 
5. 
6. 

»r 
I   . 

8. 

9- 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18- 
19. 
20. 
21. 
22. 
23. 
24.. 
25. 
26. 
27.. 
28.. 
29.. 
30.. 
31. 


Jan. 


5.30  I 


5.20 
5.20 


5.10 
5.30 

■5.26" 

'5.20 


5.30 


5.20 


6.40 


6.10 
6.75 
6.60 
6.25 
6.65 
6.50 
6.70 
6.75 
6.65 
6.60 


Feb. 

Mar. 

Apr. 

May. 

5.70 

5.35 

6.20 

4.76 

6.65 

6.30 

6.26 

4.65 

6.65 

5.30 

5.30 

5.76 

6.66 

5.30 

6.25 

6.85 

6.70 

6.25 

5.25 

4.90 

6.65 

6.40 

5.25 

4.90 

6.66 

6.25 

6.26 

4.85 

6.65 

6.45 

6.86 

6.10 

6.65 

6.65 

6.20 

6.00 

6.60 

5.45 

6.26 

6.65 

6.66 

6.65 

6.20 

6.86 

5.45 

6.45 

6.30 

6.66 

6.46 

5.15 

6.16 

6.00 

6.46 

6.06 

6.10 

6.66 

6.60 

6.60 

6.00 

6.16 

6.56 

6.25 

6.16 

6.00 

6.40 

6.25 

6.06 

6.06 

6.45 

6.06 

4.96 

5.00 

6.85 

6,70 

6.00 

4.80 

6.46 

5.65 

6.05 

6.00 

6.40 

6.60 

4.85 

5.10 

5.45 

6.66 

4.85 

6.45 

5.35 

6.26 

4.90 

6.30 

6.25 

6.25 

4.06 

6.35 

6.40 

6.35 

4.80 

6.20 

6.35 

6.26 

4.90 

6.10 

6.45 

6.16 

4.86 

8.50 

6.30 

6.25 

4.80 

14.45 

6.30 

4.70 

11.95 

6.25 

4.80 

7.15 

6.05 

5.80 

June. 


5.30 

6.10 

6.85 

20.00 

23.60 

16.70 

8.30 

16.80 

21.60 

21.35 

16.60 

10.00 

8.75 

7.66 

9.80 

13.25 

10.10 

7.16 

6.65 

6.85 

6.15 

5.86 

7.15 

8.15 

12.45 

12.90 

11.85 

11.60 

14.60 

18.60 


July. 

Aug. 

Sept. 

18.75 

6.40 

6.10 

11.85 

10.75 

6.00 

8.90 

10.00 

6.10 

9.66 

8.25 

5.10 

8.90 

6.80 

4.06 

8.30 

6.20 

4.85 

9.70 

6.80 

6.05 

8.60 

6.65 

4.05 

7.46 

6.65 

4.90 

6.86 

6.30 

4.85 

6.76 

6.35 

4.85 

6.60 

5.30 

4.70 

7.26 

6.40 

4.60 

10.60 

6.25 

4.60 

7.65 

6.25 

4.60 

6.40 

6.35 

4.60 

6.16 

6.15 

4.60 

6.40 

6.56 

4.60 

6.80 

6.30 

4.45 

6.40 

6.30 

4.40 

6.40 

5.90 

4.45 

6.05 

6.60 

4.  TO 

5.86 

6.50 

4.56 

6.65 

5.20 

4.45 

6.65 

6.15 

4.45 

6.70 

5.20 

4.40 

6.40 

5.10 

4.66 

6.35 

6.10 

4.40 

6.40 

6.05 

4.30 

6.56 

4.85 

4.45 

6.26 

4.90 

Oct. 


4.40 
6.10 
4.70 
4.45 
4.30 
4.40 
4.46 
4.45 
4.30 
4.40 
4.60 
4.40 
4.20 
4.35 
4.86 
4.35 
4.16 
4.16 
4.16 
4.10 
4.80 
4.80 
4.80 

4.  a) 

4.65 
4.60 
10.25 
8.15 
6.15 
6.80 
5.00 


Not. 


5.00 
4.80 
4.70 
4.80 
4.90 
5.00 


4.30 
4.80 
4.60 
4.20 
4.80 
4.40 


40 
50 


6.00 


.90 
.40 
.80 
,50 
4.40 
4.90 
4.50 


4. 
4. 
4. 

4. 


50 
70 
50 
70 

ao 

80 
70 


Dec. 


4. 

4. 
4. 
4. 
4. 

4. 


40 
90 
.60 
40 
40 
90 
4.70 
4.00 
4.70 
4.70 
4.90 
4.70 
4.00 
4.80 
6.00 
5.10 
6.00 
4.90 
5.10 
5.00 
5.10 


00 
00 
70 
80 
90 
70 
00 
4.70 
4.60 
4.70 


SALINE   RIVER  AT  SALINA,   KANSAS. 

This  river  and  the  Solomon  are  the  two  principal  tributaries  of 
Smoky  Hill  River.     They  are  of  a  similar  tyi)e  to  the  other  tributa- 
ries of  Kansas  River,  as  they  are  sand-hill  streams.     Saline  River 
joins  Smoky  Hill  River  a  short  distance  below  Salina  and  9  miles,  by 
railroad,  above  the  mouth  of  Solomon  River,     The  station,  established 
May  4,  1897,  is  located  at  a  bridge  4.5  miles  northeast  of  Salina,  near 
the  mouth  of  the  river.     The  rod  of  the  wire  gage  is  spiked  to  the  floor 
of  the  bridge.     Bench  mark  No.  1  is  a  nail  in  an  elm  tree  2  feet  in 
diameter  on  the  north  side  of  the  river  and  6  feet  west  of  the  bridge. 
Its  elevation  is  22.90  feet  above  gage  datum.     Bench  mark  No.  2  is 
six  nails  driven  into  a  16-inch  box-elder  tree  on  the  north  side  of  the 
river  and  36  feet  east  of  the  bridge.     Its  elevation  is  22.90  feet  above 
gage  datum.     The  channel  is  straight  for  a  little  distance  above  and 
below  the  station.     Both  banks  are  high  and  not  liable  to  overflow. 
The  bed  of  the  stream  is  sand  and  mud.     The  results  of  measure- 
ments may  be  found  as  follows :  1897,  Ninteenth  Annual  Report,  Part 
IV,  page  346;  1898,  Twentieth  Annual  Report,  Part  IV,  page   310. 
The  following  discharge  measurements  for  1899  were  made  by  W.  G. 
Russell: 

April  21,  gage  height,  2.90  feet;  discharge,  26  second- feet. 
May  37,  gage  height,  4.^  feet;  discharge,  90  second-feet. 
May  29,  gage  height,  12.65  feet;  discharge,  1,007  second-feet 
May  80,  gage  height,  9.80  feet;  discharge,  624  second-feet. 
Jnne  16,  gage  height,  8.60  feet;  discharge,  560  second-feet. 


KANSAS. 
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Dailg  gage  height,  in  feet,  of  Saline  River  at  Salina,  Kansas,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

4.65 

4.00 

9.95 

23.96 

21.30 

17.50 

10.60 

11.40 

21.70 

27.15 

23.60 

21.20 

16.10 

8.40 

7.26 

8.85 

13.46 

9.95 

7.25 

6.80 

6.35 

6.10 

6.40 

7.50 

12.85 

15.30 

17.70 

19.65 

20.05 

14.25 

July. 

Ang. 

Sept. 

Cfet. 

Nov. 

Dec 

1 

8.35 
8.35 
8.36 
3.25 
3.25 
8.20 
3.46 
3.40 
3.35 
3.35 
3  30 
3.35 
3.10 
3.30 
3.25 
3.15 
3.15 
2.95 
3.00 
3.00 
2.80 
8.00 
3.10 
3.10 
3.05 
3.10 
8.05 
2.90 
2.85 
2.96 

2.90 
2.90 
8.70 
3.70 
2.95 
2.90 
3.10 
3.05 
3.00 
2.80 
2.70 
2.60 
2.70 
8.00 
2.95 
2.85 
2.90 
2.85 
2.75 
2.85 
2.75 
4.35 
11.35 
9.40 
6.70 
4.75 
4.20 
6.85 
12.60 
8.16 
6.20 

8.96 
7.85 
6.95 
6.50 
6.26 
6.05 
6.66 
7.20 
7.05 
6.16 
7.65 
10.05 
8.60 
6.46 
6.15 
6.00 
6.20 
6.60 
5.80 
5.16 
4.95 
4.86 
4.65 
4.60 
4.55 
4.46 
4.35 
4.36 
4.30 
4.35 
4.35 

4.25 
4.35 
4.65 
4.50 
4.35 
4.25 
4.00 
3.90 
8.85 
8.80 
3.80 
8.80 
4.15 
4.10 
8.95 
8.80 
3.75 
4.06 
4.05 
8.85 
8.70 
3.65 
3.55 
3.00 
3.55 
3.60 
8.55 
3.60 
3.80 
8.25 
3.25 

3.55 
8.90 
a  76 
3.60 
3.60 
3.85 
3.30 
3.30 
3.35 
3.35 
3.25 
8.20 
3.30 
8.25 
8.30 
3.40 
3.56 
3.55 
8.86 
8.35 
3.35 
3.25 
3.25 
3.35 
3.20 
8.15 
8.25 
3.26 
3.30 
8.25 

3.20 
3.05 
3.10 
3.80 
8.25 
3.10 
3.05 
8.16 
8.00 
3.00 
3.00 
3.20 
8.10 
3.06 
3.05 
8.15 
3.05 
3.00 
8.10 
8.05 
3.10 
3.20 
3.10 
3.06 
3.46 
4.00 
3.65 
3.35 
7.80 
6.60 
5.50 

4.80 
4.90 
4.10 
3.90 
3.70 
3.70 
3.60 
3.60 
3.60 
8.50 
8.50 
8.40 
8.60 
8.60 
3.60 
3.50 
3.60 
3.60 
3.60 
3.60 
8.00 
8.60 
8.60 
8.70 
8.60 
3.60 
8.70 
8.50 
8.60 
8.80 

3.60 
3.40 
3.60 
8.60 
8.80 
3.00 
3.60 
3.60 
3.60 
3.60 
3.80 
3.60 
3.00 
3.70 
3.80 
3.60 
8.90 
3.90 
8.60 
3.70 

2 

3 

8.90 

3.30 

3.60 

1     4 

5 

8.80 

3.20 

"ios 

3.95 
4.00 
3.75 
3.60 
8.80 
3.75 
3.65 
4.10 
8.70 
8.70 
3.95 
3.75 
8.65 
8.65 
8.35 
8.36 
8.45 
8.15 
3.25 
3.30 
3.30 
8.36 
3.10 
8.16 
8.20 
8.60 

6 

....... 

7 

8 

3.40 

8.20 

9 

10 

3.60 

3.20 
3.30 
3.30 

11 

12 

3.70 

13 

14 

16 

3.80 

3.10 

16 

17 

18 

"Teo" 

3.20 
"8.16" 

19 

20 

3.50 

21 

22    .... 

8.70 

3.30 

3.00    1 
3.70 

23 

24 

3.20 

3.40 

8.60 
3.40 
3.60 
3.80 
3.60 

25 

3.40 

26 

27 

8.30 

28 

20 

8.30 

8.90 

3.00 
8.60 

ao 

3.60 

31 

8.30 

3.50 

SMOKY    HILL  RIVER  AT  BLLSWORTH,  KANSAS. 

lliis  river  rises  in  eastern  Colorado,  and  flows  easterly,  joining 
the  Republican  River  at  Junction  to  form  the  Kansas  River.  The 
gaging  station,  established  April  17,  1895,  is  located  at  the  highway 
bridge  on  Douglass  avenue,  Ellsworth,  Kansas.  The  gage  is  an 
inclined  ash  timber  spiked  to  a  post  driven  in  the  bed  of  the  river 
and  bolted  to  an  iron  post  on  the  bridge  pier.  The  bench  mark  is  a 
nail  driven  in  the  base  of  a  large  box-elder  tree  near  the  southeast 
corner  of  the  bridge,  90  feet  from  the  gage,  and  its  elevation  is  13.07 
feet  above  the  zero  of  the  gage.  A  slope  gage  is  spiked  to  the  Saint 
Louis  and  San  Francisco  Railroad  bridge  2,536  feet  upstream,  and  is 
referred  to  the  same  datum.  The  channel  is  nearly  straight  above 
and  below  the  gage,  and  the  bed  is  sandy  and  shifting.  The  results  of 
measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  214;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  347;  1898,  Twentieth  Annual  Report,  Part  IV,  page  315.  Meas- 
urements for  1899  were  made  by  W.  G.  Russell,  as  follows: 

March  20,  gage  height,  1.25  feet;  discharge,  35  second-feet. 
June  6,  gage  height,  2.07  feet;  discharge,  184  second-feet. 
June  26,  gage  height,  1.95  feet;  discharge,  189  second-feet. 
Jnly  7,  gage  height,  4.75  feet;  discharge,  1,675  second-feet. 
July  8,  gage  height,  13  feet;  discharge,  10,986  second-feet. 
July  8,  gage  height,  10.95  feet;  discharge,  7,848  second-feet. 
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DaUy  gage  height ,  in  feet,  of  Smoky  HiU  River  at  Ellsicorth,  Kansas^  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec-i 

J 

1 

1.20 
1.40 
1.50 

1.17 
1.17 
1.10 

0.98 
.95 
.90 

0.88 

.90 

5.00 

1.68 
1.88 
2.83 

2.26 
S.05 

1.40 
1.83 
1.88 

1.18 
1.10 
1.80 

1.30 

i.ao 

1.25 

I.ao  ! 

2 

1.20    ' 

3 

1.40 

1.15    ' 

4 

1.30 

1.45 

1.13 

.93 

3.25 

2.33 

1.98 

1.83 

1. 10 

1.25 

1.15    1 

6 

1.40 

1.30 

1.17 

.95 

1.98 

2.00 

1.95 

1.30 

1.10 

1.25 

1.15    , 

6 

1.20 
1.30 

1.23 
1.20 

.98 
.98 

3.20 
4.10 

1.83 
8.80 

1.88 
1.80 

1.28 
1.20 

1.30 
1.50 

1.20 
1.20 

1.10 

7 

1.50 

i.30 

1.10    i 

8 

1.20 

1.17 

1.00 

3.00 

11.86 

1.73 

1.28 

1.50 

1.25 

1.15    ' 

9 

1.38 

1.15 

.95 

7.70 

6.00 

1.73 

1.38 

1.90 

1.25 

1.15    i 

10 

1.50 

1.35 

1.17 

.98 

6.70 

5.10 

1.73 

1.50 

1.80 

1.25 

1-30    1 

11 

1.30 

1.80 

1.17 

.98 

3.45 

4.58 

1.68 

1.38 

1.80 

1.25 

1.20 

12 

1.50 

1.35 

1.17 

.98 

2.80 

3.80 

1.60 

1.36 

1.10 

1.30 

1.15 

13 

1.40 

1.65 

1.40 

1.23 

1.00 

2.20 

3.33 

1.05 

1.50 

1.10 

1.20 

1.15 

14 

1.05 

1.43 

1.17 

>   .95 

2.00 

2.86 

1.78 

1.60 

1.60 

1.20 

1.20 

15 

1.20 

1.60 

1.45 

1.20 

.98 

1.90 

2.70 

1.68 

1.48 

1.60 

1.15 

1. 20 

16 

1.30 

1.35 

1.17 

.96 

1.75 

2.60 

1.63 

1.45 

1. 10 

1.15 

1.20 

17-  .. 

1.10 

1.60 

1.38 

1.10 

.90 

1.00 

2.70 

1.60 

1.48 

1.10 

1.15 

1.25 

18 

1.30 

1.80 

1.08 

.96 

l.dO 

2.40 

1.55 

1.40 

1.50 

1.10 

(a) 

19 

1.40 

1.50 

1.28 

1.08 

.90 

1.63 

2.28 

1.60 

1.33 

1.60 

1.15 

1.25 

20...- 

1.25 

1.60 

1.28 

1.08 

1.00 

1.50 

2.23 

1.43 

1.80 

1.06 

1.15 

W 

21 

1.35 

1.65 

1.23 

1.08 

.96 

1.46 

2.18 

1.40 

1.28 

1.06 

120 

(a) 

22 

1.35 

1.45 

1.23 

1.08 

.98 

1.40 

2.23 

1.40 

1.23 

1.25 

1.25 

1.20 

23 

1.35 

1.45 

1.13 

1.05 

.05 

3.16 

2.23 

1.33 

1.28 

1.25 

1.20 

1.20 

24 

1.20 

1.40 

1.17 

1.03 

1.08 

2.85 

2.20 

1.80 

1.20 

1.30 

1.20 

1.20 

25 

1.15 

1.40 

1.15 

1.08 

1.10 

2.25 

2.L3 

1.35 

1.20 

1.40 

1.25 

1.15 

28 

1.30 

1.40 

1.17 

1.03 

1.18 

2.15 

2.10 

8.86 

1.15 

1.75 

1.25 

1.20 

27 

1.20 

1.40 

1.15 

i.to 

1.08 

1.90 

2.05 

2.76 

1.15 

1.68 

i.ao 

1.20 

28 

1.30 

1.45 

1.15 

1.00 

.98 

2.00 

2.35 

2.35 

1.18 

1.50 

1.20 

(a) 

29 

1.30 

1.10 

1.00 

.90 

1.05 

2.90 

1.66 

1.10 

1.45 

i.ao 

1.20 

30 

1.30 

1.20 

.98 

.98 

1.80 

2.45 

1.50 

1.10 

1.45 

1.20 

1.25 

31 

1.17 

.88 

2.30 

1.43 

1.36 

1.20 

a  Frozen. 


BLUE   RIVER  AT  MANHATTAN,  KANSAS. 

This  stream  is  one  of  the  principal  tributaries  of  Kansas  River,  and 
drains  a  part  of  southeastern  Nebraska  and  northeastern  Kansas.     It 
enters  Kansas  River  at  Manhattan.     Its  tributaries  extend  almost  to 
the  Platte  River.     The  drainage  basin  receives  a  copious  rainfall,  and 
therefore  the  run-off  is  considerably  larger  than  from  the  more  west- 
ern tributaries  of  Kansas  River.    The  gaging  station,  established  April 
12,  1895,  is  at  the  county  bridge  4  miles  north  of  Manhattan.     The 
gage  rod  consists  of  three  sections,  the  lower  being  an  ash  stick  driven 
into  the  bottom  of  the  river  and  bolted  to  an  overhanging  cottonwood 
tree  30  feet  east  of  the  bridge.     The  other  two  sections  of  the  rod  are 
bolted  to  the  south  bridge  pier.     The  bench  mark  is  a  cross  cut  in  the 
capstone  of  the  south  bridge  pier  immediately  above  the  upper  gage, 
and  is  32.135  feet  above  gage  datum.     The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  218;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  348;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  319.     The  following  dis- 
charge measurements  were  made  by  W.  G.  Russell  during  1899: 

April  20,  gage  height,  4.^  feet;  discharge,  767  second-feet. 
May  23,  gage  height,  13.70  feet;  discharge,  8,952  seoond-feet. 
Jnne  8,  gage  height,  16.60  feet;  discharge,  20,237  second-feet. 
June  9,  gage  height,  18.30  feet;  discharge,  19,529  second-feet. 
Jnne  10,  gage  height,  15.60  feet;  discharge,  13,616  second-feet 
October  18,  gage  height,  3.70  feet;  discharge,  366  second- feet. 
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Daily  gage  height ,  in  feet,  of  Blue  River  at  Manhattan,  Kansas,  for  1899. 


Day. 


1... 
2... 
3... 
4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
U... 
16... 
16... 
17... 
18.,. 
19... 
20... 
21... 
22... 
23... 
24,.. 
25... 
26... 
27... 
28... 
29... 

ao... 

31... 


'  Jan. 

Feb. 

4.60 

4.80 

4.40 

4.70 

4.40 

4.00 

4.40 

4.70 

4.40 

4.86 

4.6U 

4.90 

4.45 

4.80 

4.45 

4.75 

4.46 

4.70 

4.45 

4.80 

4.60 

4.85 

4.75 

4.90 

4.76 

4.80 

4.65 

4.80 

4.56 

4.90 

4.50 

4.60 

4.50 

4.65 

4.50 

4.60 

4.40 

4.65 

4.40 

4.75 

4.46 

4.70 

4.50 

4.76 

4.50 

4.90 

4.50 

6.25 

4.40 

6.20 

4.40 

5.20 

4.50 

6.10 

4.60 

4.95 

4.80 

4.86 

4.90 

Mar. 


4.65 
4.66 
4.95 
6.76 
6.80 
6.70 
5.60 
6.U0 
6.05 
6.10 
7.40 
7.86 
6.40 
6.00 
9.00 
12.20 
9.96 
8.35 
7.25 
6.60 
6.25 
6.15 
6.90 
6.56 
6.40 
6.25 
6.25 
6.20 
6.05 
6.05 
6.00 


Apr. 


4.96 
4.86 
4.76 
4.86 
4.90 
6.16 
6.46 
6.65 
6.66 
6.46 
6.80 
6.16 
6.00 
6.00 
4.95 
4.86 
4.76 
4.76 
4.70 
4.68 
4.63 
4.48 
4.50 
4.50 
4.50 
4.43 
4.45 
6.63 
6.70 
6.20 


May. 

June. 

July. 

Aug. 

4.88 

6.70 

6.86 

7.05 

5.46 

6.95 

6.25 

5.90 

5.85 

12.85 

6.85 

5.25 

6.05 

23.00 

6.36 

4.90 

6.90 

12.66 

6.85 

5.16 

6.10 

8.40 

8.a5 

0.75 

4.76 

7.60 

10.65 

6.00 

5.10 

13.95 

14.25 

5.20 

6.95 

18.25 

12.90 

6.00 

10.55 

15.80 

10.60 

4.70 

10.26 

11.25 

9.00 

4.70 

6.40 

8.75 

S.35 

4.65 

6.80 

8.05 

7.40 

7.00 

6.40 

7.20 

7.25 

11.46 

5.00 

6.83 

6.55 

9.25 

5.00 

6.50 

6.60 

9.20 

6.05 

6.60 

6.60 

8.16 

4.80 

6.75 

6.10 

7.00 

4.30 

6.90 

5.76 

6.10 

13.10 

6.96 

6.60 

5.60 

21.56 

6.70 

6.50 

5.30 

22.85 

6.56 

5.25 

4.90 

18.60 

6.25 

6.16 

4.80 

9.40 

6.15 

6.10 

4.80 

8.30 

6.85 

4.95 

4.50 

9.10 

6.40 

4.90 

4.20 

9.65 

6.30 

4.85 

3.50 

7.25 

7.86 

5.05 

4.60 

6.45 

6.46 

6.90 

4.46 

6.00 

6.46 

12.00 

4.36 

6.10 

■ • •" •  - 

8.25 

4.40 

Sept. 


4.20 
4.16 
4.30 
4.25 
4.15 
4.00 
4.05 
4.06 
4.20 
4.30 
4.10 
4.06 
3.90 
3.95 
3.95 
4.00 
4.00 
3.75 
3.75 
3.90 
3.96 
3.90 
3.90 
8.90 
3.90 
3.80 
3.90 
3.80 
3.80 
3.80 


Oct. 


Nov. 


3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.85 
3.80 
3.75 
3.86 
3.80 
8.80 
3.80 
8.80 
3.96 
3.80 
8.80 
3.80 
8.80 
3.76 
3.95 
3.45 
3.80 
3.90 
7.05 
6.80 
6.66 
4.95 
4.70 
4.40 


4.25 
4.25 
4.16 
4.06 
4.00 
4.00 
4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.05 
4.06 
3.95 
4.05 
4.20 
4.20 
4.20 
4.15 
4.00 
4.00 
3.95 
3.90 
4.05 
4.10 
4.05 
4.05 
4.05 
4.05 


Dec. 


4.00 
8.95 
4.05 
4.10 
3.96 
4.00 
3.96 
3.90 
4.00 
4.16 
4.20 
4.30 
3.95 
3.75 
4.56 
4.30 
4.45 
4.20 
4.10 
3.90 
4.10 
4.10 
4.16 
4.05 
4.15 
3.96 
3.90 
3.86 
8.70 
8.70 
4.05 


KANSAS  RIVER  AT  LECOMPTON,  KANSAS. 

This  river,  formed  by  the  junction  of  Republican  and  Smoky  Hill 
rivers  at  Junction,  Kansas,  flows  in  a  general  easterly  direction  into 
Missouri  River  at  Kansas  City.  The  gaging  station  at  Lecompton 
was  established  April  16,  1899,  and  is  located  at  the  new  carriage 
bridge  recently  built  across  the  river. 

The  following  discharge  measurements  were  made  by  E.  C.  Murphy 
and  W.  G.  Russell  during  1899: 

Measuretfients  of  Kansas  River  at  Lecompton,  Kansas, 


Date. 


1809. 

Apr.  7 

Apr.  16 

Apr.  21 

Apr.  29 

May  11 

May  25 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec-feet. 
2,935 

3.40 

3.35 

2,747 

3.16 

2,251 

6.90 

8,744 

6.35 

10,850 

11.20 

34,213 

Date. 


1899. 

June  5 

Jnne  12 

Jnnel6 

July  17 

July  28 

Oct  10 


Gage 

Dis- 

height. 

charge. 

Feet, 

Sec- feet. 

9.90 

21,762 

6.60 

11,649 

3.52 

4.826 

6.30 

10,500 

8.96 

3,349 

2.00 

1,889 
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Daily  gage  height, 

,  in  feet  ^  of  KaTUfos  River  at  Lecompton 

,  Kansas^  for . 

• 

1899. 

Day. 

Apr. 

May. 

Jnne. 

July. 

Ang. 

5.56 
4.45 
4.15 
8.05 
8.85 
4.85 
4.60 
4.40 
4.30 
8.00 
3.60 
8.60 
8.50 
4.00 
5.40 
5.60 
5.10 
4.75 
4.40 
4.15 
3.80 
8.65 
8.45 

Sept. 

Oct. 

1 
Nov.  1 

1 

Dec 

1 

8.40 
8.86 
8.20 
8.20 
8.20 
3.30 
8.40 
8.40 
3.40 
8.65 
6.80 
6.15 
5.26 
4.45 
8.05 
8.65 
8.60 
8.86 
8.80 
8.86 
8.00 

ffi 

7.60 
6.15 
5.65 
5.10 
6.00 
6.45 
6.10 
4.75 

4.60 
4.15 
4.00 
7.10 
0.60 
8.00 
7.00 
7.25 
0.26 
10.00 
0.00 
7.80 
7.80 
6.00 
6.66 
6.55 
6.10 
6.80 
5.00 
4.06 
4.85 
4.66 
4.6U 
4.60 
4.80 
4.00 
5.06 
6.86 
6.56 
6.70 

5.45 
6.26 
6.20 
6.00 
6.00 
5.75 
0.06 
11.00 
8.86 
8.6U 
7.80 
6.70 
6.20 
5.00 
6.4D 
6.60 
6.26 
5.86 
5.80 
4.80 
4.45 
4.26 
4.06 
8.&5 
3.70 
8.60 
3.60 
8.60 
8.45 
6.15 
6.80 

2.60 
2.60 
3.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.80 
2.30 
2.80 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.  A) 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.06 
1      2.45 
2.75 
8.00 
8.00 

2.00  ' 
2.80 
2.70 
2.60 
2.60 
2.60 
2.40  , 
2.40 
3.40  1 
2.30  ; 
2.30 
2.30  j 
2.30 
2.80 
2.80 
2.30 
2.30  ' 
3.30  j 
3.30  - 
3.30  1 
3.20  1 
3.20  , 
2.30  1 
3.30  1 
3.80  1 
3.30 
2.30  1 
3.10  , 
3.10 
3.10  1 

1 
2.10 

2 

2.10 

3 

3.10    1 

1      4 

8.10 

s::::;:;:::::::::.... 

2.10 

6 

2.06 

7 

3.00    I 

8 

2.00 

1      0 

2.00 

10.::.::::::::.;.:.:. 

3.00 

1  11 

3.15    . 

'    12 

3.35 

18 

3.45    ' 

14 

3.66    1 

15 

3.90 

16 

8.60 
8.40 
8.80 
8.20 
4.70 
8.40 
8.40 
3.40 
3.40 
3.80 
3.30 
8.20 
8.20 
8.20 
8.20 

3.00    j 

17 

3.00 

18 

2.90 

10 

20 

2.90 
2.80 

21 

3.T0    1 

22 

3.65 

28 

3.00 

24 

8.26        2.10 
8.06        2.10 
2.00  :      2.10 

3.60 

26 

3.60 

26 

3.50 

27 

2.00 
2.00 
280 
2.80 
2.70 

2.00 
2.00 
2.00 
2.00 

3.50    ' 

28 

3.45    , 

80 

3.40    ' 

30 

3.40    1 

31 

3.40    1 

^ 

a  Water  over  gage. 
KANSAS  RIVER  AT  LAWRENCE,  KANSAS. 

The  station  at  this  point,  11  miles  below  the  I^iecompton  station,  was 
established  in  July,  1895,  and  is  located  at  the  wagon  bridge  at  Law- 
rence, Kansas.  The  gage  was  fastened  to  the  south  pier  of  the  bridge, 
about  50  feet  up  the  river  from  the  crest  of  the  dam.  Owing  to  the 
impossibility  of  accurately  rating  this  station,  no  measurements  of  dis- 
charge were  made  here  during  1899,  but  gage  readings  were  main- 
tained until  November  4,  when  the  station  was  discontinued.  The 
Lecompton  station  was  established  to  take  the  place  of  this  one.  The 
results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  220;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  350;  1898,  Twentieth  Annual  Report,  Part  IV,  page  322. 
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Daily  gage  height,  infest,  of  Kansas  River  at  Lawrence,  Kanscu,  for  1899 

[Si^rn  —  indicates  that  water  is  below  zero  of  gage.] 


Day. 

Jan. 

Feb. 

Mar. 

.80 
1.10 

.90 
1.05 
2.00 
1.80 

.70 

.90 
1.05 
1.30 
1.80 
2.80 
2.90 
2.80 
2.60 
8.70 
8.60 
8.50 
2.80 
2.10 
1.80 
1.80 
1  5;> 
1.60 
1.40 
1.40 
1.40 
1.85 
1.20 
1.20 
1.20 

Apr. 

1.20 
1.20 
1.20 
1.20 
1.25 
1.85 
1.60 
1.60 
1.80 
1.76 
1.00 
1.45 
1.40 
1.25 
1.10 
1.00 
1.00 
.90 
.80 
2.70 
1.85 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.40 

May. 

Jane. 

July. 

2.85 
2.70 
2.05 
2.80 
2.66 
2.65 
4.60 
6.65 
4.80 
4.60 
8.56 
8.00 
2.65 
2.65 
2.76 
8.00 
8.00 
2.70 
2.25 
1.05 
1.80 
1.60 
1.60 
1.60 
1.40 
1.40 
1.25 
1.15 
1.10 
1.80 
2.86 

Aug. 

Sept. 

Oct. 

Nov. 

1 

2 

0.50 
.60 
.60 
.80 
.90 
.70 
.65 
.80 
.60 
.50 
.45 
.60 
.60 
.50 
.50 
.45 
.40 
.40 
.40 
.55 
.75 
.80 
.75 
.75 
.70 
.80 
.65 
.35 
.60 
.40 
.60 

-1.75 

-  .50 
.00 
.10 
.00 
.40 

-  .70 

-  .60 
.00 

-  .60 

-  .80 

-  .20 

-  .60 
-1.20 
-1.20 
-1.40 

-  .15 
.00 
.60 
.60 
.55 
.86 
.00 
.20 
.00 
.50 
.70 

.80 

_ 

1.20 
1.00 
1.00 
.85 
.85 
.90 
1.20 
1.10 
1.00 
1.20 
2.90 
2.80 
2.60 
1.80 
1.4o 
1.20 
1.00 
1.00 
1.00 
1.00 
8.40 
6.65 
6.80 
4.80 
8.10 
2.60 
2.10 
2.70 
8.10 
2.60 
1.00 

2.00 
1.90 
2.10 
2.70 
6.60 
6.60 
8.76 
8.60 
4.60 
6.20 
6.80 
6.40 
4.10 
8.80 
8.60 
8.10 
2.80 
2.15 
2.00 
2.00 
1.96 
1.85 
1.70 
1.90 
2.00 
2.00 
2.10 
2.40 
2.40 
2.40 

2.86 

1.05 

1.65 

1.55 

1.40 

1.60 

1.80 

1.90 

1.60 

1.40 

1.80 

1.25 

1.10 

1.35 

1.90 

2.65 

2.25 

2.05 

1.70 

1.60 

1.85 

1.16 

1.00 

1.00 

.86 

.85 

.80 

.80 

.80 

.75 

.66 

0.60 
.60 
.00 
.60 
.60 
.65 
.60 
.60 
.50 
.50 
.60 
.60 
.60 
.40 
.40 
.% 
.40 
.40 
.85 
.80 
.80 

.ar» 

.80 
.30 
.80 
.20 
.10 
.05 
.00 
.00 

0.10 

.15 

.20 

.20 

.20 

.20 

.20 

.20 

.10 

.00 

.00 

.00 

-.10 

-.20 

—.20 

-.80 

-.20 

-.20 

-.20 

-.20 

-.20 

-.80 

-.80 

-.80 

-.86 

-.86 

-.80 

-.86 

+.80 

.85 

.86 

0.80 
.75 
.76 
.66 

3 

4 

5 

6 

7 

8 

9 

10 

'    11 

.    12 

13 

14 

,    15 

'    16 

1    17 

18 

i    19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31  

Station  dlflcontinued  October  81. 
ARKANSAS   RIVER. 

The  source  of  this  river  is  in  the  vicinity  of  Tennessee  Pass,  in  the 
central  portion  of  Colorado.  It  flows  southerly  for  about  70  miles, 
then  easterly  for  50  miles  to  Canyon,  receiving  a  number  of  tributa- 
ries from  the  mountainous  area  on  either  side,  which  tends  to  increase 
the  discharge  of  the  river.  At  Canyon  it  suddenly  emerges  from  the 
Rocky  Mountain  front  and  thence  flows  in  an  easterly  direction,  trav- 
ersing the  Great  Plains  of  eastern  Colorado,  in  which  section  most  of 
the  water  is  diverted  for  irrigation.  After  crossing  the  Kansas  line 
it  continues  eastward  for  about  200  miles  until  the  center  of  the  St'ate 
is  reached,  when  it  suddenly  bends  to  the  southward  and  passes  into 
Indian  Territory,  and  from  thence  into  the  State  of  Arkansas,  finally 
entering  the  Mississippi  River  about  25  miles  above  Greenville,  Mis- 
sissippi. Throughout  the  mountainous  area  above  Canyon  the  dis- 
charge increases,  but  as  soon  as  the  river  emerges  onto  the  Great  Plains 
the  water  is  gradually  diverted  by  means  of  canals,  so  that  by  the 
time  the  Kansas  line  is  reached  the  river  is  usually  dry  during  the 
summer  stages.  In  its  mountainous  course  the  river  makes  a  descent 
from  10,000  feet  at  Leadville  to  5,300  feet  at  Canyon,  a  distance  of 
120  miles. 

During  the  last  year  two  notable  examples  of  engineering  construc- 
tion have  been  practically  completed  in  this  basin.  The  first  one  is 
the  Twin  Lakes  reservoir,  in  which  a  dam  30  feet  in  height,  of  solid 
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masonry,  has  been  completed  in  a  cut  below  the  outlet  of  the  lower 
lake  of  Twin  Lakes,  which  is  one  source  of  supply  of  the  Arkansas. 
This  is  designed  to  store  water  for  a  canal  130  miles  below,  which 
lieads  a  few  miles  below  Pueblo.  The  ditch  has  been  cleaned  out 
during  the  last  season,  and  it  is  stated  that  $2,000,000  are  being  spent 
on  a  sugar-beet  factory  receiving  water  from  it. 

Twelve  miles  north  of  Lamar,  Colorado,  are  a  series  of  depressions 
in  the  plains,  separated  by  ridges.  Five  of  these  have  been  connected 
by  ditches,  making  the  continuous  reservoir  system  of  The  Great 
Plains  Water  Company.  Their  total  available  capacit}^  is  194,56:2 
acre-feet.  It  is  the  intention  to  fill  them  from  the  Arkansas  River 
during  the  winter  and  high-water  seasons  by  means  of  a  supply  ditch, 
which  is  now  completed.  This  ditch  is  about  90  miles  long  and  heads 
immediately  al)ove  La  Junta.  Its  capacity  at  the  head  is  2,000  second- 
feet.  A  number  of  gaging  stations  have  been  maintained  in  this 
drainage  basin,  and  they  are  described  in  order  down  stream : 

LAKE   CREEK  AT  TWIN  LAKES,    COLORADO. 

This  creek  enters  the  Arkansas  a  short  distance  above  Granite,  Col- 
orado.    The  station  was  established  June  21,  1899,  by  Mr.  O.   O. 
McReynolds,  chief  engineer  of  the  Colorado  Land  and  Water  Com- 
pany, which  has  been  at  work  on  the  reservoir  of  Twin  Lakes  during 
the  last  year.     It  was  at  first  contemplated  that  measurements  should 
be  made  showing  the  discharge  into  the  upper  lake,  between  the  two 
lakes,  and  below  the  lower  lake,  but  owing  to  dif&culties  encountered 
only  a  few  measurements  were  made  at  the  two  upper  points.     On 
July  17  the  discharge  entering  the  upjier  lake,  at  a  gage  height  of  2.80 
feet,  was  found  to  be  273  second -feet;  on  October  12,  at  the  same 
point,  with  a  gage  height  of  1.9  feet,  the  discharge  was  27  second-feet. 
Three  measurements  of  discharge  were  made  at  a  point  between  the 
two  lakes:  June  21,  at  a  gage  height  of  3.60  feet,  the  discharge  was 
found  to  be  1,007  second-feet;  July  17,  at  a  gage  height  of  1.90  feet, 
the  discharge  was  374  second-feet;  October  12,  gage  height,  1.4  feet; 
discharge,  42  second-feet.     A  number  of  discharge  measurements  at 
the  lower  station  were  made,  sufficient  for  the  construction  of  a  rating 
table  covering  the  period  from  June  21  to  July  20,  but  after  that  date 
the  surface  of  the  lakes  was  raised  and  lowered  periodically  through 
the  operations  of  a  placer  company  which  had  constructed  a  dam 
below  the  lower  lake.     The  following  measurements  of  discharge  wer%* 
made  by  A.  L.  Fellows  and  O.  O.  McReynolds  during  1899: 

June  21,  gage  height,  3.80  feet;  discharge,  1,208  second-feet. 
June  27,  gage  height,  3.20  feet;  discharge,  696  second-feet 
July  17,  gage  height,  2.55  feet;  discharge,  391  second-feet. 
July  24,  gage  height,  2.50  feet;  discharge,  344  second-feet 
August  14,  gage  height,  2.50  feet;  discharge,  183  second-feet. 
October  13,  gage  height ;  discharge,  22  second-feet 
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2>itly  gage  height,  in  feet,  of  Lake  Creek  at  Twin  Lakes,  Colorado,  for  1899, 


Day. 

June. 

Jnly. 

Aug. 

8«pt. 

Day. 

June. 

Jnly. 

Auff. 

Sept. 

Day. 

June. 

Jnly. 

Ang. 

Sept. 

1.. 

2.. 

3. 

4.. 

5.. 

6.. 

7- 

8.. 

9.. 
10.. 
11.. 

3.10 
8,15 
3.10 
3.06 
2.95 
2.95 
2.90 
2.85 

2.72 
2.72 
2.78 
2.88 
2.96 
2.98 
2.90 
2.88 

2.16 
2.10 
2.10 
2.10 
2.05 
2.06 
2.06 
2.05 
.     2.00 
2.00 
2.00 

12... 

2.05 
2.76 
2. 06 
2.66 
2.60 
2.60 
2.60 
2.60 
2.50 
2.55 
2.66 

2.00 
2.65 
2.60 
2.48 
2.45 
2.45 
2.45 
2.40 
2.40 
2.40 
2.86 

28... 
24... 
26... 
20  .. 
27-. - 
28... 
29... 
80... 
31... 

3.05 
3.60 
3.40 
8.30 
3.20 
3.10 
3.10 
3.10 

2.60 
2.62 
2.60 
2.46 
2.48 
266 
2.05 
2.70 
2.70 

2.80 
2.30 
2.25 
2.25 
2.22 
2.20 
2.15 
2.15 
2.15 



13... 

14... 

16... 

10... 

17... 
18... 
19... 

2.80     2.85 

20... 

2.75 
2.70 

2.76 
2.05 

21... 
22... 

8.80 
3.70 

ARKANSAS  RIVER  AT  GRANITE,  COLORADO. 

This  station  is  located  at  the  wagon  bridge,  250  feet  from  the  rail- 
road station  at  Granite,  Colorado.  The  gage  is  a  vertical  2  by  6  inch 
plank  spiked  to  the  upper  end  of  the  center  pier  of  the  bridge.  The 
banks  are  low  and  liable  to  overflow;  the  bed  is  rocky,  and  the  cur- 
rent swift.  It  will  be  impossible  to  construct  a  rating  table  for  this 
station  from  the  measurements  obtained  in  1899.  The  results  of 
measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  354;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  330.  The  following  discharge  measurements  wer<j  made  by  A.  L, 
Fellows  during  1899 : 

May  25,  g^ge  height,  5  feet;  discharge,  1,476  second-feet. 
July  15,  gage  height,  2.80  feet;  discharge,  1,178  second-feet. 
October  14,  gage  height,  1.60  feet;  discharge,  180  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  River  at  Granite,  Colorado,  for  1899, 


Day. 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Ang. 

Sept. 

1 y. 

3.15 
8.25 
3.26 
2.25 
3.20 
3.20 
3.20 
3.15 
&25 
8.85 
8.46 
3.45 
3.50 
3.60 
8.60 
8.60 
3.60 
8.60 
8.60 
8.60 
8.60 
8.65 
8.05 
8.05 
3.75 
8.95 
4.00 
4.00 
3.90 
3.90 

8.90 
8.80 
8.80 
8.80 
8.80 
8.80 
3.90 
3.96 
4.05 
4.20 
4.85 
4.00 
4.95 
6.40 
6.80 
6.80 
5.80 
6.90 
5.90 
5.75 
6.06 
6.00 
4.80 
4.96 
6.00 
6.36 
5.05 
5.76 
5.00 
5.90 
0.00 

5.80 
5.76 
5.25 
4.80 
4.60 
4.00 
4.85 
5.00 
5.00 
6.00 
5.40 
0.70 
0.96 
0.90 
0.40 
0.00 
6.85 
6.75 
6.86 
5.85 
5.70 
6.65 
6.00 
4.85 
4.60 
4.40 
4.00 
8.90 
8.90 
3.90 

8.90 
3.90 
8.90 
8.80 
3.60 
3.60 
3.45 
3.40 
8.40 
3.40 
8.36 
3.80 
8.00 
3.00 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.00 
2.00 
2.00 
2.00 
2.00 

2.40 
2.40 
2.40 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00   , 

2.00 

2:::::"::::"::::::::.: 

3 

4 

5 

6....::...: :... 

7 

8 

9 

10 

11 

12 

13 

14 

15 

* 

10 

17 

18 

19 

20 

21 

22 

28 

3.80 
8.15 
8.20 
8.26 
8.25 
8.25 
8.20 
3.10 
3.15 

24 

25 

26 

27 

28 

28 

80 

31    .           
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ARKANSAS  RIVER  AT  8ALIDA,  COLORADO. 

This  station  was  established  April  11,  1895,  and  is  located  at  the 
suspension  bridge  at  Salida,  Colorado.  The  gage  consists  of  a  ver- 
tical timber  bolted  to  the  abutment  of  the  bridge;  the  banks  are  high 
and  do  not  overflow;  the  bed  of  the  stream  consists  of  sand  and 
gravel.  Large  bowlders  interfere  to  a  considerable  extent  with  the 
accuracy  of  the  results.  Results  of  measurements  may  be  found  as 
follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  224;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  355;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  331.  The  following  discharge  meas- 
urements were  made  by  A.  L.  Fellows  during  1899: 

April  26,  gage  height,  1.72  feet;  discharge,  686  seoond-feet. 
May  25,  gage  height,  8.10  feet;  discharge,  1,999  second-feet. 
July  14,  gage  height,  2.40  feet;  discharge,  1,801  second-feet. 
November  8,  gage  height,  0.80  feet;  disharge,  817  second-feet. 

Daily  gage  height,  in  feety  of  Arkansas  River  at  ScUiday  Colorado,  for  2899. 


Day. . 

Mar. 

Apr. 

May. 

June. 

July. 

Aufir- 

Sept 

1  

0.80 

.80 

.80 

.80 

.85 

•  .80 

.80 

.80 

.85 

.95 

1.00 

1.02 

1.10 

1.00 

1.05 

1.20 

1.20 

1.10 

1.15 

.95 

.90 

.95 

1.10 

1.20 

1.30 

1.55 

1.60 

1.65 

1.50 

1.40 

1.30 
1.35 
1.25 
1.20 
1.25 
1.40 
1  50 
1.65 
1.95 
2.06 
2.10 
2.25 
2.45 
2.70 
2.85 
2.90 
2.90 
2.95 
3.00 
8.00 
2.80 
2.60 
2.45 
2.50 
2.75 
2.96 
8.10 
8.10 
8.10 
8.20 
8.25 

3.25 
3.35 
3.10 
2.85 
2.66 
2.60 
2.85 
2.90 
&06 
8.20 
3.60 
8.60 
8.70 
4.60 
4.30 
4.85 
6.00 
4.85 
4.95 
6.10 
6.00 
4.50 
4.20 
4.20 
4.10 
8.85 
3.50 
3.20 
3.20 
3.20 

8.20 
8.20 
8.20 
3.20 
3.10 
3.20 
8.05 
2.90 
2.60 
2.45 
2.40 
2.85 
2.65 
2.35 
2.45 
2.40 
2.80 
2.50 
2.40 
2.30 
2.00 
1.85 
1.80 
1.85 
1.66 
1.60 
1.65 
1.56 
1.40 
1.50 
1.60 

i.eo 
i.eo 

1.70 

2.40 

2.10 

2.15 

1.85 

1.65 

1.45 

1.40 

1.35 

1.15 

1.20 

1.20 

1.20 

1.20 

1.10 

1.10 

1.05 

1.00 

1.00 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 

.90 

O.80 
.80 
.80 
.70 
.70 
.60 
.00 
.55 
.50 
.50 
.50 
.50 
.75 
.90 
1.00 
1.00 
.80 
.70 
.65 

2 

8 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

.55 

21 

.50 
.50 
.50 
.50 
.51) 
.50 
.40 
.40 
.40 
.40 

22 

0.80 
.80 
.80 
.80 
.90 
.70 
.70 
.70 
.70 
.70 

28 

24 

25 

26 

27 

28 

29 

30 

31 

1 

Cloeed  for  the  winter  September  80. 


ARKANSAS  RIVER  AT  CANYON,    COLORADO. 

This  station,  established  in  1889,  is  located  at  the  Hot  Springs  Hot^l, 
1^  miles  west  of  Canyon  and  about  500  yards  below  the  month  of 
Grape  Creek.  The  gage  rod  is  placed  on  the  left  bank  of  the  river, 
just  below  the  suspension  foot  bridge,  and  consists  of  an  inclined 
4  by  4  inch  timber  bolted  to  posts  set  in  the  ground.  The  station  i> 
an  important  one,  as  it  is  located  at  the  mouth  of  the  canyon  and 
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above  most  of  the  canal  diversions.  The  only  two  ditches  taking 
water  above  the  gaging  station  are  the  North  and  South  Side  ditches, 
which  were  each  measured  three  times  during  1899,  as  follows:  On 
April  27,  August  18,  and  November  7.  North  Side  ditch,  on  the  first 
date,  was  carrying  55  second-feet,  and  the  South  Side  ditch  48  second- 
feet;  on  the  second  date  North  Side  ditch  was  discharging  35  second- 
feet  and  the  South  Side  ditch  43  second-feet;  at  the  third  measure- 
ment of  discharge  the  North  Side  ditch  showed  28  second-feet  and  the 
South  Side  36  second-feet.  The  results  of  measurements  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
226;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  356;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  331.  The  discharge  meas- 
urements were  made  by  A.  L.  Fellows  for  1899,  as  follows: 

April  37,  gage  height,  8.20  feet;  discharge,  611  second- feet. 
May  26,  gage  height,  4.55  feet;  discharge,  2,189  second-feet. 
July  7,  gage  height,  4.50  feet;  discharge,  2,651  second-feet. 
Angnst  18,  gage  height,  2.90  feet;  discharge,  553  second-feet. 
November  7,  gage  height,  2.55  feet;  discharge,  306  second-feet. 

Daily  gage  height,  in  feet ,  of  Arkansas  River  at  Canyon^  Colorado,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1    

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.75 
2.80 

3.26 
3.10 
3.06 
2.90 
2.90 
2.90 
3.00 
3.15 
3.35 
3.55 
3.65 
3.90 
4.25 
4.60 
4.70 
4.80 
4.85 
4.65 
4.75 
4.80 
4.65 
4.40 
4.20 
4.15 
4.50 
4.60 
4.80 
4.80 
4.80 
4.90 
5.00 

5.00 
5.06 
5.00 
4.75 
4.50 
4.45 
4.65 
4.70 
4.75 
4.85 
5.06 
5.45 
5.85 
6.00 
5.95 
5.95 
5.95 
6.05 
6.10 
6.10 
6.06 
5.96 
5.76 
5.60 
6.60 
5.30 
5.25 
5.00 
5.05 
4.96 

5.00 
5.30 
5.00 
4.85 
4.75 
4.60 
4.55 
4.40 
4.30 
4.20 
4.10 
4.05 
4.45 
4.25 
4.25 
4.40 
4.10 
4.06 
4.50 
4.10 
3.90 
3.80 
3.70 
3.70 
3.60 
3.60 
3.50 
8.60 
8.55 
3.65 
3.60 

8.60 
3.50 
3.60 
4.10 
4.45 
3.66 
3.60 
8.60 
8.40 
3.30 
8.10 
3.00 
3.00 
3.00 
2.90 
2.80 
2.95 
2.90 
2.85 
2.80 
2.70 
2.70 
2.60 
2.60 
2.50 
2.60 
2.50 
2.50 
2.50 
2.40 
2.50 

2.60 
2.50 
2.50 
2.60 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.60 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 

2 

1 

02.70 

3   

1. 

4 

2.t)0 

3.40 

02.20 

02.60 

6,. 

6 

2.60 

'      7...  . 

8 

9    ... 

O2.70 

10 

11 

2.50 

3.00 

a2.40 

02.80 

12 

3.00 

13... 

3.00 
3.05 
3.00 
3.05 
3.00 
3.00 
2.05 
3.00 
2.75 
2.70 
2.75 
2.90 
3.05 
3.20 
8.30 
3.85 
3.40 
3.25 

U 

15   ..  . 

2.60 

16 

02.50 

17 

1 

18 

2.10 

2.70 

02.90 

19 

20 

02.40 

21 

22 

2.60 

38 

02.60 

24 

« 

26 

3.00 

2.70 



03.00 

26. 

27.-  . 

• 

28 

28 

2.60 

02.60 

30   . 

02.80 

31    .... 

a  Average  for  week. 


ARKANSAS  RIVER  AT  PUEBLO,    COLORADO. 

This  station  was  established  in  September,  1894,  and  is  at  present 
located  at  Main  street  bridge  in  the  city  of  Pueblo.  The  gage  is  a 
2  "by  6  inch  plank  bolted  to  the  masonry  wall  at  the  south  end  of  the 
l>xddge.  The  bench  mark  consists  of  a  point  on  the  stone  coping  at 
tlxe  south  end  of  the  bridge,  and  is  17.30  feet  above  gage  datum. 
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Gage  readings  are  furnished  by  the  city  engineer  of  Pueblo.  The 
results  of  measurements  maybe  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  230;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  357;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
336.  The  following  discharge  measurements  for  1899  were  made 
under  the  direction  of  A.  L.  Fellows: 

Measurements  of  Arkansas  River  at  Pueblo,  Colorado, 


Date. 


XuWf. 

Apr.  27 

May  28 

Junes 

Jane  17 

Jnlyl 

JnlyS 

Aug.  1 


Gk»e 
height 

Dis- 
charge. 

F^t. 

Sec-feet 

0.8 

005 

2.8 

2,221 

2.56 

2.866 

8.eo 

4,666 

2.22 

2,060 

1.61 

2,006 

0.72 

1,100 

Date. 


1800, 

Aug.  5 

Aug.  14 

Sept.  10 

Sept.  18 

Oct.  6 , 

Nov.  7 


Oaffe 
i^gnt. 


heigl 


Feet. 

1.46 

1.20 

-0.6 

-0.10 

-0.20 

0.06 


Dia- 


Sec 
1 
1 


■feeL 
.838 
.406 
180 
388 
331 
411 


Daily  gage  height ,  in  feet,  of  Arkansas  River  at  PuMo,  Colorado,  for  1899, 


a  New  rating  table  from  June  21. 

b  No  record. 

c  GtLge  heights  after  July  81  are  from  city  engineer's  recorda. 

d  August  10,  storm  in  Pueblo;  water  rose  to  7  feet  in  night. 

e  Ice  gorge;  discard  readings. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec 

1..... 

0.40 

0.86 

0.60 

0.40 

0.75 

2.50 

2.10 

cl.OO 

-0.23 

J^k 

0.05 

-a  10 

2 

.85 

.52 

.75 

.46 

.80 

2.60 

2.10 

.80 

-  .22 

.02 

—  .12    ' 

3 

.30 

.57 

.50 

.60 

.80 

2.60 

2.40 

.00 

(b) 

-  .30 

.07 

—  .10    1 

4 

.56 

.62 

.68 

.44 

.60 

2.20 

2.10 

1.15 

-  .20 

-  .81 

.04 

6 

.56 

.60 

.60 

.40 

.55 

1.80 

1.00 

1.66 

-  .25 

—  .26 

(6) 

.30    ' 

6 

.68 

.62 

.61 

.47 

.50 

1.70 

1.80 

(b) 
1.10 

-  .86 

-  .20 

.00 

-.26    1 

7 

.43 

.60 

.62 

.47 

.56 

2.00 

2.20 

-  .38 

-  .80 

.05 

-  .30 

8 

.43 

.62 

.63 

.47 

.66 

2.10 

1.60 

.07 

—  .40 

J% 

.00 

—  .18 

0 

.46 

.60 

.60 

.34 

.66 

2.20 

1.50 

.85 

—  .32 

-  .02 

.20 

10 

.47 

.68 

.61 

.30 

.76 

2.80 

1.40 

.60 

(b) 

-  .32 

.01 

-% 

11 

.80 

.75 

.47 

.28 

.86 

2.40 

1.20 

.30 

-  .60 

—  .30 

-  .01 

12 

.37 

.72 

.46 

.28 

1.30 

2.80 

1.80 

.86 

-  .48 

—  .38 

(6) 

—  .88 

18 

.45 

.70 

.40 

.40 

1.70 

3.30 

2.00 

dl.90 

—  .60 

-  .25 

.00 

-  .06 

14 

.48 

.70 

.87 

.40 

2.00 

3.30 

1.00 

-  .66 

-  .20 

-  .02 

.00 

16 

.49 

1.06 

.20 

.46 

2.16 

3.60 

1.00 

.40 

-  .60 

% 

-  .01 

—  .08 

16 

.40 

1.06 

.18 

.50 

2.25 

3.70 

1.65 

.27 

-  .88 

-^  .06 

—  .86 

17 

.50 

1.10 

.60 

.60 

2.25 

3.60 

1.60 

.26 

-% 

-  .30 

-  .12 

J% 

18 

.60 

.05 

.40 

.60 

2.86 

3.50 

1.80 

.10 

—  .25 

-  .15 

10 

.60 

.86 

.40 

.46 

2.26 

8.60 

2.00 

.07 

-.20 

—  .28 

-% 

-.IZ 

20 

.60 

.72 

.22 

.40 

2.46 

3.80 

1.50 

-% 

-  .18 

-  .25 

J% 

21 

.47 

.70 

.80 

.60 

2.25 

8.70 

al.80 

—  .16 

—  .20 

-.15 

22 

.50 

.70 

.25 

.20 

2.06 

8.70 

1.10 

-  .20 

-  .25 

J% 

—  .16 

(«) 

28 

.65 

.70 

.20 

.20 

1.76 

8.80 

1.10 

—  .10 

-  .30 

.18 

^^> 

24 

.52 

.46 

.86 

.20 

1.65 

2.90 

1.10 

-.15 

% 

.11 

.10 

(6> 

26 

.45 

.67 

.35 

.40 

2.06 

2.80 

.90 

-  .80 

-  .16 

—  .08 

-  .05 

26 

27 

.40 
.30 

.66 
.50 

.45 
.46 

.46 

.70 

2.28 
2.50 

2.60 
2.60 

.80 
1.10 

-  .35 

.30 
-  .40 

-  .08 

-  .00 

-% 

28 

.37 

.60 

.31 

.78 

2.56 

2.20 

1.00 

.42 

.02 

—  .22 

-  .08 

20 

.87 

.36 

.00 

2.46 

2.20 

.80 

-  .36 

-  .46 

(6) 

-  .80 

—  .10 

80 

.87 

.33 

.80 

2.50 

2.80 

1.10 

-  .46 

.46 

.08 

(6) 

—  .06 

31 

.86 

.40 

2.60 

.90 

—  .40 

.06 

W 

ARKANSAS  RIVER  AT  NEPK8TA,  COLORADO. 

This  station,  established  September  8,  1897,  is  located  1,000  feet 
north  of  Nepesta,  Colorado,  at  a  wagon  bridge.  The  gage  consists  of 
a  vertical  timber  securely  fastened  to  the  upstream  cylinder  of  bridge, 
on  the  left  side  of  the  river.     The  channel  above  and  below  the  sta- 
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tion  is  straight  for  several  hundred  feet,  while  the  bed  is  sandy  and 
Hhifting,  and  the  results,  therefore,  are  not  altogether  satisfactory  for 
the  purpose  of  making  a  rating  table.  This  station  is  maintained  by 
The  Great  Plains  Water  Company.  The  results  of  discharge  measure- 
ments may  be  found  as  follows:  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  358;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
337.  The  following  discharge  measurements  were  made  under  the 
direction  of  A.  L.  Fellows  in  1899 : 

May  20,  gage  height,  4.60  feet;  discharge,  1,810  second-feet. 
Jane  7,  gage  height,  4.68  feet;  discharge,  1,636  second-feet. 
Angost  3,  gage  height,  4  feet;  discharge,  610  second-feet. 
Angnst  26,  gage  height,  8.10  feet;  discharge,  215  second-feet. 
October  2,  gage  height,  3.12  feet;  discharge,  213  second-feet. 


Daily  gage  height. 

in  feet,  of  Arkansds  River  at  Nepesta, 

Colorado,  for  1899, 

Day. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

3.00 
3.00 
3.00 
3.10 
3.20 
8.20 
3.20 
8.20 

aio 
a  10 

2.90 

aoo 
aio 
a  30 
aio 
aoo 
aio 
a  20 
aio 
aio 
a  20 
a  20 
a  30 
a  80 
a3o 
a40 
a  40 
a  60 
a  40 
a  40 
a  60 

Nov. 

Dec. 

1 

8.60 
3.00 
3.50 
8.60 
8.40 
8.30 
3.40 
8.60 
360 
3.70 
8.70 
8.90 
4.60 
4.00 
4.00 
4.00 
4.60 
4.60 
4.40 
4.60 
4.60 
4.60 
4.60 
4.40 
4.50 
4.70 
4.80 
4.80 
4.60 
4.00 
4.90 

4.80 
4.70 
4.80 
4.60 
4.80 
4.30 
4.70 
4.70 
4.70 
4.80 
5.00 
5.30 
5.20 
5.10 
5.30 
5.60 
6.60 
5.40 
5.60 
5.00 
5.80 
5.70 
5.70 
5.60 
5.30 
5.20 
5.10 
5.10 
.5.00 
5.10 

5.50 
5.30 
5.70 
5.50 
5.20 
5.10 
5.00 
5.20 
4.90 
4.90 
4.60 
4.70 
4.20 
6.10 
5.80 
6.00 
5.90 
5.60 
6.40 
5.20 
4.90 
4.70 
6.00 
5.80 
4.00 
4.00 
4.00 
5.00 
7.00 
4.90 
4.90 

4.10 
4.00 
4.20 
4.90 
5.80 
6.60 
5.10 
4.20 
4.20 
a90 
8.00 
8.40 
8.20 
a7.60 
4.40 
a60 
8.40 
8.10 
2.90 
8.40 
3.20 
3.80 
2.90 
3.00 
8.10 
8.00 
8.20 
3.20 
8.10 
8.00 
3.00 

3.40 
3.10 
3.10 
3.10 
3.00 
3.00 
8.00 

aoo 

8.00 

2.80 

3.00 

2.90. 

2.90 

2.80 

3.00 

3.40 

3.10 

3.30 

3.20 

3.10 

3.10 

aio 

8.00 
8.00 
8.10 
3.00 
3.00 
2.90 
2.80 
2.90 

5.20 

a  70 
a  70 
a  60 
a  20 
a  30 
aeo 
a  60 
a  60 
a  40 
a  60 
aeo 
a  60 
a  60 
a  30 
a  30 
a  20 
a  30 
a  20 
a  28 
aio 
aio 
a  20 
a  20 
a  30 
aio 
aio 
aoo 
aoo 
aoo 

aio 

3.10 

2 

8 

4 

5 A 

6 

7 

8 

9 

10 

11 

12 

18 

U 

15 

16 

17 

18 

19 

20 

21 

3.60 
8.40 
8.00 
3.20 
8.20 
3.30 
3.60 
8.60 
8.40 
8.40 

22 

23 

24 

26 

2S 

27 

-28 

29 

30 

31 

a  Flood  at  Pueblo. 


b  Records  discontinued  December  2. 


ARKANSAS  RIVER  AT  ROCKYFORD,    COLORADO. 

This  station  is  located  2  miles  northeast  of  Rockyford,  Colorado, 
and  was  established  May  3,  1897.  The  gage  consists  of  a  vertical 
timber  fastened  to  the  abutment  of  the  wagon  bridge  on  the  left  side 
of  the  stream.  Both  banks  are  low,  but  not  liable  to  overflow,  except- 
ing at  very  high  water.  The  bed  is  sandy  and  shifting.  S.  W. 
Cressy,  commissioner  of  Colorado  irrigation  district  No.  17,  is  the 
voluntary  observer.  On  October  16  Rockyford  ditch  near  by  was 
measured  at  the  rating  flume,  at  a  gage  height  of  1.13  feet,  and  gave 
a  discharge  of  41  second-feet.     The  results  of  measurements  may  be 
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found  as  follows:  1898,  Twentieth  Annual  Report,  Part  IV,  page  338. 
The  measurements  for  1899,  made  by  A.  L.  Fellows,  are  as  follows: 

IfaySO,  gage  height,  1.88  feet;  discharge,  1,042  second-feet. 
October  16,  gage  height,  0.88  foot;  discharge,  136  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  River  at  Rockyford,  Colorado,  for  1899. 


Day. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

.Sept 

Oct 

Nov. 

Dec 

1 

1.84 

1.80 

1.82 

1.81 

1.26 

1.12 

1.02 

1.00 

1.10 

1.06 

1.00 

.99 

.96 

.96 

.96 

"■i.26" 

1.20 

1.22 

1.16 

1.10 

1.16 

1.17 

1.00 

.00 

.90 

.96 

.97 

.96 

1.10 

1.10 
1.16 
1.80 
1.06 
.90 
.90 
.80 
.90 
.80 
.92 
1.28 
1.35 
1.48 
1.63 
1.81 
1.79 
1.80 
1.80 
1.91 
1.76 
1.86 
2.06 
1.96 
1.90 
1.80 
1.96 
2.02 
2.06 
2.08 
1.90 
1.86 

2.12 
2.10 
2.06 
2.01 
1.89 
1.62 
1.91 
2.10 
2.40 
2.05 
1.96 
2.16 
2.20 
2.20 
2.50 
2.60 
2.70 
2.75 
2.65 
2.80 
2.85 
2.85 
2.96 
2.72 
2.68 
2.50 
2.80 
2.20 
2.06 
1.92 

2.10 
2.20 
2.86 
3.10 
2.28 
2.10 
2.00 
2.58 
2.05 
1.85 
'1.78 
1.65 
1.48 
3.40 
3.80 
3.20 
8.85 
2.40 
8.00 
2.80 
2.4i) 
2.15 
1.95 
1.88 
2.01 
1.48 
1.25 
1.12 
3.20 
2.45 
2.92 

1.82 

1.45 

1.19 

1.45 

4.40 

2.85 

2.85 

2.20 

1.78 

I.  SO 

1.34 

1.20 

1.11 

2.26 

2.26 

1.48 

1.27 

1.18 

1.10 

1.07 

1.19 

1.17 

1.06 

.95 

.80 

.75 

.88 

.88 

.90 

.90 

.80 

0.81 

.97 

.95 

.74 

.88 

.90 

.90 

.88 

.76 

.70 

.72 

.74 

.76 

.78 

.82 

.87 

1.08 

1.01 

L12 

1.25 

1.00 

1.00 

.96 

1.00 

.94 

.90 

.80 

.82 

.84 

.72 

0.68 
.62 
.50 
.65 
.72 
.74 

•  .72 
.79 
.79 
.75 
.74 
.65 
.68 
.80 
.80 
.88 
.86 
.86 
.98 
.94 
.95 

■*i."o6 

1.00 
1.01 
1.02 
1.06 
1.00 
1.13 
1.10 

1.70 
1.90 
1.25 
1.18 
1.18 
1.00 
1.08 
1.04 
1.05 
1.08 
1.05 
1.00 
1.12 
1.14 
1.16 
1.03 
1.00 
.85 
.75 

0.80 

-80 

.80 

.80 

.88 

LOO 

1.00 

.96 

al.00 

2 

8 

4 

6 

6 

7 

8 

0 

10 

u 

12 

13 

1.86 

1.80 

1.28 

1.26 

1.10 

1.06 

1.00 

1.00 

.97 

.98 

.90 

1.10 

1.16 

.90 

.90 

1.27 

1.26 

1.20 

1.88 

U 

15 

16 

17 

18 

19 

80 

21 

1.20 
1.00 
.08 
1.00 
.05 
.02 
.91 
.01 
.04 
.82 

22 

28 

24 

26 

26 

27 

28 

29 

80 

31 

«__. 

a  Readings  discontinued  December  9. 


ARKANSAS  RIVER  AT  LA  JUNTA,   COLORADO. 

This  station  is  situated  at  the  head  of  the  Fort.  Lyons  canal,  meas- 
urements being  taken  of  the  water  in  the  rating  flume  of  the  canal, 
of  that  in  its  wasteway,  and  of  that  passing  over  the  dam  at  the  head 
of  the  canal.     The  station  is  maintained  by  The  Great  Plains  Water 
Company.     On  May  30,  at  gage  height  of  3.90  feet,  the  discharge  of 
the  canal  was  772  second-feet,  and  22  second-feet  was  in  the  waste- 
way.  .  October  17  the  canal  was  carrying,  at  a  gag^  height  of  1.89  feet, 
a  discharge  of  159  second-feet,  with  44  second-feet  in  the  wasteway. 
Continuous  records  of  gage  heights  were  not  kept  throughout  the  year. 
Three  measurements  of  discharge  were  made  by  A.  L.  Fellows  of  the 
amount  of  water  passing  over  the  dam,  for  the  purpose  of  securing  a 
rating  table  for  the  form  of  weir  of  which  the  Fort  Lyons  dam  is 
typical.     The  first,  on  May  30,  at  a  gage  height  of  0.05  foot,  gave  a 
discharge  of  246  second-feet.     The  second,  on  June  13,  with  a  gage 
height  of  0.47  foot,  showed  a  discharge  of  857  second-feet,  and  the 
last  measurement,  on  June  20,  with  a  gage  height  of  0.67  foot,  gave  a 
discharge  of  1,181  second-feet. 
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PURGATORY  RIVKR  AT  TRINIDAD,   COLORADO. 

This  stream  is  one  of  the  principal  tributaries  entering  the  Arkansas 
River  from  the  south;  it  rises  in  northern  New  Mexico  and  flows  in  a 
general  northeasterly  direction  across  the  plains,  entering  the  main 
stream  a  short  distance  below  Las  Animas.  The  rod  is  attached  to 
the  downstream  side  of  the  cylindrical  pier  of  the  Las  Animas  street 
bridge  in  the  city  of  Trinidad,  and  has  been  maintained  for  a  num- 
ber of  years.  Owing,  however,  to  the  unsatisfactory  condition  of  the 
river  at  this  locality,  the  station  was  discontinued  July  31,  1899. 
The  results  of  measurements  may  be  found  as  follows:  1896,  Eight- 
eenth Annual  Report,  Part  IV,  page  232;  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  359;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  341.  Two  measurements  of  discharge  were  made  in  1899  by 
A.  L.  Fellows.  The  first  one,  on  April  28,  at  a  gage  height  of  3.60 
feet,  gave  a  discharge  of  52  second-feet;  one  on  July  12,  at  a  gage 
height  of  3.30  feet,  showed  a  discharge  of  4  second-feet. 

.   Daily  gage  Jieight,  in  feet j  of  Purgatory  River  at  Trinidad,  CohradOyfor  1899, 


Day. 
1-. 

Apr. 
HfiO 

May. 

Jnne. 
8.70 

July. 

Day. 

Apr. 

May. 

Jnne. 

July. 

Day. 

Apr. 

May. 

June. 

July. 

3.95 

8.40 

12... 

3.60 

3.80 

3.60 

3.86 

23... 

3.75 

3.75 

3.60 

4.15 

2.. 

3.60 

3.&5 

a70 

3.75 

13... 

3.60 

3.80 

3.66 

4.65 

24... 

3.80 

3.60 

3.70 

3.66 

3.. 

3.60 

3.75 

8.70 

3.95 

14... 

3.55 

3.80 

3.60 

4.80 

25... 

3.80 

3.60 

3.55 

3.60 

4.. 

3.50 

3.70 

3.70 

3.75 

15... 

3.60 

3.85 

3.55 

4.70 

26  .. 

3.86 

3.60 

3.40 

3.50 

5-. 

3.50 

3.80 

3.70 

8.60 

16... 

3.70 

4.00 

4.20 

4.15 

27... 

3.90 

3.60 

3.40 

3.60 

6-. 

3.50 

8.70 

8.55 

3.50 

17... 

3.70 

4.00 

,4.00 

8.05 

28... 

3.90 

8.00 

3.30 

4.76 

7.. 

3.50 

3.70 

3.50 

8.56 

18... 

3.80 

3.90 

8.«0 

4.25 

29... 

3.90 

360 

3.30 

4.90 

8.. 

3.60 

3.65 

3.60 

3.70 

19... 

3.85 

8.85 

3.75 

4.05 

30... 

3.05 

3.60 

3.80 

4.20 

9.. 

360 

3.80 

3.55 

3.60 

20... 

3.90 

3.00 

3.60 

3.85 

31... 

3.70 

3.a5 

10.. 

3.60 

3.80 

3.60 

3.50 

21... 

3.95 

3.90 

3.60 

3.70 

11.. 

3.60 

8.80 

a60 

3.40 

28... 

3.75 

3.95 

3.55 

3.00 

ARKANSAS  RIVER  AT  AMITY  CANAL  HEAD  GATES,  COLORADO. 

This  station  is  located  at  the  head  of  Amity  canal,  7  miles  west  of 
Lamar,  Colorado,  and  is  maintained  by  the  Amity  Canal  Company. 
The  observations  here  are  not  as  satisfactory  as  they  might  be  for 
determining  the  total  flow  of  the  river.  The  following  measurements 
were  made  by  A.  L.  Fellows  on  the  canal  and  wasteway:  May  31,  the 
canal,  at  a  gage  height  of  2.63  feet,  was  discharging  249  second-feet, 
while  there  were  129  second-feet  in  the  wasteway;  on  June  18  the 
nrnount  of  water  in  the  wasteway,  at  a  gage  height  of  2.15  feet,  was 
1 14  second-feet.  No  measurements  of  the  main  river  were  made  dur- 
ing 1899. 

The  Arkansas  River  at  the  head  of  the  Colorado  and  Kansas  canal, 
12  miles  west  of  Lamar,  was  measured  September  8,  1899,  and  at  a 
gage  height  of  0.20  feet  on  the  dam  was  discharging  16  second- feet. 
IBR  37 5 
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Daily  gage  heigJU,  in  feet,  of  Arkansas  River  at  Amity  canal  head  gates^  Colorado, 

for  1899. 


Day. 

Jan 

Feb. 

Mar. 

Apr. 

May. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1 

1.50 

1.40 

5.60 

2.10 

0.40 

17 

1.80 

2.00 

4.50 

1.50 

2-10 

8 

1.60 

1.40 

5.80 

1.90 

.30 

18 

1.80 

2.00 

2.50 

1.50 

2.10 

3 

1.80 

1.40 

5.60 

1.90 

.10 

19 

1.80 

2.40 

2.50 

1.50 

2.70 

4 

1.80 

1.40 

5.80 

1.80 

.10 

20 

2.00 

2.40 

2.30 

1.70 

2.80 

5 

2.00 

1.40 

5.80 

1.80 

.10 

21 

2.20 

2.60 

2.20 

1.00 

2.00 

6 

2.00 

1.40 

5.00 

1.70 

1.30  1 

22 

2.80 

2.80 

2.10 

i.eo 

S.QO  f 

7 

2.00 

1.40 

4.80 

1.90 

.60 

23 

2.60 

2.80 

2.00 

1.20 

1.80 

8 

2.00 

1.40 

4.80 

1.80 

.30 

24 

2.40 

2.80 

2.00 

1.10 

aso 

9 

2.00 

1.40 

4.80 

1.90 

.40 

25 

2.40 

2.60 

1.90 

1.10 

3.10 

10 

2.00 

1.40 

4.80 

2.00 

.20 

28 

2.40 

2.60 

2.00 

.90 

3.30  1 

11 

2.00 

1.40 

4.80 

2.20 

.20 

27 

2.40 

2.60 

1.80 

.80 

3.10  , 

12 

1.80 

1.60 

4.80 

2.20 

.20 

28 

2.70 

2.60 

2.50 

.50 

3.90 

13 

1.80 

1.60 

4.00 

2.20 

.20 

29 

2.60 

2.10 

.30 

4.00  1 

14 

1.80 

1.80 

4.U0 

2.10 

.60 

1  30 

2.20 

2.40 

.30 

3.90  1 

16 

1.80 

1.80 

4.60 

1.80 

1.20 

31 

1.90 

2.00 

3.30  , 

16 

1.8Q 

2.00 

4.00 

1.00 

1.80 

1 

1 
1 

ARKANSAS  RIVER  AT  GRANADA,  COLORADO. 

This  station  was  established  July  24,  1898,  and  is  located  at  the 
head  gates  of  the  Buffalo  Creek  canal,  2  miles  northeast  of  Granada. 
There  is  an  earth  dam  across  the  river  at  this  point,  with  a  footbridge 
over  it,  from  which  measurements  were  to  have  been  attempted,  but^ 
owing  to  an  occasional  breaking  of  the  dam  during  high  stages  of  the 
river,  none  have  been  made  since  the  station  was  established.  The 
gage  is  vertical,  well  painted,  and  nailed  to  the  head  gates  of  the  canal. 


Daily  gage  height,  in  feet,  of  Arkansas  River  at  Oranada,  Colorado,  for  1S99, 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
18.. 
14.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
28.. 
24.. 
25.. 
28.. 
27.. 
28.. 
20.. 
30.. 
81.. 


Jan. 


0.40 
.40 
.50 
.40 
.40 
.40 
.40 
1.00 
1.00 
1.00 
1.00 
1.00 
1.40 
1.40 
1.40 
1.40 
1.40 
1.00 
1.00 
1.00 
1.60 
1.60 
1.80 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
1.80 
1.40 


Feb. 


1.40 
1.40 
1.40 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.40 
2.40 
2.40 
2.40 


Mar. 


2.40 

2.40 

2.40 

2.40 

2.40 

2.00 

1.60 

1.00 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

.80 

.60 

.60 

.60 

.60 

.30 

.30 

.30 

.30 

.30 

.60 

.50 

.40 


Apr. 


0.30 
.80 
.30 
.30 
.30 
.80 
.30 
.30 
.30 
.30 
.30 
.30 
.20 
.30 
.80 
.80 
.80 
.60 
.60 
.80 
.60 
.80 
.60 
.60 
.40 
.60 
.60 
.60 
.60 
.60 


May. 


0.40 
.60 
.80 
1.00 
1.00 
1.00 
.80 
.60 
.60 
.60 
.80 
.80 
.50 
.50 
.50 
.60 
.60 
.60 
.80 
.80 
.60 
.60 
.60 
.00 
.60 
.80 
.60 
.60 
.80 
1.00 
1.20 


June. 


0.60 

.40 

.40 

.80 

.60 

.80 

.80 

.80 

1.00 

1.00 

1.00 

1.20 

.80 

.60 

1.20 

1.40 

1.00 

1.00 

2.40 

.60 

.60 

1.20 

2.00 

8.00 

2.20 

2.30 

2.30 

1.40 

1.00 

.80 


July. 


0.60 

.60 

.80 

.80 

3.00 

2.60 

1.00 

.80 

.80 

2.00 

1.60 

1.00 

2.00 

8.60 

4.00 

3.80 

4.00 

4.60 

3.60 

5.00 

2.80 

2.00 

1.60 

1.00 

.80 

.80 

.80 

.80 

3.00 

1.60 

2.80 


Aug. 


2.20 

1.80 

1.00 

.80 

1.40 

6.40 

3.60 

2.60 

1.90 

1.60 

1.00 

.60 

.60 

.60 

.60 

2.00 

1.60 

1.00 

.80 

.80 

.80 

.60 

.60 

.60 

.70 

.80 

.60 

.60 

.60 

.60 

.60 


Sept. 


0.60 
.60 
.60 
.60 
.00 
.00 
.60 
70 
1.00 
1.00 
1.00 
.80 
.00 
.60 
.60 
.00 
.60 
.60 
.00 
.60 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


Oct. 


0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


Nov. 


1.00 

1.20 

3.00 

2.00 

1.00 

1.00 

1.00 

.80 

.80 

.80 

.80 

.80 

.80 

.H) 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

2.20 

1.10 

.80 

.80 

.80 

.80 

.80 

.80 


Dei- 


aSD 
.80 
.80 
.80 
1.00 
1.00 
1.20 
1.20 
1.40 
1.S0 
1.50 
1.50 
2.00 
S.00 
2.00 
2.  SO 
2.50 
2.50 
2.50 
2.60 
S.S0 
2.50 
a.  00 
3.00 
3. 00 

8.a) 

3.O0 
8.00 
3.00 
3.00 
3.00 
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ARKANSAS  RIVER  AT  HUTCHINSON,  KANSAS. 

The  Arkansas  River,  after  crossing  the  Kansas  and  Colorado  State 
line,  is  not  systematically  measured  until  Hutchinson,  in  about  the 
center  of  the  State,  is  reached.  The  station  here  was  established 
May  13,  1895,  and  is  located  at  the  wagon  bridge  at  the  south  end  of 
Main  street.  The  gage  consists  of  an  oak  timber  spiked  to  a  pile  a 
few  feet  above  the  bridge.  Bench  mark  No.  1  is  the  upper  crosspiece 
of  the  pier  guard,  with  an  elevation  of  8.35  feet  above  zero  of  the 
gage.  Bench  mark  No.  2  is  the  top  of  the  iron  doorsill  of  the  lii'st 
brick  building  next  to  the  river,  and  its  elevation  is  8.12  feet  above 
gage  datum.  The  channel  is  straight  for  some  distance  above  and 
below  the  bridge;  the  bed  is  sandy  and  very  shifting.  Results  of 
measurements  may  be  found  as  follows:  189G,  Eighteenth  Annual 
Report,  Part  IV,  page  233;  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  361;  1898,  Twentieth  Annual  Report,  Part  IV,  page  343. 
Discharge  measurements  for  1899  were  made  by  W.  G.  Russell,  as  fol- 
lows: 

May  2,  gage  height,  1.45  feet;  discharge,  6;]  second-feet. 

Jane  13,  gage  height,  3.95  feet;  discharge,  2,790  second-feet. 
Jnne  14,  gage  height,  3.85  feet;  discharge,  2,772  second-feet. 
October  17,  gage  height,  1.20  feet;  discharge,  30  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  River  at  Hutchinson,  Kansas,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.80 

2.00 

2.15 

2.20 

1.60 

1.40 

2.10 

2.05 

1.60 

1.30 

1.70 

1.70 

2 

1.90 

2.50 

2.20 

1.55 

1.35 

2.10 

2.80 

1.60 

1.20 

1.70 

1.70 

3 

1.05 

2.05 

2.20 

1.60 

1.60 

2.20 

2.76 

1.60 

1.20 

1.65 

1.70 

4 

2.00 

2.00 

2.85 

2.15 

1.65 

2.30 

2.20 

2.65 

1.60 

1.20 

1.55 

1.70 

5 

2.00 

(a) 

2.00 

2.15 

1.60 

2.15 

2.15 

2.60 

1.60 

1.20 

1.60 

1.70 

6 

2.00 

3.15 

2.20 

1.60 

2.00 

2.10 

2.55 

1.50 

1.20 

1.60 

1.70 

7 

1.00 

(a) 

3.20 

2.20 

1.60 

2.00 

2.20 

2.56 

1.60 

1.20 

1.60 

1.70 

8 

1.00 

(o) 

3.26 

2.20 

1.60 

2.65 

2.20 

2.60 

1.60 

1.20 

1.60 

1.70 

9 

2.00 

(aS 

8.00 

2.20 

1.60 

3.10 

2.05 

2.65 

1.60 

1.20 

1.60 

1.70 

10 

2.00 

(a) 

2.00 

2.15 

1.60 

3.30 

2.00 

2.80 

1.56 

1.20 

1.50 

1.70 

11 

1.70 

(a) 

3.06 

2.05 

1.66 

3.36 

2.00 

4.15. 

1.60 

1.20 

1.60 

1.70 

12 

1.70 

(a) 

2.a5 

2.00 

1.50 

4.36 

1.05 

3.80 

1.60 

1.20 

1.60 

1.80 

13 

1.70 

(o) 

2.80 

2.00 

1.45 

3.00 

1.00 

3.65 

1.40 

1.20 

1.60 

1.00 

U 

1.70 

la) 

2.90 

1.00 

1.40 

3.80 

1.00 

3.60 

1.40 

1.20' 

1.60 

1.00 

15 

1.70 

la) 

2.00 

1.85 

1.40 

3.66 

100 

3.35 

1.40 

1.20 

1.60 

1.00 

16 

1.80 

la) 

2.65 

1.80 

1.40 

3.30 

1.86 

3.06 

1.45 

1.20 

1.60 

2.00 

17 

1.80 

2.30 

2.60 

1.80 

1.40 

2.00 

1.80 

2.76 

1.50 

1.20 

1.60 

2.00 

18 

2.10 

2.30 

2.60 

1.80 

1.40 

2.66 

1.80 

2.56 

1.60 

1.20 

1.60 

2.00 

10 

2.10 

2.15 

2.60 

1.70 

1.40 

2.45 

1.80 

2.50 

1.40 

1.20 

1.60 

2.00 

20 

2.10 

2.06 

2.50 

1.70 

1.40 

2.40 

1.80 

2.36 

1.40 

1.20 

1.50 

2.00 

21 

2.00 

2.10 

2.60 

1.70 

1.40 

2.26 

1.05 

2.20 

1.40 

1.20 

1.60 

2.00 

22 

2.00 

2.26 

2.60 

1.05 

1.50 

2.20 

3.06 

2.20 

1.40 

1.20 

1.60 

2.00 

23 

2.00 

2.30 

2.45 

1.60 

1.50 

2.30 

4.65 

2.16 

1.40 

1.20 

1.70 

2.00 

24 

2.10 

2.80 

2.40 

1.60 

1.65 

2.30 

4.36 

2.00 

1.30 

1.20 

1.70 

2.00 

26 

2.00 

2.30 

2.35 

1.60 

1.60 

2.36 

4.45 

1.00 

1.30 

1.60 

1.70 

2.00 

28 

2.00 

2.30 

2.30 

1.60 

1.40 

2.40 

4.06 

1.00 

1.30 

1.75 

1.70 

1.00 

27 

2.10 

2.26 

2.45 

1.60 

1.40 

2.40 

3.70 

1.80 

1.30 

1.80 

1.70 

1.80 

28 

2.10 

2.15 

2.35 

1.55 

1.40 

2.40 

3.35 

1.76 

1.30 

1.80 

1.70 

1.80 

20 

2.20 
2.20 

1.60 
1.60 

1.40 
1.40 

2.30 
2.15 

3.26 
3.20 

1.70 
1.66 

1.30 
1.30 

1.80 
1.80 

1.70 
1.70 

1.80 
1.80 

80 

2.00 

81 

2.26 

1.30 

3.20 

1.60 

1  80 

1.80 

a  Frozen. 
VERDIGRIS  RIVER  AT  LIBERTY,  KANSAS. 

This  river  rises  in  the  southeastern  comer  of  Chase  County,  Kan- 
and  has  a  general  southerly  direction,  passing  out  of  the  State 
zi.ear  Coffeyville  into  Indian  Territory.  It  enters  Arkansas  River  1 
juale  above  the  mouth  of  Grand,  or  Neosho,  River  near  Fort  Gibson. 
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It  is  essentially  a  surface  run-off  stream;  its  water  is  muddy,  the  fall 
flood  large,  the  summer  flow  small,  and  the  fluctuations  in  height 
rapid.  There  are  a  number  of  fine  water  powers  located  on  the  main 
stream  and  its  various  tributaries,  and  many  of  them  were  utilized 
several  years  ago.  In  the  years  1880  to  1890  it  is  said  that  there  wei-e 
eleven  dams  on  the  Verdigris  River,  but  at  the  present  time  not  more 
than  three  or  four  are  utilized.  The  drainage  area  is  mapped  on  the 
Indei)endence,  Fredonia,  Emporia,  Eureka,  Sedan,  Eldorado,  Cot- 
tonwood Falls,  Parkerville,  Newton,  and  Abilene  atlas  sheets.  The 
station  was  established  in  August,  1895,  and  is  located  at  a  wagon 
bridge  about  250  feet  below  McTaggart's  mill  dam,  about  3  miles 
southwest  of  the  town  of  Liberty,  Kansas.  The  gage  is  a  vertical  tim- 
ber fastened  to  the  floor  of  the  mill.  Bench  mark  No.  1  is  the  heads  of 
three  large  nails  in  the  flume,  and  is  at  an  elevation  of  12.46  feet  above 
the  zero  of  the  gage.  Bench  mark  No.  2  is  the  head  of  a  spike  in  the 
root  of  a  Cottonwood  tree  40  feet  south  of  the  gage,  and  is  at  an  eleva- 
tion of  10.98  feet  above^age  datum.  The  bed  is  rocky,  composed  of 
gravel  and  subject  to  very  little  change.  The  results  of  measure- 
ments may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  235;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
369;  1898,  Twentieth  Annual  Report,  Part  IV,  page  344.  The  follow- 
ing discharge  measurements  were  made  by  E.  C.  Murphy  and  W.  G. 
Russell  during  1899: 

May  19,  gage  height,  8.03  feet;  discharge,  311  second-feet. 
Jnne  10,  gage  height,  21.30  feet;  discharge,  16,906  second-feet 
Jnly  6,  gage  height,  21.50  feet;  discharge,  16,505  second-feet. 
October  11,  gage  height,  1.70  feet;  discharge,  17  second-feet. 

m 

Daily  gage  height,  in  feet ,  of  Verdigris  River  at  Liberty ,  Kansas,  for  JS99. 


Day. 


I 
2 

a 
i 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
30 
31 


Jan. 


3.80 
3.7d 
3.20 
3.00 
3.30 
3.30 
3.20 
3.20 
3.20 
3.10 
8.10 
3.10 
8.30 
3.20 
3.10 
3.20 
3.10 
3.20 
3.10 
3.00 

8.  a) 

3.00 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 


Feb. 


2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 
3.10 
3.2G 
3.10 
3.00 
8.10 
6.60 
6.00 
4.60 


Mar. 


4.10 
3.80 
3.60 
3.60 
3.50 
3.40 
8.30 
8.20 
3.10 
3.20 
8.20 
7.10 
6.30 
6.00 
6.60 
6.90 
6.00 
4.80 
4.90 
6.80 
4.80 
4.60 
4.10 
3.00 
3.80 
3.70 
3.50 
3.50 
3.40 
8.70 
4.10 


Apr. 


4.10 
4.10 
3.80 
3.00 
3.40 
8.60 
3.80 
4.10 
4.00 
3.80 
3.70 
3.60 
8.50 
4.30 
3.70 
3.30 
3.30 
3.70 
3.86 
7.16 
6.46 
8.46 
11.20 
6.60 
6.30 
4.70 
4.45 
t.25 
4.36 
8.80 


May. 


8.65 
3.76 
4.05 
7.8G 
6.75 
4.70 
4.85 
5.06 
4.66 
4.45 
4.15 
4.00 
3.86 
3.65 
3.45 
3.20 
3.20 
3.00 
3.00 
6.60 

10.20 
6.10 
6.70 

14.65 
9.65 
4.80 
4.40 
4.00 
4.00 
3.70 
3.46 


Jnne. 


6.76 
5.15 
3.W) 
6.65 
6.35 
8.60 
36 
.80 


9. 
6. 


10.36 
21.45 
24.06 
24.75 
19.10 
9.16 
6.75 
7.50 
6.66 
4.80 
4.40 
4.05 
8.85 
3.60 
3.40 
3.26 
8.20 
3.36 
3.20 
3.05 
3.00 
2.85 


Jnly. 


2.80 
2.80 
2.75 
12.40 
15.40 
15.96 
8.65 
26.90 
30.45 
19.76 
8.75 
4.90 
4.65 
4.25 
4.20 
4.26 
6.40 
7.66 
7.06 
7.20 
7.66 
7.70 
6.40 
4.76 
4.10 
3.85 
3.65 
3.45 
3.15 
3.10 
3.85 


Ang. 


4.60 
4.20 
3.00 
3.15 
3.05 
2.80 
2.75 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.75 
5.65 
8.40 
2.90 
2.65 
2.45 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 


Sept 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.8U 
1.80 
1.80 
1.70 
1.70 


Oct. 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
LTD 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1,70 
1.70 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.00 
2.00 
2.00 
2.00 
2.00 


Nov. 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.60 
1.80 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 


Dec 


1. 
1. 
1. 
1. 
1, 
1. 
1. 
1. 
1. 
1. 


90 
90 
90 
90 
90 
90 
90 
90 
90 
90 


1-90 

3.00 

2.00 

2.00 

2.  CD 

2.00 

2.00 

2.00 

2.00 

1.90 

1.90 

I.6U 

2.00 


2, 

2. 
2. 
2. 
2, 


_ 


00 
00 
00 
00 
10 
10 
10 
10 
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NEOSHO  RIVER  AT  lOLA,  KANSAS. 

This  river  drains  a  long,  narrow  strip  in  southeastern  Kansas? 
extending  into  Indian  Territory.  The  upper  part  of  the  basin  has 
a  general  east-west  direction,  draining  the  area  immediately  south 
of  Kansas  River  and  north  of  the  headwaters  of  Verdigris  River. 
The  general  direction  of  the  river  bends  gradually  southward  between 
Emporia  and  lola,  and  that  direction  is  maintained  for  the  rest  of 
its  course.  Neosho  River  in  Indian  Territory  is  known  as  Grand 
River.  During  the  last  season  two  gaging  stations  were  maintained 
in  the  basin — one  at  lola,  the  other  at  Fort  Gibson,  near  the  mouth. 
The  former  station  was  established  in  July,  1895,  and  is  located  at  the 
highway  bridge  1  mile  west  of  the  city  of  lola,  Kansas.  The  gage  is 
fastened  to  the  head  gates  of  the  flume  about  90  feet  above  the  bridge. 
The  bench  mark  is  the  heads  of  three  large  nails  driven  into  the  cross- 
piece  of  the  flume,  and  is  13.30  feet  above  the  datum  of  the  gage. 
Results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  238;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  362;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
346.  The  following  discharge  measurements  were  made  by  E.  C.  Mur- 
phy and  W.  G.  Russell  during  1899: 

May  18,  gage  height,  2.70  feet;  discharge,  242  second-feet. 
June  9,  gage  height,  18  feet;  discharge,  27,959  second-feet. 
July  5,  gage  height,  8.20  feet;  discharge,  6,313  second-feet. 
Jnly  8,  gage  height,  16.70  feet;  discharge,  25,849  second-feet. 
October  11,  gage  height,  2.30  feet;  discharge,  316  second-feet. 

Daily  gctge  height,  in  feet  y  of  Neosho  River  at  lolay  Kansajt,  for  1899. 


Day. 
1 

Jan. 
3.00 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

X^OO* 

2.70 

8.60 

3.85 

8.10 

4.60 

2.80 

2.80 

2.70 

2.80 

2.00 

2.00 

2 

2.90 

2.60 

8.65 

3.70 

3.10 

6.20 

2.80 

2.70 

2.70 

2.80 

2.00 

2.00 

a 

2.90 

2.60 

8.60 

8.70 

8.00 

4.45 

3.00 

2.70 

2.60 

2.80 

2.00 

2.00 

4 

2.80 

2.60 

8.60 

4.20 

8.10 

4.80 

12.60 

2.70 

2.60 

2.30 

2.00 

2.00 

6 

2.80 

2.60 

8.66 

4.40 

8.10 

6.30 

8.90 

2.00 

2.60 

2.80 

2.00 

2.00 

6 

2.80 

2.60 

8.70 

4.00 

8.00 

7.96 

5.80 

2.60 

2.60 

2.80 

2.00 

2.00 

7 

2.80 

2.60 

8.7t) 

3.85 

3.10 

6.60 

14.00 

2.60 

2.60 

2.80 

2.00 

2.00 

8 

2.70 

2.60 

8.60 

3.60 

8.10 

5.55 

16.60 

3.05 

2.46 

2.30 

2.00 

2.00 

9 

2.70 

2.60 

8.50 

3.60 

8.10 

17.08 

9.80 

2.90 

2.40 

2.25 

2.00 

2.00 

10 

2.80 

2.  SO 

8.60 

3.50 

8.15 

15.70 

6.60 

2.80 

2.40 

2.20 

2.00 

2.00. 

11 

2.80 

2.60 

4.90 

3.60 

8.30 

11.40 

4.50 

2.70 

2.40 

2.20 

2.00 

2.00 

12 

2.80 

2.60 

11.05 

3.40 

3.60 

11.50 

3.76 

2.60 

2.40 

2.20 

2.00 

2.10 

13 

2.90 

2.80 

6.06 

3.40 

8.40 

9.20 

8.26 

2.50 

2.40 

2.20 

2.00 

2.10 

U 

2.90 

2.60 

6.46 

3.40 

3.40 

5.60 

8.00 

2.50 

2.40 

2.20 

2.00 

2.10 

15 

2.90 

2.70 

6.00 

3.40 

3.26 

4.75 

3.66 

2.50 

2.40 

2.20 

2.00 

2.10 

16 

2.90 

2.80 

4.50 

3.80 

8.00 

4.40 

4.65 

2.66 

2.40 

2.20 

2.00 

2.10 

17-.  .. 

2.90 

2.90 

4.86 

8.20 

2.90 

4.20 

4.80 

3.80 

2.40 

2.10 

2.00 

2.20 

18 

2.90 

2.96 

7.55 

8.20 

2.85 

4.10 

4.10 

8.00 

2.40 

2.10 

2.00 

2.20 

19 

2.80 

8.10 

5.85 

8.10 

2.85 

4.06 

3.60 

2.80 

2.40 

2.10 

2.00 

2.20 

ao 

2.80 

3.16 

5.40 

4.60 

2.90 

8.85 

8.95 

2.80 

2.40 

2.10 

2.00 

2.20 

a 

2.80 

8.20 

6.15 

4.06 

2.90 

8.70 

5.86 

2.60 

2.40 

2.10 

2.00 

2.20 

28 

2.80 

8.80 

4.66 

3.80 

2.90 

8.60 

6.40 

2.60 

2.40 

2.10 

2.00 

2.20 

23 

2.80 

8.40 

4.10 

8.75 

4.66 

8.50 

8.60 

2.60 

2.40 

2.10 

2.00 

2.10 

24 

2.80 

8.60 

8.86 

8.60 

6.60 

3.25 

8.86 

2.60 

2.40 

2.10 

2.(0 

2.10 

26 

2.80 

8.96 

8.66 

8.60 

4.90 

8.15 

8.05 

2.60 

2.40 

2.00 

2.00 

2.10 

26 

2.80 

6.96 

8.56 

8.40 

6.96 

8.10 

8.00 

2.60 

2.40 

2.00 

2.00 

2.10 

27 

2.80 

4.70 

8.70 

3.80 

6.65 

8.06 

2.86 

2.60 

2.40 

2.00 

2.00 

2.10 

28 

2.70 

8.90 

8.90 

3.20 

4.46 

8.00 

2.80 

2.60 

2.40 

2.00 

2.00 

2.10 

29 

2.70 

4.20 

8.10 

8.86 

2.90 

2.70 

2.&') 

2.40 

2.00 

2.00 

2.10 

80 

2.70 

4.20 

8.10 

8.70 

2.80 

2.70 

2.86 

2.40 

2.00 

2.00 

2.10 

31 

2.70 

8.96 

8.25 

2.70 

2.75 

2.00 

2.10 
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GRAND  RIVER  AT  FORT  QIBSON,   INDIAN  TERRITORT. 

In  its  lower  course  through  Indian  Territory  Neosho  River  is  known 
as  Grand  River.  The  station  was  established  by  W.  6.  Russell,  May 
16,  1899,  at  the  railroad  bridge  one-half  mile  north  of  the  station  at 
Fort  Gibson  and  3  miles  above  the  mouth  of  the  river.  The  rod  is 
spiked  to  the  ties  of  the  bridge.  The  initial  point  for  soundings  is 
the  left  end  of  the  bridge.  The  channel  is  straight  for  some  distance 
both  above  and  below  the  station.  The  right  bank  is  liable  to  over- 
flow, while  the  left  is  not,  being  high  and  rocky.  The  bed  of  the 
stream  is  sandy  and  shifting  at  the  right  side  and  toward  the  center. 
W.  Blackwell,  railroad  pump  man,  is  the  observer.  Two  measure- 
ments of  discharge  were  made  here' by  W.  G.  Russell  during  1899. 
The  first  one  was  on  May  16,  at  a  gage  height  of  15.00  feet,  and 
showed  a  discharge  of  19,823  second-feet;  the  second  measurement 
was  on  October  12,  with  a  gage  height  of  9.20  feet,  and  gave  a  dis- 
charge of  1,070  second-feet. 

Daily  gage  height ^  in  feet,  of  Grand  River  at  Fort  Oibson,  Indian  Territory,  for 

1899,     . 


Day. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec 

1 

13.80 
13.80 
13.80 
14.70 
13.60 
13.00 
12.90 
16.20 
16.00 
16.30 
15.20 
17.20 
19.00 
19.80 
10.60 
17.60 
16.60 
15.60 
14.50 
14.00 
14.00 
14.00 
13.80 
13.80 
13.10 
13.00 
13.00 
13.00 
13.00 
18.00 

12.80 
13.00 
13.00 
13.20 
13.70 
14.00 
14.00 
14.70 
14.80 
14.90 
15.00 
15.40 
15.90 
16.00 
16.80 
17.00 
17.00 
17. 9U 
17.90 
17.60 
17.40 
17.40 
17.00 
17.00 
16.80 
16.60 
16.00 
16.00 
15.80 
15.60 
15.40 

15.20 
15.00 
14.80 
14.90 
14.40 
14.20 
14.00 
13.90 
13.70 
13.30 
13.20 
13.00 
13.00 
12.90 
12.90 
12.80 
12.70 
12.00 
12.60 
12.40 
12.20 
12.10 
12.00 
12.00 
11.90 
11.80 
11.80 
11.60 
11.40 
11.20 
11.00 

10.90 

10.90 

10.40 

10.20 

10.20 

10.10 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

9.90 

9.80 

9.70 

9.70 

9.70 

0.60 

9.60 

9.70 

9.80 

9.80 

9.80 

0.90 

9.90 

9.90 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

0.90 

9.90 

0.80 

9.70 

9.20 

9.20 

•  9.10 

9.10 

9.10 

9.00 

9.00 

9.00 

9.00 

9.00 

0.10 

9.10 

9.10 

9.20 

9.20 

9.50 

9.60 

9.60 

9.70 

0.80 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.20 
10.40 
10.00 
11.00 

u.ao 

11.50 
u.80 
12.00 
12.00 
12.00 
12.00 
11.90 

11.00 
U.80 
11.60 
U.40 
11.10 
11.00 
10.80 
10.  SO 

ia40 
lato 
laao 

10.00 
10.00 
10.00 
10.00 
10.00 

laoD 

10.00 
10.00 

laoo 

10.00 

ia.oo 

10.00 
10.00 
10.10 
10.90 

laao 

10.40 
10.40 
10.50 
10.60 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14. 

15 

16 

15.00 
15.00 
13.60 
13.  SO 
13.40 
13.30 
.      14.30 
14.70 
15.60 
15.10 
14.80 
14.80 
14.80 
14.80 
13.80 
13.80 

17 

18 

19 

20 

21 

22 

23... 

24 

25 

26 

27 

28 

20 

30 

31 

NORTH  FORK  OF   CANADIAN   RIVER  AT  OKLAHOMA,   OKLAHOMA. 

This  stream  rises  in  the  extreme  northeast  corner  of  the  panhandle 
of  Texas.  Its  general  course  across  Oklahoma  and  Indian  Territory 
is  southeasterly,  emptying  into  the  main  Canadian  River  45  miles 
above  its  mouth.  The  basin  is  a  long,  narrow  area  located  between 
Cimarron  River  on  the  north  and  the  main  Canadian  River  on  the 
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south.  Two  gaging  stations  are  maintained  on  the  river,  one  at 
Oklahoma,  Oklahoma,  and  the  other  at  Eufaula,  Indian  Territory. 
The  former  station  was  established  by  W.  G.  Russell  May  19,  1899, 
and  is  located  at  the  highway  bridge,  east  of  the  Atchison,  Topeka 
and  Santa  Fe  Railroad  bridge,  one-half  mile  south  of  the  town.  The 
right  bank  is  high,  but  the  left  is  low  and  liable  to  overflow.  H.  E. 
Smith,  a  farmer  living  near  by,  is  the  observer.  Two  measurements 
of  discharge  were  made  by  W.  G.  Russell  during  1899,  as  follows: 
The  ftiTst,  on  May  19,  at  a  gage  height  of  5.50  feet,  gave  a  discharge  of 
395  second-feet;  the  second,  on  October  15,  at  a  gage  height  of  2.80 
feet,  showed  a  discharge  of  22  second-feet. 

Daily  gage  height,  in  feet,  of  North  Fork  of  Canadian  River  at  Oklahoma,  Okla' 

homa,  for  1899. 


Day. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

6.10 
5.90 
5.70 
6.60 
6.20 
6.50 
6.20 
6.90 
6.20 
6.90 
6  60 
8.00 
0.30 
7.80 
8.00 
11.10 
11.00 
9.40 
8.80 
8.00 
7.80 
7.20 
7.00 
6.80 
6.50 
6.10 
5.90 
5.70 
6.50 
5.30 

5.10 
5.00 
4.90 
4.80 
4.70 
4.60 
4.50 
4.60 
4.80 
4.30 
4.50 
5.00 
5.20 
5.10 
4.60 
4.50 
4.40 
6.00 
4.50 
4.30 
4.30 
5.00 
4.80 
6.00 
6.30 
7.50 
7.60 
8.50 
0.60 
10.20 
10.30 

9.30 
8.60 
*  8.00 
7.60 
7.10 
6.90 
6.20 
5.90 
5.60 
5.40 
5.30 
6.20 
5.00 
4.90 
4.80 
4.70 
4.60 
4.40 
4.30 
4.30 
4.20 
4.10 
4.00 
3.11 
3.10 
3.90 
3.80 
3.70 
3.00 
3.  .50 
3.40 

3.30 
3.20 
3.30 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.30 
3.20 
3.10 
3.10 
3.00 
3.00 
3.00 
8.00 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.60 
3.00 
3.60 
3.40 
3.30 
3.30 
3.30 

3.10 
3.10 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
280 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.60 
2.00 
2.90 
3.00 
3.50 
4.00 
3.00 
4.00 
3.70 

3.40 
3.80 
3.10 
3.10 
3.30 
3.50 
3.60 
3.60 
3.70 
3.70 
3.70 
3.80 
3.90 
4.00 
4.20 
4.60 
5.00 
5.20 
6.00 
12.10 
13.60 
13.60 
12.60 
7.90 
6.00 
5.90 
5.80 
5.70 
5.60 
5.00 

5.50 
5.50 
5.40 
5.30 
5.20 
5.10 
5.00 
4.10 
5.20 
5.10 
4.90 
4.80 
4.70 
4.60 
4.50 
4.40 
4.40 
4.40 
4.30 
4.80 
4.00 
4.60 
4.50 
4.40 
4.30 
4.30 
4.20 
4.20 
4.10 
4.10 
4.20 

2 

8 

4 

• 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

5.50 
5.40 
5.80 
6.20 
6.20 
6.10 
5.00 
6.70 
6.40 
IS.  40 
6.20 
5.80 
6.20 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

30 

31    

NORTH   FORK  OF  CANADIAN  RIVER  AT  EUFAULA,  INDIAN  TERRITORY. 

This  st'ation  was  established  by  W.  G.  Russell  May  17,  1899,  and  is 
located  at  the  railroad  bridge  of  the  Missouri,  Kansas  and  Texas 
Railroad,  5  miles  above  the  mouth  of  the  river  and  2  miles  north  of 
the  town  of  Eufaula.  The  channel  is  straight  for  some  distance  both 
above  and  below  the  station.  The  right  bank  is  high,  but  the  left 
bank  is  low  and  liable  to  overflow.  The  bed  of  the  stream  is  sandy 
and  shifting.  H.  Erwin,  railroad  pump  man,  is  the  observer.  Two 
measurements  of  discharge  were  made  during  1809  by  W.  G.  Russell: 
The  first,  on  May  17,  with  a  gage  height  of  24.00  feet,  gave  a  discharge 
of  19,072  8econd-f(^et;  the  second,  on  October  13,  with  a  gage  height 
of  9.50  feet,  gave  a  discharge  of  154  second-feet, 
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Daily  ffoge  height^  in  feet,  of  North  Fork  of  Canadian  River  at  EufatUa^  Indian 

Territory y  for  1899. 


Day. 

May. 

Jane. 

July. 

Ang. 

Sept 

Oct. 

Nov. 

Dec 

I .'.... 

12.00 
12.00 
11.60 
U.OO 
11.60 
10.00 
10.60 
11.60 
11.60 
12.00 
14.00 
14.00 
13.00 
U.OO 
12.00 
13.00 
14.00 
15.00 
17.00 
20.00 
20.00 
19.00 
16.00 
13.00 
12.60 
12.00 
11.60 
11.60 
U.OO 
11.60 

11.60 
11.60 
11.50 
U.OO 
U.OO 
10.60 
10.50 
10.60 
10.60 
10.60 
U.OO 
11.60 
12.00 
12.60 
12.60 
11.60 
U.OO 
10.60 
U.OO 
12.60 
13.00 
13.00 
14.00 
16.00 
18.00 
11.50 
U.OO 
U.OO 
12.00 
12.00 
12.00 

12.00 
11.00 
11.00 
11.50 
12.00 
12.00 
12.00 
12.00 
11.60 
U.OO 
11.50 
11.60 
11.50 
11.60 
11.60 
11.40 
U.OO 
U.OO 
U.OO 
U.OO 
U.OO 
U.OO 
10.80 
10.80 
«      10.80 
10.80 
10.80 
10.70 
10.70 
10.60 
10.60 

10.50 
10.60 
10.50 
10.60 
10.30 
10.40 
10.40 
10.30 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

10.00 
9.80 
9.80 
9.60 
9.50 
9.60 
9.60 
9.50 
9.50 
9.60 
9.60 
9.50 
9.60 
9.60 
9.60 
9.40 
9.40 
9.50 
9.50 
9.40 
9.40 
9.80 
9.20 
9.20 
9.30 
9:30 
9.00 
10.20 
10.00 
10.00 
10.00 

10.00 

9.80 

9. 70 

9.60 

9.60 

9.60 

9.50 

9.40 

9.40 

9.40 

9.30 

9.40 

9.40 

9.40 

9.30 

9.20 

9.20 

9.20 

9.20 

9.20 

9.50 

9.60 

10.60 

10.70 

12.00 

12.60 

12.60 

12.50 

12.30 

12.30 

1 

11.50    ' 

2 

11.60 

8 

11.50 

4 

11.60    1 

5 

11.50 

6 

U.60    < 

7 

11.50    . 

8 

11.50    ' 

9 

11.50 

10 

11.50 

U 

11.60 

12 

U.60 

13 

11.40 

14 

U.40 

16 

10.40 

16 

10.40    ' 

17 

24.00 
28.60 
28.00 
22.60 
21.30 
20.60 
19.90 
20.60 
19.00 
18.60 
18.00 
17.60 
15.00 
12.60 
12.00 

10.30    . 

18 

in..w 

19 

U.OO 

20 

U.OO    • 

21 

U.OO    • 

22 

11.4() 

23 

11.60 

24 

26 

U.60  , 
11.60 

26 

11.50    ! 

27 

11.30    1 

28 

11.  OD    ' 

20 

10.00 

30 

10.00 

31 

9.60    t 

WASHITA  RIVER  AT  PAULS  VALLEY,  INDIAN  TERRITORY. 

This  river  rises  in  the  eastern  edge  of  the  Texas  Panhandle,  imme- 
diately  south  of  Canadian  River.  Its  general  direction  is  southeast- 
erly through  Oklahoma  Territory,  and  then  into  Indian  Territory, 
emptying  into  Red  River  about  11  miles  above  the  crossing  of  the 
Missouri,  Kansas  and  Texas  Railroad.  The  gaging  station  was  estab- 
lished by  W.  G.  Russell  on  May  20,  1899,  and  is  located  at  the  high- 
way bridge,  2  miles  east  of  the  town  of  Pauls  Valley,  Indian  Territory. 
The  channel  is  straight  for  some  distance  above  and  below  the  station ; 
the  right  bank  is  low  and  liable  to  overflow,  but  the  left  bank  is  high. 
The  bed  of  the  stream  is  sandy  and  shifting.  Two  measurements  of 
discharge  were  made  at  this  point  by  W.  G.  Russell  in  1899:  The  first, 
on  May  20,  with  a  gage  height  of  8.50  feet,  gave  a  discharge  of  G84 
second-feet;  the  second,  made  on  October  15,  at  a  gage  height  of  4.60 
feet,  gave  a  discharge  of  96  second-feet. 
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Daily  gage  height  ^  in  feet,  of  Washita  River  at  Pauls  Valley ,  Indian  Territory, 

for  1899, 


Day. 

May. 

June. 

July. 

Aug. 

12.80 
9.90 
890 
820 
7.80 
7.70 
7.70 
7.60 
7.20 
7.00 
7.80 
6.80 
6.70 
6.60 
6.50 
6.80 
6.10 
6.00 
6.00 
5.90 
5.80 
5.70 
5.70 
5.80 
5.70 
5.70 
5.50 
5.50 
5.50 
5.40 
5.40 

Sept. 

Oct. 

Nov. 

Dec. 

1 

7.60 

6.80 

6.£0 

6.50 

6.20 

6.40 

7.80 

8.80 

7.70 

7.50 

9.40 

8.80 

9.00 

9.50 

10.70 

11.50 

12.70 

16.20 

15.70 

13.70 

12.20 

11.40 

10.50 

9.10 

8.20 

8.00 

7.80 

7.80 

7.50 

7.80 

7.30 
7.20 
7.00 
7.00 
7.00 
6.90 
6.80 
8.90 
9.50 
8.50 
7.70 
7.00 
6.90 
9.00 
9.10 
8.50 
8.00 
7.60 
8.90 
8.00 
7.50 
8.90 
9.00 
9.50 
9.80 
9.40 
8.30 
7.80 
9.80 
12.70 
14.00 

5.40 
5.40 
6.30 
6.10 
5.00 
5.00 
5.00 
4.90 
5.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
5.00 
5.20 
5.70 
5.50 
5.40 
6.20 
5.20 
5.00 
6.00 
6.70 
5.50 
5.80 
5.30 
5.20 

5.10 
5.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.60 
4.50 
4.60 
4.60 
4.60 
4.00 
4.50 
4.50 
4.50 
4.50 
4.50 
4.60 
4.70 
5.00 
6.00 
7.60 
6.50 
6.40 
6.30 

6.00 

5.80 

5.50 

5.40 

5.30 

6.20 

6.10 

6.00 

4.90 

4.80 

4.80 

4.80 

4.80 

4.80 

4.70 

4.70 

4.80 

7.00 

14.55 

20.70 

20.70 

19.80 

19.05 

15.75 

14.25 

15.60 

16.50 

18.90 

11.30 

9.00 

8.50 
8.00 
7.80 
7.60 
7.60 
7.40 
7.00 
6.80 
7.00 
7.40 
7.40 
7.50 
7.60 
7.50 
8.00 
8.00 
7.40 
7.50 
7.20 
7.00 
6.80 
6.50 
6.00 
6.60 
6.40 
6.30 
6.60 
6.50 
6.50 
6.40 
6.00 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

8.50 
7.90 
7.80 
7.40 
7.40 
7.20 
7.00 
6.90 
6.80 
6  80 
7.00 
7.70 

22 

23 

24 

26 

26 

27 ^.... 

28 

29 

30 

31 

TRINITY  RIVER  AT  DALLAS,   TEXAS. 

This  river  rises  in  Montague  and  Cooke  counties,  in  northern 
Texas,  the  headwater  streams  draining  the  area  within  a  few  miles  of 
Red  River  on  the  north.  The  general  course  of  Trinity  River  is 
southeasterly,  and  it  empties  into  the  Gulf  of  Mexico  at  Galveston. 
The  entire  basin  is  located  in  Texas.  The  station,  established  Octo- 
ber 1,  1898,  is  located  at  Turtle  Creek  pump  house,  3  miles  north  of 
the  court-house  in  Dallas.  ITie  height  of  the  water  is  indicated  by 
H  pointer  which  slides  up  and  down  in  the  well  of  the  pump  house. 
This  well  is  connected  with  the  river  by  a  pipe.  Measurements  of  dis- 
charge are  made  by  wading.  The  channel  is  practically  straight  above 
and  below  the  point  of  measurement.  The  right  bank  is  high,  the  left 
bank  low  and  liable  to  overflow.  The  bed  of  the  stream  is  of  gravel 
and  shifting.  There  was  no  discharge  of  the  river  from  June  22  to 
October  30.  Three  discharge  measurements  were  made  during  1899 
by  Thomas  U.  Taylor,  as  follows:  The  first  one,  on  June  20,  at  a 
gage  height  of  57  feet,  gave  a  discharge  of  269  second-feet;  June  22, 
a  gage  height  of  53.30  feet  gave  a  discharge  of  0  second-feet;  the 
third  measurement  was  on  December  29,  at  a  gage  height  of  56.60 
feet,  and  gave  a  discharge  of  336  second-feet. 
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Daily  gage  lieight,  in  feet  ^  of  Trinity  River  at  Dallas,  Texcui^for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec  ' 

1 

1 

55.50 

55.25 

55.50 

54.20 

57.45 

65.50 
56.40 

64.60 

56.30 

52.65 

50.35 

60.25 

50.75 

2 

55.40 

54.90 

55.85 

54.20 

56.  a5 

63.25 

55.75 

52.25 

50.35 

00.45 

56.70 

3 

55.40 

54.55 

55.80 

54.20 

56.00 

65.30 

58.60 

55.45 

61.80 

50.00 

60.55 

56.45 

4 

55.40 

54.(0 

55.45 

54.20 

56.30 

55.20 

50.05 

55.20 

61.40 

50.25 

56.80 

56.25 

5 

55.30 

54.60 

55.45 

54.30 

55.85 

55.20 

63.20 

55.20 

51.05 

49.05 

57.30 

56.05 

B 

55.25 

54.95 

55.00 

54.80 

55.70 

55.15 

73.35 

54.95 

50.25 

60.30 

56.05 

56.  (R) 

7 

55.15 

54.86 

54.40 

54.65 

57.10 

55.00 

69.60 

64.80 

51.15 

50.20 

55.70 

56.00 

8 

55.30 

54.65 

54.65 

54.50 

57.50 

56.00 

59.45 

54.80 

51.05 

50.25 

20.55 

56.  UD 

9 

55.65 

&I.65 

54.45 

54.50 

58.75 

54.05 

57.26 

54.75 

50.80 

50.25 

55.40 

56.05 

10 

55. 55 

54.80 

5:196 

54.50 

61.10 

65.60 

56.75 

54.65 

40.80 

50.30 

55.30 

56.30 

11 

55. 75 

54.40 

53.90 

54.70 

59.00 

56.45 

56.55 

54.55 

51.05 

50.35 

55.15 

66.35 

12 

55.65 

54.25 

53.90 

54.95 

69.75 

61.70 

66.30 

54.76 

51.20 

50.30 

54.05 

57.75 

13 

56.30 

54.45 

54.10 

55.00 

58.05 

62.55 

56.20 

54.60 

61.15 

49.75 

54.95 

50.80 

U 

59.10 

54.55 

54.55 

54.65 

67.55 

58.75 

56.45 

54.50 

51.00 

60.25 

54.95 

61.20 

15 

58.15 

54.96 

54.35 

54.95 

57.70 

57.96 

56.05 

54.40 

51.15 

50.  ao 

54.05 

61.80 

16 

57.50 

54.45 

54.10 

56.80 

67.70 

57.66 

55.70 

54.35 

60.95 

60.30 

55.00 

00.60 

17 

56.85 

54.80 

54.00 

56.70 

57.75 

59.65 

56.40 

54.35 

61.35 

50.05 

54.00 

58.85 

18 

60.45 

54.55 

54.65 

67.10 

58.00 

61.10 

55.30 

54.40 

^1.40 

50.00 

54.25 

57.55 

19 

56.05 

54.90 

54.40 

56.60 

57.80 

58.25 

55.45 

54.20 

50.35 

50.00 

54.05 

56.85 

20 

55.70 

54.45 

54.00 

56.80 

56.95 

67.20 

55.80 

53.75 

50.65 

50.00 

58.20 

56.50 

21 

56.55 

54.30 

53.95 

55.90 

66.80 

58.20 

55.30 

63.40 

51.30 

40.00 

67.30 

56.50 

22 

55.45 

54.75 

54.25 

55.65 

56.80 

58.40 

58.25 

53.05 

51.30 

40.80 

71.05 

57.30 

23 

55.50 

54.40 

54.10 

55.50 

56.80 

.58.55 

57.50 

52.75 

51.40 

40.8(t 

65.45 

57.70 

24 

55.55 

54.05 

54.05 

65.55 

57.00 

58.60 

57.30 

52.40 

51.10 

40.80 

68.75 

58.40 

26 

55.40 

54.50 

54.15 

55.60 

57.95 

57.90 

56.65 

62.00 

50.38 

40.80 

64.30 

57.35 

26 

55.15 

54.40 

54.20 

67.30 

58.00 

56.95 

56.20 

51.55 

49.80 

49.80 

68.10 

57.15 

27 

55.00 

54.20 

54.25 

58.30 

58.00 

56.40 

55.80 

51.86 

50.25 

40.80 

71.00 

57.25 

28 

55.20 

54.05 

54.45 

58.55 

57.60 

56.00 

57.10 

52.00 

50.15 

40.95 

74.55 

56.  ai 

29 

55.30 

54.30 

68.55 

56.  &5 

56.90 

56.45 

52.15 

50.00 

50.15 

76.  (JO 

.56.55 

30 

55.25 

54. :» 

58.00 

55.85 

59.20 

55.85 

52.35 

50.10 

53. 10 

74.45 

56.40 

31 

56.30 

54.20 



55.65 

56.10 

.'52.50 

50.  .10 

BRAZOS  RIVER  AT  WACO,  TEXAS. 

This  river  has  its  source  in  the  Staked  Plains  region  of  west-em 
Te.xas,  and  has  a  general  southeasterly  course,  emptying  into  the 
Gulf  of  Mexico  soutli  of  tlie  mouth  of  Trinity  River.     Its  drainage 
basin  is  entirely  within  the  State  of  Texas.      The  gaging  station, 
established  l)y  T.  U.  Taylor  September  14,  1808,  is  locat.ed  at  the 
Austin  street  bridge,  northwest  of  Waco.     The  gage  is  inclined,  the 
channel  straiglit,  and  tlie  banks  high.     The  beil  of  the  stream  is  of 
shifting  sand.     Mejisurements  of  discharge"-  have  been  made  under 
the  suspension  bridge  alM^ve  the  railroad  bridge.     Under  the  foniier, 
at  low  water,  is  a  sand  bar,   which  does  not,   however,   affect   the 
reliability  of  the  measurements,  iis  there  are  then  two  distinct  chan- 
nels.    Thi*ee  measurements  of  discharge  were  made  in  1899  by  Thomas 
U.  Taylor:  The  first,  on  June  19,  at  a  gage  height  of  18.50  feet,  showed  a 
discharge  of  58,700  second-feet;  the  measui-ement  of  June  26,  at  a 
gage  height  of  G.90  feet,  gave  a  discharge  of  4,430  second-feet;  while 
the  third  measurement,  on  December  30,  at  a  gage  height  of  4.90  feet, 
showed  a  discharge  of  2,085  second-feet. 
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DaUy  gage  height,  in  feet,  of  Brazos  River  at  Waco,  Texas,  for  1899. 


D*y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.70 

2.80 

2.20 

1.80 

2.10 

6.00 

al5.00 

6.80 

2.45 

1.10 

7.10 

6.30 

2 

2.85 

2.85 

2.25 

1.90 

2.06 

6.46 

17.00 

6.00 

2.40 

1.10 

6.65 

4.90 

3 

2.60 

2.40 

2.20 

1.90 

2.00 

4.75 

13.45 

4.90 

2.80 

1.10 

6.10 

4.46 

4 

2.60 

2.40 

2.20 

1.90 

2.40 

4.25 

11.25 

4.70 

2.40 

2.00 

5.65 

4.20 

6 

2.60 

2.40 

2.16 

1.90 

2.70 

4.00 

14.85 

4.20 

2.30 

2.00 

6.80 

4.05 

6 

2.60 

2.86 

2.10 

2.20 

2.70 

8.70 

12.60 

3.95 

2.80 

2.00 

6.00 

8.95 

7 

2.60 

2.40 

2.10 

2.10 

2.60 

3.85 

12.20 

8.75 

2.80 

2.00 

4.76 

3.85 

8 

2.60 

2.25 

2.00 

2.10 

2.60 

7.40 

10.10 

3.60 

3.30 

1.90 

4.85 

3.85 

9 

2.  SO 

2.25 

2.20 

2.10 

2.65 

10.30 

9.00 

3.60 

2.30 

1.90 

4.10 

3.95 

10 

2.60 

2.40 

2.05 

2.10 

8.15 

9.46 

8.40 

8.50 

2.20 

1.95 

3.85 

4.26 

11 

2.60 

2.40 

2.00 

2.05 

6.10 

7.95 

8.86 

3.40 

2.15 

1.95 

3.70 

6.46 

U» 

2.60 

2.80 

1.95 

1.95 

6.25 

7.40 

7.60 

3.80 

2.10 

1.90 

8.60 

9.76 

13 

2.60 

2.80 

1.90 

1.80 

6.75 

7.10 

6.95 

3.30 

2.10 

1.90 

8.60 

8.60 

14 

2.60 

2.80 

2.00 

1.90 

4.70 

6.60 

6.60 

3.15 

2.10 

1.90 

3.40 

7.66 

16 

2.60 

2.80 

2.00 

6.90 

4.05 

6.80 

6.25 

3.10 

2.10 

1.90 

8.30 

6.70 

16 

2.46 

2.80 

2.00 

2.75 

4.20 

6.60 

5.90 

3.00 

2.05 

1.90 

8.30 

6.00 

17 

2.40 

2.40 

2.00 

2.65 

4.80 

10.00 

6.70 

8.00 

2.10 

1.90 

8.15 

6.80 

18 

2.40 

2.40 

2.00 

2.60 

6.20 

6.65 

6.65 

2.95 

2.15 

1.90 

8.10 

6.70 

19 

2.46 

2.40 

2.10 

2.45 

6.66 

18.60 

5.40 

2.90 

2.10 

1.90 

3.80 

6.16 

20 

2.60 

2.85 

1.95 

2.40 

4.80 

20.70 

6.30 

2.80 

2.10 

1.90 

5.90 

4.95 

21 

2.60 

2.80 

1.90 

2.86 

4.20. 

18.05 

6.16 

2.80 

2.30 

1.90 

19.86 

6.86 

22 

2.66 

2.80 

1.90 

2.80 

4.10 

10.25 

6.00 

2.70 

2.65 

1.90 

31.85 

9.40 

23 

2.40 

2.80 

1.80 

2.80 

8.75 

9.10 

5.80 

2.70 

2.46 

1.90 

11.85 

6.66 

24 

2.60 

2.80 

1.90 

2.20 

4.60 

8.20 

9.95 

2.70 

2.40 

1.90 

8.90 

6.20 

26 

2.60 

2.80 

1.80 

2.20 

6.40 

7.36 

9.00 

2.60 

2.80 

1.95 

8.40 

6.10 

28 

2.40 

2.80 

1.90 

2.16 

6.86 

6.85 

8.80 

2.55 

2.40 

2.25 

7.26 

6.75 

27 

2.40 

2.80 

1.90 

2.20 

5.46 

6.80 

7.25 

2.60 

2.40 

3.65 

6.70 

6.60 

28 

2.40 

2.20 

1.90 

2.20 

5.05 

6  10 

6.60 

2.60 

2.36 

2.60 

6.20 

6.05 

29 

2.86 

«*«■»•  • 

1.86 

2.10 

6.00 

09.00 

6.10 

2.60 

2.20 

9.16 

6.60 

4.95 

30 

2.40 

1.80 

2.06 

7.36 

al3.00 

6.90 

2.60 

U.00 

5.46 

4.85 

81 

2.80 

1.80 

6.60 

6.70 

2.60 

8.80 

4.70 

a  Estimated. 


BRAZOS  RIVER  AT  LEWIS,   TEXAS. 

This  station,  established  by  Thomas  U.  Taylor  February  22,  1898; 
is  at  the  International  and  Great  Northern  Railroad  bridge  about  1:^ 
miles  southwest  of  the  town  of  Lewis,  Texas,  and  about  75  miles  below 
the  station  at  Waco.  After  the  establishment  of  the  Waco  station 
the  one  at  Lewis  was  not  of  much  importance,  and  was  discontinued 
February  25,  1890.  No  measurements  of  discharge  were  made  here 
during  1899. 

DaUy  gage  lieight,  in  feet,  of  Brazos  River  at  Ijcxvis,  Texa^,  for  1890, 


Day. 

Jan. 

Feb. 
4.80 

Day. 

Jan. 

Feb. 

Day. 

1 
Jan. 

Feb. 

Day. 

Jan. 
4.80 

Fob. 
4.30 

1.... 

4.40 

9... 

4.60 

4.30 

17... 

4.60 

4.30 

35.. 

2.... 

4.40 

4.26 

10... 

4.60 

4.30 

18... 

4.46 

4.30 

26... 

4.26 

3.... 

4.35 

4.20 

11... 

4.80 

4.30 

19... 

4.40 

4.20 

27... 

4.20 

4... 

4.80 

4.30 

13... 

5.15 

4.20 

20... 

4.40 

4.20 

28... 

4.16 

6.... 

4.40 

4.30 

13... 

6.45 

4.20 

21... 

4.40 

4.20 

29... 

4.05 

6... 

4.70 

4.10 

14... 

6.35 

4.20 

32... 

4.35 

4.30 

30... 

4.16 

7.... 

4.66 

4.15 

16... 

6.10 

4.30 

33... 

4.35 

4.20 

31... 

4.80 

8.... 

4.60 

4.20 

16... 

4.85 

4.20 

34... 

4.30 

4.30 

Station  discontlnaed  February  36. 
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COLORADO  RIVER  AT  AUSTIN,  TEXAS. 

This  river  drains  a  large  area  in  central  Texas.  It  rises  in  the 
extreme  western  portion  of  the  State,  within  a  few  miles  of  the  western 
boundary  of  New  Mexico,  and  flows  in  a  general  southeasterly  direc- 
tion, emptying  into  the  Gulf  of  Mexico  in  Matagorda  County.  Its 
head-water  tributaries  drain  the  country  immediately  south  of  the 
Brazos  River.  Llano  Creek  is  a  tributary  of  Colorado  River  and 
empties  into  it  85  miles  above  Austin.  On  March  14, 1899,  this  stream 
was  measured  one-half  mile  west  of  the  station  at  Llano,  Texas,  and 
showed  a  discharge  of  76  second-feet;  a  second  measurement  was 
made  below  on  this  creek,  200  yards  above  its  junction  with  the  Col- 
orado River  at  Kingsland,  on  the  same  date,  which  also  showed  a 
discharge  of  76  second-feet.  On  March  13  the  main  Colorado  River, 
at  a  short  distance  below  the  wagon  bridge  near  Marble  Falls,  Texas, 
showed  a  discharge  of  197  second-feet.  The  river  was  also  measured 
four  times  at  the  head  of  Lake  McDonald,  about  20  miles  above 
Austin.  On  January  31  it  showed  a  discharge  of  210  second-feet;  on 
October  3  the  discharge  was  134  second-feet;  on  October  4  the  dis- 
charge was  also  134  second-feet;  and  on  the  same  date,  at  another 
section  near  by,  the  discharge  was  136  second-feet.  On  March  15  two 
measurements  were  made  at  the  power  house  at  the'Austin  dam.  The 
first  measurement  was  in  the  fore  bay,  and  showed  a  discharge  of  20H 
second-feet;  immediately  afterwards  the  tailrace  was  measured  and 
showed  a  discharge  of  233  second-feet.  The  station  maintained  dur- 
ing 1899  is  located  at  the  Congress  avenue  bridge,  south  of  the  city 
of  Austin.  The  gage  rod  is  a  vertical  timber  attached  to  a  bath 
house  near  by.  The  bench  mark  is  on  the  first  fiange  above  the  crib- 
work  of  the  north  pier  of  the  highway  bridge,  and  is  4.78  feet  above 
the  zero  of  the  gage.  The  following  measurements  of  discharge  were 
made  by  Thomas  U.  Taylor  during  1899 :  . 

March  17,  gage  height,  1.70  feet;  discharge,  367  second-feet. 
March  31,  gage  height,  1.50  feet;  discharge,  170  second-feet. 
November  10,  gage  height,  1.71  feet;  discharge,  476  second-feet. 
November  16,  gage  height,  1.50  feet;  discharge,  386  second-feet. 
November  28,  gage  height,  2.36  feet;  discharge,  1,156  second-feet. 
December  5,  gage  height,  2.02  feet;  discharge,  686  second-feet. 
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Daily  gage  height,  in  feet  ^  of  Colorado  River  at  Austin^  Teaoas^  for  1899, 


Day. 

Jan. 

Feb. 
2.00 

Mar. 

Apr. 

May. 

June. 

July. 

'Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

1.90 

1.86 

1.46 

2.05 

3.60 

3.85 

3.10 

1.46 

1.05 

2.80 

2.65 

2 

1.85 

1.95 

1.85 

1.46 

2.05 

3.20 

3.35 

2.46 

1.46 

1.06 

2.85 

2.60 

3 

1.85 

1.90 

1.76 

1.45 

2.00 

2.95 

3.56 

2.30 

1.46 

.90 

2.10 

2.60 

4 

1.05 

2.05 

1.85 

1.46 

2.10 

3.66 

8.60 

1.96 

1.46 

.85 

2.10 

2.20 

5 

1.05 

1.95 

1.86 

1.66 

2.00 

3.16 

3.66 

1.80 

1.46 

.90 

1.95 

2.05 

6 

1.95 

1.90 

1.85 

1.60 

2.05 

2.85 

3.46 

1.70 

1.40 

.90 

1.95 

2.05 

7 

1.86 

1.90 

1.90 

1.50 

1.95 

11.35 

3.15 

1.75 

1.40 

.85 

2.00 

2.05 

8 

1.95 

1.86 

1.80 

1.46 

1.86 

21.05 

2.95 

1.75 

1.40 

.80 

1.90 

2.40 

9 

1.95 

1.90 

1.85 

1.46 

1.95 

17.60 

3.60 

1.66 

1.40 

.85 

1.80 

2.75 

10 

1.95 

1.90 

1.80 

1.46 

2.00 

14.76 

3.25 

1.66 

1.85 

.90 

1.76 

8.46 

11 

1.05 

1.90 

1.76 

1.46 

2.00 

9.00 

3.00 

1.65 

1.85 

.90 

1.70 

6.40 

12 

2.05 

2.10 

1.76 

1.46 

4.10 

5.30 

2.80 

1.66 

1.35 

.90 

1.66 

6.85 

13 

1.95 

1.95 

1.75 

1.50 

7.95 

4.46 

2.66 

1.55 

1.35 

.90 

1.60 

4.80 

U 

1.90 

1.80 

1.76 

1.65 

7.10 

4.10 

2.50 

1.66 

1.35 

.90 

1.65 

3.70 

16 

1.85 

1.75 

1.80 

1.50 

6.80 

3.00 

2.30 

1.65 

1.36 

.90 

1.60 

8.35 

16 

1.90 

1.80 

1.80 

1.50 

4.55 

8.76 

2.16 

1.56 

1.35 

.90 

1.66 

8.05 

17 

1.90 

1.85 

1.75 

1.66 

8.85 

4.40 

2.05 

1.65 

1.85 

.85 

1.50 

2.85 

18 

1.95 

1.80 

1.75 

1.66 

8.40 

6.90 

2.00 

1.56 

1.35 

.95 

1.46 

2.70 

19 

1.95 

1.75 

1.76 

1.80 

3.20 

6.60 

2.00 

1.65 

1.30 

1.46 

1.76 

2.60 

20 

1.90 

1.75 

1.70 

1.90 

3.00 

6.16 

2.00 

1.66 

1.30 

.95 

2.00 

2.65 

21 

1.90 

1.75 

1.65 

3.95 

2.75 

4.90 

1.90 

1.65 

1.25 

.90 

6.36 

2.75 

22 

1.90 

1.7> 

1.65 

3.80 

2.46 

6.00 

1.85 

1.66 

1.25 

.90 

6.35 

2.90 

28 

1.90 

1.85 

1.60 

3.45 

4.20 

6.15 

1.80 

1.65 

1.15 

.90 

4.56 

4.06 

24 

1.90 

1.9U 

1.60 

3.05 

4.05 

4.15 

1.80 

1.65 

1.16 

1.40 

6.66 

8.90 

26 

1.95 

1.85 

1.60 

2.86 

4.75 

3.76 

1.76 

1.65 

I.JO 

1.85 

3.00 

8.40 

28 

1.90 

1.86 

1.60 

2.66 

4.50 

8.45 

2.35 

1.55 

1.16 

1.46 

2.66 

8.06 

27 

1.90 

1.86 

1.00 

2.65 

6.05 

3.16 

2.46 

1.55 

1.16 

1.65 

2.65 

2.85 

28 

1.90 

1.75 

1.60 

2.46 

4.86 

2.95 

2.20 

1.65 

1.16 

2.30 

2.36 

2.76 

20 

1.90 

1.55 

2.85 

4.10 

2.85 

3.30 

1.65 

1.16 

3.85 

2.85 

2.70 

30 

1.90 

1.46 

2.25 

3.70 

2.76 

4.25 

1.66 

1.05 

2.90 

2.95 

2.65 

81 

1.95 

1.50 

8.35 

3.00 

1.55 

3.10 

GUADALUPE   RIVER  AT  NEW  BRAUNFELS,  TEXAS. 


This  river  drains  a  small  area  in  central  Texas.  Its  source  is  in 
Kerr  County,  and  it  has  a  general  southeasterly  direction,  emptying 
into  the  Gulf  of  Mexico  in  Calhoun  County.  At  New  Braunfels  it 
receives  Comal  River,  which  is  the  principal  source  of  supply  for  the 
upper  Guadalupe.  Comal  River  is  simplj^  the  outlet  of  a  series  of 
large  springs  near  New  Braunfels  and  is  only  about  3  miles  long. 
These  springs  maintain  a  very  constant  flow  throughout  the  entire 
year.  Comal  River  is  described  in  Bulletin  140,  page  84.  The  gaging 
station  at  New  Braunfels  is  about  1  mile  east  of  the  town,  near  the  high- 
way bridge,  and  below  the  International  and  Great  Northern  Rail- 
road bridge,  and  was  established  March  13, 1898.  It  is  located  below 
the  mouth  of  Comal  River,  and  hence  includes  the  flood  waters  of  the 
main  Guadalupe  besides  the  very  equable  discharge  of  Comal  River. 
Two  measurements  of  discharge  were  made  by  Thomas  IT.  Taylor 
during  1899:  The  first,  on  March  16,  with  a  gage  height  of  1.80, 
showed  a  total  discharge  of  the  two  channels  of  358  second-feet ;  the 
second  one,  on  December  23,  with  a  gage  height  of  2.70  feet,  gave  a 
discharge  of  797  second-feet. 
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Daily  gage  height^  in  feet^  of  Guadalupe  River  at  New  BraunfeiU,  Texas^  for  1S99, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
1.80 

May. 

Jane. 

July. 

Ang. 

Sept.' 

Oct. 

Nov. 

Dec 

1 

1.80 

1.80 

1.80 

1.80 

1.00 

3.65 

2.00 

1.80 

1.70 

2.40 

2.00 

2 

1.80 

1.80 

1.80 

1.80 

1.80 

1.90 

2.65 

2.00 

1.80 

1.70 

2.30 

2.00 

3 

1.80 

1.80 

1.80 

1.80 

1.80 

1.85 

2.45 

1.00 

1.80 

1.70 

2.05 

2.O0 

4 

1.80 

1.80 

1.80 

1.80 

2.15 

1.80 

2.35 

1.90 

1.80 

1.70 

2.00 

LOO 

5 

1.80 

1.80 

1.80 

1.85 

2.06 

1.80 

2.00 

1.90 

1.80 

1.70 

2.00 

LOO 

6 

1.80 

1.80 

1.80 

1.90 

1.85 

3.85 

2.60 

1.00 

1.80 

l.TO 

2.00 

LOO 

7... 

1.80 

1.80 

1.80 

1.80 

1.80 

8.25 

2.50 

1.90 

1.80 

1.711 

l.OO 

LOS 

8 

1.80 

1.80 

1.80 

1.80 

1.80 

16.00 

2.45 

1.90 

1.80 

1.70 

1.90 

2.65 

».... 

1.80 

1.80 

1.80 

1.80 

1.80 

8.00 

2.30 

1.85 

1.80 

1.70 

LOO 

2.00 

10 

1.80 

1.80 

1.80 

1.80 

1.80 

4.20 

2.30 

1.80 

1.80 

1.70 

1.00 

2.30 

U 

1.81) 

1.80 

1.80 

1.80 

2.65 

8.56 

2.25 

1.80 

1.80 

1.70 

1.90 

2.90 

12... 

I.  HO 

1.80 

1.80 

1.80 

2.10 

3.10 

2.20 

1.80 

1.80 

1.70 

1.90 

2.» 

13.-.- 

1.80 

1.80 

1.80 

1.80 

l.«5 

3.45 

2.10 

1.80 

1.80 

1.70 

1.00 

2.10 

U.--- 

l.HI» 

1.80 

1.80 

1.80 

1.90 

8.00 

2.10 

1.80 

1.80 

1.70 

1.90 

2.10 

15 

1.80 

1.80 

1.8i) 

1.85 

1.90 

2.75 

2.10 

1.80 

1.80 

1.70 

1.90 

2.00 

16.... 

1.80 

1.80 

1.80 

1.85 

1.90 

2.55 

2.10 

1.80 

1.80 

1.70 

1.90 

2.00 

17 

1.80 

1.80 

1.80 

1.80 

1.90 

4.45 

2.00 

1.80 

1.80 

1.70 

1.80 

2.00 

18 

1.80 

1.80 

1.80 

1.80 

1.00 

3.05 

2.00 

1.80 

1.80 

1.70 

1.80 

S.10 

19 

i.ao 

1.80 

1.80 

1.80 

1.80 

3.15 

2.00 

1.80 

1.80 

1.70 

1.90 

2.25 

20 

1.80 

1.80 

1.80 

1.05 

1.80 

2.85 

1.90 

1.80 

1.80 

L70 

2.15 

2.40 

21 

1.80 

1.80 

1.80 

2.45 

1.80 

2.00 

1.90 

1.80 

1.80 

1.90 

2.10 

2.06 

22 

1.80 

1.80 

1.80 

2.20 

1.80 

2.50 

1.90 

1.80 

1.80 

2.00 

2.10 

2.W 

28 

1.80 

1.80 

1.80 

2.00 

4.20 

2.46 

1.90 

1.80 

1.80 

2.00 

2.30 

2.70 

24 

1.80 

1.80 

1.80 

2.00 

2.90 

2.40 

1.00 

1.80 

1.80 

2.00 

2.30 

2.66 

26 

1.80 

1.80 

1.80 

2.00 

2.50 

2.40 

2.00 

1.80 

1.80 

2.00 

2.30 

2.40 

26 

1.80 

1  80 

1.80 

2.00 

2.90 

2.30 

2.00 

1.80 

1.75 

2.00 

2.10 

2.30 

27 

1.80 

1.80 

1.80 

1.90 

2.05 

2.20 

2.00 

1.80 

1.70 

2.15 

2.10 

2.30 

28 

1.80 

1.80 

1.80 

1.80 

2.00 

2.30 

4.60 

1.80 

1.70 

0.15 

2.00 

2.90 

29 

1.80 

1.80 

1.80 

2.00 

2.15 

3.35 

1.80 

1.70 

8.30 

2.00 

2.90 

31) 

1.80 

1.80 

1.80 

2.00 

2.10 

2.20 

1.80 

1.70 

2.70 

2.O0 

2.90 

:ii 

1.80 

1.80 

1.00 

2.00 

1.80 

1 

2.45 

LEONA  RIVER  AT  UVALDE,   TEXA3. 

In  former  years  there  was  located   in  the  southern   suburbs  of 
Uvalde  a  large  spring  with  constant  flow,  known  as  "Leona  spring." 
This  spring  was  dry  but  once  between  1870  and  1893,  viz,  in  1885.     It 
soon  revived,  however,  and  continued  flowing  up  to  1893,  when  the 
discharge  stopped,  and  no  water  has  issued  from  it  since  that  dat<'. 
The  water  in  the  wells  in  the  vicinity  in  1884  was  25  feet  below  the 
surface  of  the  ground,  but  in  1899  the  level  was  about  50  feet  below 
the  surface.     A  pumping  station  was  located  on  the  banks  of  Leona 
River,  near  Leona  spring,  in  1893,  but  after  one  or  two  years  the 
river  failed  to  such  an  extent  that  the  entire  pumping  plant  was 
moved  to  within  150  yards  of  the  court-house  at  Uvalde.     At  the  new- 
station  a  15  by  15  foot  pit  was  excavated  24  feet  deep,  and  the  pnmps 
were  placed  at  the  bottom  of  this  pit,  and  then  a  well  4  by  7  feet 
square  was  sunk  from  this  level  to  a  depth  of  16  feet,  out  of  which  the 
water  was  pumped  into  a  standpipe.     The  water  at  first  rose  in  this 
well  to  within  35  feet  of  the  ground  surface.     In  December,  1897,  it 
was  noticed  that  the  supply  was  failing,  and  this  continued  until 
May,  1898,  when  a  second  pit,  10  by  10  feet,  and  9  feet  deep,  was  exca- 
vated on  the  southwest  side  of  the  first  pit,  and  the  well  was  also 
lowered  until  its  bottom  was  63  feet  below  the  ground  surface;  when 
the  pumps  were  finally  lowered,  their  new  position  was  33  feet  below 
the  surface.     In  January,  1899,  it  was  found  necessary  to  sink  three 
small  drill  wells  in  the  bott.om  of  the  main  pump  well  to  a  depth  of 
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30  to  35  feet,  reaching  a  total  depth  of  98  feet  from  the  surface  of  the 
ground. 

Leona  River,  in  1895,  was  found  by  Mr.  Cyrus  C.  Babb  to  be  dry 
under  the  railroad  bridge,  but  at  the  crossing  1^  miles  south  of  the 
town  a  discharge  of  11  second-feet  was  found.  The  river  ceased  flow- 
ing at  this  crossing  in  January,  1898.  About  June  15,  1899,  heavy 
rains  fell  over  Uvalde  and  Kinney  counties,  raising  the  Leona  River 
to  a  flowing  depth  of  6  to  8  feet.  Notwithstanding  this,  on  June  28, 
1899,  when  visited  by  Thomas  U.  Taylor,  the  river  was  drj'^  at  the 
crossing  above  referred  to.  The  bed  of  the  stream  was  followed  to 
the  head  of  the  upper  irrigation  ditch  about  4  miles  below  the  town 
of  Uvalde,  but  no  flowing  water  was  found.  Tlie  only  irrigation  along 
Leona  River  in  1899  was  done  through  the  agency  of  a  steam  pximp 
10  or  12  miles  below  Uvalde. 

LAS  MORAS  SPRING,  NEAR  BRACKETTVILLE,  TEXAS. 

This  spring  is  located  at  Fort  Clark,  near  Brackettville,  10  miles 
dist4int  from  Spofford,  on  the  Southern  Pacific  Railroad.  The  dis- 
charge from  this  spring  was  measured  by  Prof.  Thomas  U.  Taylor  on 
Juno  30,  1899,  when  60  second-feet  was  found.  A  measurement  on 
December  24,  1895,  near  the  same  point,  by  Cyrus  C.  Babb,  showed 
H  discharge  of  21  second- feet. 

SAN  FELIPE   SPRINGS,  NEAR  DEL  RIO,  TEXAS. 

San  Felipe  Creek  has  its  source  in  four  large  springs,  the  upper  one 
being  2  miles  above  the  railroad  bridge  near  Del  Rio,the  others  being 
within  about  200  yards  of  the  bridge.  On  June  29,  1899,  the  creek 
was  measured  by  Prof.  Thomas  U.  Taylor,  at  a  point  about  200  yards 
below  the  railroad  bridge,  and  a  discharge  of  84  second-feet  was  found. 
Madre  ditch  diverts  water  from  one  of  these  springs  above  the  point 
of  measurement,  and  on  June  29  its  discharge  was  found  to  be  29 
second-feet.  Previous  measurements  at  this  locality  will  be  found  in 
Bulletin  140,  page  85. 

RIO   GRANDE  AT  DEL  NORTE,  COLORADO. 

This  river  has  its  source  in  the  Continental  Divide  in  southern  Col- 
orado. Its  general  course  is  easterly  through  its  mountainous  col- 
lecting area  until  San  Luis  Park  is  reached,  when  it  gradually  t>akes 
a  southeasterly  course,  and  then  just  before  crossing  the  State  line 
into  New  Mexico  it  bends  southward  and  continues  this  general  course 
throughout  New  Mexico.  The  station  is  located  about  2  miles  above 
the  town  of  Del  Norte,  Colorado,  well  above  most  of  the  irrigation 
flitches  which  divert  water  from  this  river.  The  gage  consists  of  an 
inclined  2  by  6  inch  plank  fastened  to  a  post  driven  into  the  right 
l>ank  of  the  river.  Bench  mark  No.  1  is  a  large  nail  in  the  root  of  a 
-fcree  15  feet  northeast  of  the  end  of  the  cable  on  the  left  bank  of  the 
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river  aud  is  7.54  feet  above  gage  datum.  Bench  mark  No.  2  is  a 
large  nail  in  the  root  of  a  tree  25  feet  northwest  of  the  end  of  the 
Inclined  gage,  and  is  also  7.54  feet  above  gage  datum.  While  the 
banks  are  not  high,  the  river  has  never  been  known  to  overflow.  The 
current  is  swift;  the  bed  is  composed  of  small  stone,  and  has  not 
materially  changed  during  the  last  year.  Discharge  measurements 
are  made  from  a  box  suspended  from  a  five-eighths  inch  wire  cable 
fastened  to  trees  on  each  side  of  the  river.  The  results  of  measure- 
ments may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  247;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
383 ;  1898,  Twentieth  Annual  Report,  Part  IV,  page  360.  The  follow- 
ing discharge  measurements  were  made  by  A.  L.  Fellows  during  1899: 

April  25,  gage  height,  2.42  feet;  discharge,  1,004  aeoond-feet. 
May  24,  gage  height,  2.92  feet;  discharge,  1,480  aeoond-feet 
Jnne  20,  gage  height,  2.10  feet;  discharge,  734  second-feet. 
Angoflt  21,  gage  height,  1.58  feet;  discharge,  887  second-feet. 

Daily  gage  height,  in  feet,  of  Rio  Orande  at  Del  Norte,  Colorudo,  for  1S99, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nor. 

1 

Dec   1 

1 

I 

1 

1.62 

1.90 

2.94 

2.00 

2.24 

1.46 

( 

2 

1.96 

3 

1.48 

1.82 

2.62 

2.12 

2.20 

1.50 

4 

2.64 

2.82 

L64 

1 

5 

1.40 

1.86 

2.44 

1.96 

2.64 

1.48 

0 

:::::;"i i 

7 

8  .  - 

2.76 

1.40 

1.96 

2.50 

2.12 

2.42 

1.40 

1.50 

...... .^  ......  , 

1 

0 

1.62 

2.16 

2.68 

1.94 

2.12 

1.4U 

.....  . 

2.00 

10 

11 

2.60 

2.66 

1.70 

8.02 

2.82 

1.90 

2.00 

1.40 

i.eo 

13 

13 

1.84 

8.54 

2.90 

1.80 

1.84 

1.88 

1          1 

14 

15 

2.74 

1.90 

1.92 

8.20 

2.62 

1.86 

1.76 

2.12 

16 

2.30 

17 

2.04 

8.18 

2.60 

1.86 

1.82 

1.86 

18 

2.46 

2.04 

1.88 

19 

2.10 

8.14 

2.38 

2.74 

1.70 

1.64 

20 

21 

22 

2.68 

....... 

2.14 

8.02 

2.82 

2.U 

1.60 

1.58 

1.80 

23 

2.90 

2.84 

2.20 

2.02 

1.60 

1.52 

2.04 

24 

25 

2.48 

1.96 

2.46 

8.04 

2.10 

1.84 

1.54 

1.48 

2.04 

1 

26...  . 

1 

27 

• 

2.28 

2.96 

2.48 

1.84 

1.50 

1.44 

1 

28 

29 

2.84 

1.78 

1 

2.24 

2.84 

2.10 

2.00 

1.48 

1.42 
1.42 

30 

'2112    ' 

31 

1.64 

2.90 

2.24 

1.42 

CONEJOS  RIVER  AT  LOS  MOGOTES,   COLORADO. 

This  stream  rises  on  the  eastern  slope  of  the  mountain  range  which 
forms  the  western  line  of  Conejos  County,  in  southern  Colorado.  It 
flows  southeasterly,  and  then  bending  at  the  town  of  Conejos  flows  iu 
a  general  northeasterly  direction,  entering  the  Rio  Grande  below  the 
mouth  of  Trinchera  Creek.  The  gage  rod,  established  by  A.  L.  Fel- 
lows August  25,  1899,  was  at  first  located  at  a  wagon  bridge  10  mile^ 
above  the  town  of  Conejos,  but  owing  to  the  fact  that  it  was  destroyed 
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at  this  i)oint,  it  was  later  moved  to  a  point  about  500  yards  below.  It 
is  here  attached  to  the  pier  projecting  into  the  river  near  the  house 
occupied  by  Gustav  Timm,  a  ranchman  who  has  acted  as  observer. 
The  channel  is  fairly  good,  being  of  gravel  and  not  particularly  liable 
to  either  change  or  overflow.  Owing  to  the  removal  of  the  gage  it  will 
not  be  possible  to  make  a  rating  table  for  1899.  Two  measurements 
01  discharge  were  made  at  this  point  in  1899  by  A.  L.  Fellows:  The 
first,  on  August  25,  at  a  gage  height  of  1.00  foot,  showed  a  discharge 
of  76  second-feet;  the  second  measurement,  on  November  28,  at  a  gage 
height  of  2.20  feet,  showed  a  discharge  of  70  second-feet. 

Daily  gage  height ,  in  feet,  of  Con^os  River  at  Los  Mogotes,  Colorado,  for  1899, 


Day. 
1-.. 

SepL 

Ot-t 

Nov. 

Day. 

Sept. 

Oct. 

Nov. 

Day. 

Sept. 

Oct 

Nov. 

.95 

1  02 

1.15 

12 

.96 

1.20 

1.57 

23 

1.18 

1.30 

1.6D 

2.... 

.92 

1.05 

1.12 

13 

.95 

1.88 

1.57 

24 

1.15 

1.28 

1.48 

3.... 

.92 

1.10 

1.12 

U 

.98 

1.32 

1.57 

25 

1.10 

1.25 

1.40 

4.... 

.92 

1.12 

1.10 

15 

2.00 

1.26 

1.57 

26 

1.05 

1.25 

1.56 

5  ... 

.90 

1.10 

al.65 

16 

1.75 

1.22 

1.65 

27 

1.06 

1.15 

1.90 

6.... 

.90 

1.07 

1.57 

17 

1.65 

1.25 

1.70 

28 

1.05 

1.20 

2.20 

7.... 

.87 

1.07 

1.57 

18 

1.50 

1.28 

1.70 

29 

1.05 

1.18 

2.10 

8.... 

.87 

1.06 

1.57 

19 

1.30 

1.25 

1.70 

30 

1.05 

1.15 

1.60 

9... 

1.02 

1.05 

1.57 

20 

1.22 

1.20 

1.00 

81 

1.15 

10.... 

1.05 

\.{& 

1.57 

21 

1.22 

1.30 

1.58 

11.... 

1.00 

1.00 

1.57 

22 

1.20 

1.32 

1.56 

a  Gage  moved  to  a  point  near  house  of  Qastav  Timm. 


RIO   GRANDE   AT  CENICERO,  COLORADO. 

The  Rio  Grande  for  a  number  of  years  has  been  dry  during  the 
summer  after  passing  through  San  Luis  Park,  due  to  the  diversion 
of  water  above.  On  August  20  the  river  6  miles  below  Alamosa,  Colo- 
rado, was  carrying  17  second-feet,  and  on  the  23d  of  the  same  month, 
at  a  point  one-half  mile  above  Alamosa,  the  discharge  was  found  to 
be  10  second-feet.  Just  before  it  crosses  the  State  line  into  New 
Mexico  it  enters  the  canyon,  and  in  order  to  obtain  the  amount  of 
water  passing  out  of  the  State,  a  station  was  located  on  June  28, 1899, 
l)y  A.  L.  Fellows,  at  the  State  bridge  across  the  Rio  Grande,  at  a 
point  about  4  miles  west  of  Eastdale,  Colorado.  The  station  is 
favorably  located  for  the  purpose,  the  cross  section  being  fairly  uni- 
form, the  channel  regular  and  not  liable  to  overflow.  The  gage  con- 
sists of  two  rods,  one  for  low  stages,  fastened  to  a  rock  near  the  shore; 
the  upper  section  is  fastened  to  the  lower  side  of  the  middle  pier  of 
the  bridge.  The  observer  is  Roman  Mohdragon.  The  following 
measurements  of  discharge  were  made  by  A.  L.  Fellows  in  1899: 

Jane  28,  gage  height.  0.90  foot;  discharge,  20  seGond-feet. 
August  24,  gage  height,  1  foot;  discharge,  31  second-feet. 
November  28,  gage  height,  1.80  feet;  discharge,  297  second-feet. 

IBR  37 6 
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Daily  gage  height,  in  feet,  of  Rio  Orande  at  Cenicero,  Colorado,  for  1S99. 


Day. 

Jane. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1 

0.78 

.90 

.88 

.90 

1.00 

.90 

.90 

.90 

.90 

.86 

.80 

.80 

.86 

.90 

1.00 

1.00 

1.00 

.96 

1.00 

1. 00 

1.02 

1.08 

1.50 

1.50 

1.86 

1.30 

1.20 

I.IO 

I.JO 

1.10 

1.00 

1.00 

1.00 

.90 

.90 

1.40 

1.40 

.    1.30 

1.40 

1.40 

1.30 

1.30 

1.30 

1.30 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

.90 

•      .90 

1.00 

1.00 

1.00 

.95 

.90 

.90 

1.00 

1.00 

1.00 

1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.10 
1.60 
2.10 
2.00 
1.40 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.20 
1.40 
1.30 
1.20 
1.20 
1.20 
1.30 
1.30 
1.40 
1.30 
1.30 
1.20 
1.80 
1.30 
1.40 
1.40 
1.40 
1.40 
L40 
1.40 
1.40 
1.40 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.60 
1.60 
LOO 
LOO 
LBO 
L60 
LOO 
LTO 
LTO 
L80 
LTO 
L70 
L70 
L80 
LOO 
L70 
1.70 
LTO 
LTO 
LTO 
L70 
LOO 
L80 
L80 
LOO 
L80 
L80 
LOO 
1.80 
L80 

L80 
1.80 

2 

3 

1.80 

4 

LTO    1 

5 

L60 

li 

1.60    ' 

7 

LOO    1 

8 

LOO    1 

9 

• 

LTO    ' 

10 

LOO 
LOO 
LTO 
LTO 
L80 
LOO 
&00 
2.00 
S.0O 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

11 

12 

18 

14 

^ 

15.^ 

16 

17 

19 

20 

21 

22 

23 

24 

25 

2.00   f 

26 

2.00   1 

27 

2.00 
2.00 
2.00 
2.00 
2.00 

28 

0.90 
.90 
.80 

29 

30 

31 

RIO  GRANDE  AT  EMBUDO,  NEW  MEXICO. 

Rio  Grande  enters  the  canyon  some  distanoe  above  where  it  crosses 
the  New  Mexico  and  Colorado  line,  and  continues  southward  for  some 
distance  below  Embudo.  It  receives  a  number  of  important  tributa- 
ries from  either  side  through  this  section  of  its  course,  which  eon- 
tribute  to  its  discharge;  and  although  in  recent  years  the  river  is  dry 
in  the  vicinity  of  Alamosa,  Colorado,  there  is  a  constant  flow  at 
Embudo,  New  Mexico.  The  station  at  this  x>oint,  established  in  1889, 
is  located  about  300  feet  east  of  the  railroad  station  at  Embudo.  The 
gage  is  inclined,  and  consists  of  a  timber  fastened  to  posts  driven  into 
the  bank  of  the  river.  Bench  mark  No.  1  is  a  rock  near  the  end  of 
the  cabje,  left  bank,  marked  **B.  M."  with  white  paint,  and  is  20.66 
feet  above  gage  datum.  Bench  mark  No.  2  is  a  rock  100  feet  above 
the  cable,  left  bank,  similarly  marked,  and  is  18.79  feet  above  gage 
datum.  Bench  mark  No.  3  is  a  notch  cut  in  the  southeastern  comer 
of  the  station,  2  feet  above  the  platform,  and  is  30.48  feet  above  gage 
datum.  The  left  bank  is  steep,  and  the  right  has  a  gentle  slope.  The 
results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Rei)ort,  Part  IV,  page  251;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  385;  1889  to  1898,  Twentieth  Annual  Report,  Part  IV, 
page  366.  The  following  measurements  of  discharge  were  made  by 
P.  E.  Harroun  during  1899: 

April  7,  gage  height,  8.20  feet;  discharge,  710  second-feet. 
April  20,  gage  height,  9.50  feet;  discharge,  1,027  second-feet. 
May  4,  gage  height,  8.60  feet;  discharge,  967  second-feet 
May  30,  gage  height,  8.10  feet;  discharge,  745  second-feet. 
September  4,  gage  height,  7  feet;  discharge,  183  second-feet 
October  27,  gage  height,  7.58  feet;  discharge,  412  second-feet 


COLORADO   AND   NEW   MEXICO. 


281 


DaUy  gage  height,  in  feet,  of  Rio  Orande  at  Embudo,  New  Mescico,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

7.50 

7.60 

7.70 

8.40 

9.20 

7.90 

7.20 

7.20 

7.00 

7.30 

7.60 

7.85 

a 

7.60 

7.60 

7.70 

8.30 

9.00 

7.85 

7.20 

7.26 

7.00 

7.30 

7.60 

7.85 

3 

7.60 

7.60 

7.80 

8.30 

8.80 

7.80 

7.16 

7.20 

7.00 

7.36 

7.60 

7.80 

4 

7.60 

7.70 

7.80 

8.80 

8.00 

7.80 

7.10 

7.20 

7.00 

7.40 

7.60 

7.80 

5 

7.60 

7.70 

7.85 

8.20 

8.45 

7.80 

7.10 

7.30 

7.00 

7.40 

7.65 

8.00 

6 

7.70 

7.70 

7.90 

8.20 

8.26 

7.60 

7.10 

7.26 

7.00 

7.40 

7.70 

7.85 

7 

7.85 

7.70 

8.00 

8.20 

8.20 

7.86 

7.10 

7.20 

7.00 

7.40 

7.76 

7.70 

8 

7.90 

7.80 

8.05 

8.10 

8.20 

7.00 

7.10 

7.20 

7.10 

7.40 

7.80 

7.70 

9 

7.90 

7.80 

8.16 

8.10 

8.20 

6.90 

7.10 

7.20 

7.10 

7.40 

7.80 

7.80 

10 

7.90 

7.85 

8.20 

8.10 

8.20 

6.85 

7.10 

7.30 

7.10 

7.40 

7.80 

8.00 

11 

7.90 

7.90 

8.20 

8.10 

8.20 

6.70 

7.06 

7.25 

7.10 

7.40 

7.80 

7.60 

1« 

7.90 

7.80 

8.25 

8.20 

8.30 

6.60 

7.00 

7.20 

7.10 

7.40 

7.80 

7. 60 

13 

7.90 

7.90 

8.30 

8.60 

8.65 

6.70 

7.00 

7.20 

7.15 

7.40 

7.80 

7.60 

14 

7.80 

7.80 

8.85 

8.65 

8.80 

6.95 

7.10 

7.20 

7.20 

7.40 

7.80 

7.70 

15 

7.80 

7.80 

8.60 

8.80 

9.00 

7.00 

7.25 

7.25 

O7.30 

7.50 

7.85 

7.00 

16 

7.70 

7.80 

8.65 

8.80 

9.10 

7.00 

7.40 

7.ao 

8.15 

7.50 

7.90 

7.60 

17 

7.70 

7.80 

8.70 

8.85 

9.20 

7.00 

7.60 

7.30 

7.90 

7.60 

7.90 

7.^0 

18 

7.70 

7.70 

8.70 

9.06 

9.20 

7.00 

7.60 

7.16 

7.85 

7.50 

7.90 

7.70 

19 

7.70 

7.70 

8.70 

9.35 

9.15 

7.00 

8.10 

7.10 

7.80 

7.50 

7.90 

7.70 

ao..^.. 

7.  TO 

7.70 

8.65 

9.35 

9.00 

7.00 

7.90 

7.10 

7.65 

7.60 

7.90 

7.70 

21 

7.70 

7.70 

8.60 

9.30 

9.00 

7.00 

7.60 

7.10 

7.80 

7.60 

7.95 

7.70 

22 

7.70 

7.70 

8.45 

9.25 

8.80 

7.00 

7.60 

7.10 

7.50 

7.60 

8.00 

7.70 

28 

7.70 

7.70 

8.40 

9.20 

8.76 

7.00 

7.56 

7.00 

7.60 

7.60 

8.00 

7.70 

24 

7.70 

7.70 

8.30 

9.20 

8.60 

7.10 

7.60 

7.00 

7.60 

7.60 

8.00 

7.70 

25 

7.60 

7.70 

8.30 

9.30 

8.20 

7.10 

7.46 

7.00 

7.40 

7.60 

8.10 

7.70 

26 

7.60 

7.70 

8.30 

9.40 

8.20 

7.10 

7.35 

7.00 

7.40 

7.50 

8.10 

7.70 

27 

7.60 

7.70 

8.30 

9.40 

8.10 

7.00 

7.20 

7.00 

7.30 

7.60 

8.00 

7.70 

28 

7.60 

7.70 

8.85 

9.30 

8.10 

7.16 

7.15 

7.00 

7.30 

7.60 

8.00 

7.70 

29 

7.60 

8.40 

9.20 

8.10 

7.20 

7.10 

7.00 

7.30 

7.60 

7.90 

7.70 

30 

7.60 

8.35 

9.20 

8.00 

7.20 

7.10 

7.00 

7.30 

7.60 

7.90 

7.70 

31 

7.60 

. — — . 

8.40 

8.00 

7.20 

7.00 

7.60 

7.70 

a  Began  to  rise  at  4.30  p.  m. ;  maximum,  8.3  feet,  at  6  p.  m. 


RIQ   ORANDE  AT  RIO   GRANDE,   NEW  MEXICO. 

Three  miles  below  Embudo  the  river  emerges  into  Espanola  Valley, 
through  which  it  continues  for  a  few  miles  and  then  enters  White 
Rock  Canyon,  flowing  through  that  canyon  for  30  miles.  At  the 
lower  end  of  this  canyon  the  river  emerges  into  Albuquerque  Valley, 
and  so  continues  down  to  about  Socorro.  This  valley  averages  from 
1  to  3  miles  in  width,  and  haa  been  irrigated  for  a  great  many 
years  by  the  Mexican  settlers.  Their  primitive  methods  of  irrigation 
are  very  wasteful  of  the  waters,  so  that  the  duty  of  water  in  this  sec- 
tion, about  17  acres  per  second-foot,  is  not  as  high  as  it  might  be. 
During  the  last  few  years,  however,  a  number  of  important  and 
modern  irrigation  systems  have  been  planned  and  built  in  the  vicinity 
of  Albuquerque.  The  gaging  station,  established  February  3,  1895, 
is  located  about  one-fourth  of  a  mile  above  the  railroad  station  of 
Rio  Grande,  New  Mexico,  and  at  the  head  of  White  Rock  Canyon. 
The  gage  is  inclined,  and  consists  of  timbers  fastened  to  piles  and 
^wired  to  a  solid  rock.  The  bench  mark  is  the  top  of  the  bowlder  tq 
^which  the  upper  portion  of  the  gage  is  fastened,  and  is  17.815  feet 
£ibove  gage  datum.  Measurements  are  made  from  a  car  suspended 
from  a  cable  above  the  rod.  The  bed  of  the  stream  is  rocky  and  is 
oonfined  between  high  banks.  The  results  of  measurements  may  be 
fgund  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
254;    1897,   Nineteenth  Annual  Report,  Part  IV,  page  386;    1898, 
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Twentieth  Annual  Report,  Part  IV,  page  370.  Three  measurements 
of  discharge  were  made  at  this  point  by  P.  E.  Harroun  during  1899: 
The  first  one,  on  April  6,  at  a  gage  height  of  5.90  feet,  gave  a  dis- 
charge of  978  second-feet;  the  second,  on  September  2,  at  a  gage 
height  of  3.70  feet,  gave  a  discharge  of  110  second-feet;  the  third 
measurement,  October  24,  at  a  gage  height  of  5.15  feet,  gave  a  dis- 
charge of  482  second-feet. 

Daily  gage  height,  in  feet,  of  Rio  Orande  at  Rio  Chrande,  New  Mexico,  for  1899, 


Day. 
1 

Jan. 

Feb. 

4.65 

5.40 

2 

4.65 

6.85 

3  — 

4.65 

6.85 

4 

4.75 

6.16 

5 

4.&5 

6.30 

6 

4.75 

6.20 

7 

4.85 

6.30 

8 

4.05 

5.30 

9 

5.10 

6.45 

10 

5.00 

6.45 

11 

4.95 

5.46 

12 

6.00 

5.36 

13 

4.95 

6.20 

U 

6.00 

6.76 

16 

6-05 

6.60 

16 

6.06 

6.40 

17 

6.00 

6.60 

18 

6.00 

6.46 

19 

6.00 

6.60 

20 

6.05 

6.45 

21 

6.05 

5.50 

22 

6.00 

5.60 

23 

6.00 

5.60 

24 

5.00 

6.55 

25 

5.05 

6.80 

26 

5.10 

5.60 

27 

5.20 

6.50 

28 

5.26 

6.65 

29 

6.26 

30 

6.85 

31 

5.40 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

6.66 

6.20 

7.16 

5.60 

4.20 

6.00 

3.60 

4.70 

5.30 

5.65 

6.00 

6.20 

7.16 

6.65 

4.20 

4.80 

3.60 

4.70 

5.26 

5.60 

5.90 

6.06 

6.96 

6.46 

4.30 

4.70 

3.60 

4.70 

5.30 

5.60 

6.80 

6.16 

6.75 

6.46 

4.30 

6.75 

3.65 

4.85 

5.40 

5.O0 

6.80 

6.10 

6.60 

6.46 

4.10 

6.50 

3.00 

5.10 

6.40 

5.36 

6.85 

6.90 

6.60 

6.35 

4.00 

6.00 

8.60 

5.06 

5.45 

5.00 

6.85 

5.85 

6.46 

6.25 

4.00 

6.35 

3.65 

6.05 

6.50 

5.25 

6.90 

6.05 

6.86 

6.20 

3.90 

6.45 

4.00 

5.00 

6.55 

5.40 

6.16 

6.95 

6.36 

5.06 

4.40 

6.45 

4.26 

4.96 

5.56 

5.65 

6.05 

6.05 

6.30 

6.40 

4.20 

4.80 

4.75 

4.90 

5.55 

5.45 

6.26 

6.30 

6.30 

6.10 

4.20 

4.76 

4.05 

4.85 

5.60 

5.25 

6.26 

6.45 

6.46 

6.06 

4.20 

4.66 

4.85 

4.85 

5.55 

5.15 

6.20 

6.66 

6.40 

6.00 

4.00 

4.60 

4.30 

4.86 

5.55 

5.40 

6.20 

6.05 

6.66 

4.90 

4.40 

4.56 

4.30 

4.80 

5.65 

5.40 

6.25 

7.30 

7.15 

4.85 

4.55 

4.40 

a9.30 

4.80 

5.90 

5.15 

6.85 

7.20 

7.36 

4.60 

6.00 

4.35 

9.40 

6.00 

6.70 

4.85 

6.16 

7.65 

7.40 

4.66 

6.05 

4.30 

6.65 

6.00 

5.75 

5.10 

6.40 

8.16 

7.15 

4.60 

7.80 

4.15 

6.86 

6.05 

5.70 

5.40 

6.30 

8.30 

6.90 

4.45 

6.80 

4.20 

6.46 

4.96 

5.70 

5.65 

6.36 

8.30 

6.75 

4.40 

6.30 

4.16 

5.25 

5.05 

5.70 

5.55 

6.30 

7.96 

6.75 

4.30 

6.70 

4.10 

6.16 

5.10 

5.70 

5.40 

6.26 

7.70 

6.76 

4.20 

6.30 

4.00 

6.25 

5.16 

5.  TO 

5.80 

6.20 

7.76 

6.40 

4.20 

6.30 

8.90 

5.00 

6.15 

5.80 

5.45 

6.15 

7.86 

6.25 

4.30 

6.16 

8.76 

5.05 

6.15 

5.80 

&50 

6.20 

7.90 

6.10 

4.40 

6.25 

8.86 

4.95 

6.20 

5.80 

5.45 

6.46 

8.05 

6.10 

4.66 

6.20 

3.80 

4.85 

6.20 

5.75 

5.45 

6.65 

7.95 

6.96 

4.50 

6.80 

8.70 

4.85 

5.30 

5.75 

&.«) 

6.60 

7.75 

6.00 

4.40 

6.35 

3.76 

4.75 

5.30 

5.75 

5.40 

6.66 

7.60 

5.85 

4.20 

6.00 

3.70 

4.76 

6.30 

5.70 

5w45 

6.46 

7.16 

6.80 

4.35 

6.05 

3.60 

4.65 

5.25 

5.70 

5.50 

6.40 

6.70 

6.05 

aoo 

6.25 

5.65 

alOat  7  a.  m. 
RIO   GRANDE  AT  SAN  MARGIAL,  NEW  MEXICO. 

The  fifth  gaging  station  on  the  main  stream,  continuing  downward, 
is  at  San  Marcial.     It  was  established  January  29, 1895,  and  is  located 
at  the  railroad  bridge  one-half  mile  south  of  the  town.     The  wire 
gage  is  attached  to  the  guard  rail  of  the  bridge,  south  sx>an,  lower 
side.     Bench  mark  No.  1  is  the  top  of  the  capstone  on  which  the 
bridge  tru^s  rests,  and  is  at  an  elevation  of  15  feet  above  gBQe 
datum;  bench  mark  No.  2  is  the  top  of  the  extension  of  the  pier  to 
which  the  old  vertical  gage  was  fastened,  and  is  at  an  elevation  of 
13  feet  above  gage  datum.     The  channel  is  sandy  and  shifting. 
A  number  of  bridge  piers  interfere  with  the  current  to  a  certain 
extent,  but  not  with  the  observed  gage  heights  or  discharge  measure- 
ments.    Results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  257;    1897,  Nineteenth 
Annual  Report,  Part  IV,  page  387;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  371.     The  following  discharge  measurements  were 
made  by  P.  E.  Ilarroun  during  1899: 


NEW   MEXICO   AMD   TEXAS. 
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Me(i9urement8  of  Rio  Grande  at  San  Marcial,  New  Mexico. 


Date. 


1889. 

Apr.8 

Apr.  19 

Apr.  26 

May  2 


Oaffe 
heiS^t. 

Dis- 
charga 

7.80 
7.80 
7.70 
7.60 

Sec.  feet. 

715 

600 

1,600 

1,403 

Date. 


1899. 

May  17 

Sept.  22 

Oct.  12 

Dec.l7 


Gage 
leight. 


heig, 


Feet. 
6.60 
5.80 
4.40 
6.20 


Dis- 
charge. 


Sec.  feet. 

199 

112 

6 

263 


Daily  gage  height ,  in  feet,  of  Rio  Orande  at  San  Marcial,  New  Mexico,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

7.70 
7.65 
7.50 
7.40 
7.40 
7.30 
7.20 
7.20 
7.20 
7.10 
7.00 
6.80 
6.70 
6.60 
6.50 
6.40 
6.60 
6.60 
6.70 
7.46 
7.40 

7.ao 

7.80 
7.20 
7.00 
6.95 
6.80 
6.65 
6.56 
6.80 
6.20 

June. 

July. 

Aug. 

6.00 
5.80 
6.60 
5.40 
5.65 
6.80 
7.15 
7.55 
6.95 
6.40 
6.10 
5.70 
5.30 

Sept. 

Oct. 

Nov. 

Dec. 

6.50 
6.50 
6.50 
6.55 
6.55 
6.56 
6.55 
6.60 
6.00 
6.45 
6.60 
6.55 
6.66 
6.55 
6.60 
6.60 
6.05 
6.40 
6.50 
6.46 
6.66 
6.55 
6.60 
6.66 
6.70 
6.65 
6.65 
6.65 
6.75 
6.85 
6.80 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

28 

27 

28 

29 

80 

81 

6.95 
6.75 
6.50 
6.60 
6.55 
6.00 
6.60 
6.75 
6.55 
6.50 
6.60 
7.00 
6.70 
7.00 
6.90 
6.86 
6,70 
6.65 
6.65 
6.66 
6.60 
6.50 
6.60 
6.70 
6.70 
6.60 
6.00 
6.60 
6.60 
6.60 
6.66 

6.90 
6.66 
6.70 
6.70 
6.60 
6.60 
5.10 
4.50 
4.50 
6.95 
6.60 
6.70 
5.90 
7.20 
6.70 
6.  TO 
6.95 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.70 
6.80 
6.80 
6.80 
6.80 

6.70 
6.70 
6.60 
6.50 
6.50 
6.70 
6.70 
6.50 
6.80 
6.50 
6.50 
6.50 
6.60 
7.00 
7.10 
7.00 
6.9U 
6.90 
6.80 
6.50 
6.40 
6.40 
6.40 
6.40 
6.40 
6.80 
6.30 
6.50 
6.70 
6.85 
7.00 

7.00 
7.15 
7.30 
7.10 
7.00 
6.90 
7.20 
7.00 
6.90 
6.80 
6.70 
6.50 
6.40 
6.30 
6.16 
6.00 
6.05 
6.90 
7.36 
7.80 
7.95 
7.95 
7.80 
7.70 
7.70 
7.70 
7.70 
7.70 
7.80 
7.70 

6.00 
6.80 
5.70 
5.60 
6.40 
5.25 
5.00 

5.00 
6.00 
6.10 
5.10 
5.20 
5.20 
6.80 
5.30 
5.40 
5.40 
6.50 
5.50 
5.60 
5.60 
5.70 
6.70 
5.80 
5.80 
5.90 
6.00 
6.00 
6.10 
6.20 
6.20 
6.30 
6.30 
6.40 
6.40 
6.50 
6.60 

6.85 
5.66 
5.00 
6.15 
5.60 
6.06 

"Tso" 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.60 
4.50 
4.50 
4.60 
4.00 
4.70 
4.70 
4.80 
4.80 
4.90 
4.90 

3.60 
3.60 
3.60 
8.60 
9.06 
9.26 
7.60 
6.76 
6.35 
6.15 
7.60 
7.50 
6.55 
6.30 
6.20 
6.26 
6.20 

7.26 
6.06 
5.50 
5.16 
5.00 
6.00 

June  8  to  July  14,  inclusive,  no  flow  in  river. 

August  14  to  September  8,  Inclusive,  no  flow  in  river. 

September  15  to  18,  inclusive,  September  25  to  October  22,  inclusive,  no  flow  in  river. 


RIO   GRANDE  AT  EL  PASO,   TEXAS. 

This  is  an  important  station,  and  measurements  have  been  made 
here  for  a  long  period.  During  the  last  three  years  the  work  has 
been  carried  on  under  the  direction  of  W.  W.  FoUett,  consulting 
engineer  International  (Water)  Boundary  Commission.  This  com- 
mission has  had  charge  of  the  investigation  looking  toward  the  build- 
ing of  an  international  dam  at  El  Paso.  The  present  station  is  located 
at  Courchesne's  limekiln,  4  miles  north  of  El  Paso,  Texas.  The  river 
heights  are  measured  at  the  masonry  pump  foundation  pier,  150  feet 
above  the  kiln.  The  top  of  the  downstream  chisel  draft  is  assumed 
to  be  at  a  gage  height  of  15  feet,  and  the  distance  to  the  water  surface 
below  is  measured  with  a  carefully  graduated  rod.  The  left  bank  of 
the  river  is  formed  by  the  loose  rock  fill  of  the  Atchison,  Topeka  and 
Santa  Fe  Railroad  embankments,  and  will  not  overflow;  the  right 
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bank,  however,  is  made  ground  and  is  liable  to  overflow  at  high 
stages.  Owing  to  the  shifting  character  of  the  bed  of  the  stream,  it 
has  been  necessary  to  make  a  large  number  of  discharge  measore- 
ments  at  this  point  in  order  to  obtain  an  accurate  idea  of  the  dis- 
charge. Results  of  measurement  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  p^:e  259;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  390;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  312.  There  were  32  discharge  measurements  made  by 
T.  M.  Oourehesne  during  1899,  as  follows: 

MeaguremenU  of  Rio  Orantk  at  El  Paao,  Texas. 


Date. 

.fSK. 

DIb- 

D... 

a. 

,£Si. 

uee. 

Is 

a 
a 

0.80 

1 

i 

SIB 

m 

£.80 

6.  to 

0.80 
S.10 

'—rf' 

g:|:--:;::--:;;::;: 

Dailji  gage  height,  in  feet,  of  Hio  Qrande  at  El  Pa»o,  Texas,  for  li 


D.]-. 

Jis. 

Feb. 

Har. 

Apr. 

Jtay. 

Judo. 

July, 

Aug. 

Dte. 

J 

s.ai 

06 

^ 

G.ID 

(o) 

» 

a 

•s 

"■S 

s-s 

^ 

•.M 

(kTS 

.BO 

S.» 

a  Not  BowIds  from  June  1  to  July  ITkodfnMD  AugnatBtaKoTamborSOL 
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PECOS  RIVER  AT  PECOS,   TEXAS. 

This  stream  rises  on  the  eastern  slope  of  the  Santa  Fe  Range  in 
northern  New  Mexico.  Its  course  is  first  southerly,  through  a  typical 
mountainous  and  canyon  country,  until  it  reaches  Fort  Sumner,  when 
the  character  of  the  topography  changes.  The  river  then  takes  a 
more  southerly  course  and  the  country  then  changes  from  a  rolling  to 
an  almost  flat  area.  A  number  of  large  irrigation  enterprises  have 
been  completed  within  the  last  few  years  and  now  irrigate  large  areas 
in  the  vicinity  of  Roswell  and  Eddy,  New  Mexico,  and  even  extend 
down  into  Texas.  The  summer  flow  of  the  river  is  largely  dependent 
upon  numerous  springs,  which  occur  in  the  limestone  country  in  the 
vicinity  of  Roswell  and  below.  Owing  to  the  numerous  diversions 
for  irrigating  purposes,  however,  the  river  would  be  dry  in  the  sum- 
mer where  it  crosses  into  Texas  were  it  not  for  the  waters  which  are 
gradually  returning  to  the  river  through  seepage.  This  water,  unfor- 
tunately, is  impregnated  to  a  considerable  extent  with  alkali,  which 
renders  it  undesirable  for  irrigating  purposes.  The  station  on  this 
river  was  established  January  1,  1898,  and  is  located  at  a  point  6 
miles  above  the  town  of  Pecos,  Texas,  at  the  flume  of  the  Margueretta 
canal.  This  canal  diverts  water  from  the  river  3  miles  above  this 
jx)int  on  the  west  side,  and  then  the  water  is  carried  over  to  the  east 
side  by  means  of  a  flume,  where  it  is  used  below.  The  bench  mark 
of  the  gage  is  the  top  of  north  pier  at  west  side  of  flume,  and  its 
elevation  is  20.7  feet  above  gage  datum.  The  channel  at  this  point  is 
nearly  straight,  the  water  sluggish,  the  banks  high,  and  the  bottom 
sandy  and  shifting.  One  measurement  of  the  discharge  in  the  flume 
was  made  on  June  22,  when  it  was  found  to  be  85  second-feet.  Two 
measurements  were  made  on  the  main  river  by  Prof.  Thomas  TJ. 
Taylor  in  1899,  as  follows:  June  22,  at  a  gage  height  of  0.70  foot,  the 
discharge  was  21  second-feet;  the  second  measurement,  on  December 
28,  at  a  gage  height  of  2.90  feet,  gave  a  discharge  of  345  second-feet. 

In  the  vicinity  of  Fort  Stockton,  Pecos  County,  Texas,  occur  a  series 
of  springs  which  contribute  to  the  discharge  of  Comanche  Creek,  a 
tributary  of  Pecos  River.  On  June  23,  1899,  their  discharge  was 
measured  by  Prof.  Thomas  U.  Taylor  at  the  ford  one-half  mile  east 
of  the  court-house,  and  the  discharge  was  found  to  be  G6  second-feet. 
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DaHy  goge  height,  in  feet,  of  Pecos  River  at  Pecos,  Texas,  for  JS90. 


Day. 


1. 
2. 
8. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 
18. 
14. 
Ifi- 
16. 
17. 
18. 
19. 
80. 

a. 

22. 
23. 
24. 

25. 
26. 

27. 
86. 
89. 
80. 
81. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 
1.80 

Oct 

Nov. 

Doc. 

2.80 

8.00 

2.80 

1.00 

1.00 

0.46 

0.75 

6.36 

1.25 

1.90 

z.m 

2.80 

8.00 

2.70 

1.00 

1.00 

.46 

.90 

4.80 

1.80 

1.20 

1.30 

3.a)  , 

2.00 

8.00 

2.80 

1.00 

1.00 

.40 

.70 

3.75 

1.80 

1.20 

i.ao 

2.96 

2.80 

2.96 

2.60 

1.00 

1.00 

.40 

.80 

3.^ 

1.25 

1.85 

i.ao 

2.90 

2.00 

2.80 

2.60 

1.00 

1.00 

.40 

.80 

8.45 

1.20 

1.60 

1.35 

2.90    , 

2.66 

2.66 

2.75 

1.00 

1.00 

.40 

.80 

2.65 

1.20 

1.50 

1.40 

2.90    ' 

2.60 

2.46 

2.66 

1.00 

1.00 

.40 

.80 

2.15 

1.20 

1.50 

1.40 

3.00    1 

2.60 

2.40 

2.66 

1.00 

1.00 

.40 

1.50 

2.05 

1.20 

1.46 

1.40 

ao5 

2.50 

2.70 

2.86 

1.00 

1.56 

.40 

3.75 

1.90 

1.3P 

1.86 

L46 

3.00    1 

2.60 

8.00 

2.10 

1.00 

1.50 

.40 

2.20 

1.75 

1.50 

1.80 

1.45 

3.10 

8.10 

8.00 

1.80 

.96 

1.00 

1.75 

1.00 

1.70 

2.40 

1.80 

1.50 

aoo  1 

8.10 

2.90 

1.4A 

.90 

1.00 

1.00 

1.35 

1.80 

1.85 

1.20 

1.40 

2.90    , 

3.10 

2.86 

1.85 

.90 

1.00 

.00 

1.16 

2.20 

8.00 

1.20 

1.40 

3.00    ' 

8.00 

8.00 

1.80 

.90 

1.00 

.00 

1.00 

216 

2.40 

1.20 

1.40 

3.W    1 

3.00 

3.00 

1.20 

1.10 

.96 

.00 

.86 

2.05 

1.80 

1.20 

1.40 

aoo  ; 

3.00 

8.00 

1.20 

3.50 

.90 

1.00 

1.16 

2.00 

1.66 

1.35 

1.40 

3.00    1 

3.00 

2.90 

1.10 

2.76 

.70 

2.30 

.80 

2.00 

1.35 

1.10 

1.30 

3.(Y)    , 

8.00 

2.80 

I.IU 

1.96 

.60 

1.15 

4.85 

1.05 

1.80 

1.10 

1.30 

3.10    1 

8.00 

2.70 

1.10 

1.00 

.50 

.85 

1.05 

1.50 

1.80 

1.10 

2.e& 

a  10  , 

8.00 

2.70 

1.10 

1.45 

.50 

.70 

3.00 

1.40 

1.40 

1.00 

4.40  ' 

3.10    ' 

3.00 

2.70 

1.20 

1.35 

.60 

.70 

3.0U 

1.80 

1.60 

1.00 

3.30 

3.20    1 

3.00 

2.70 

1.15 

1.30 

.50 

.70 

2.65 

1.40 

2.60 

1.00 

2.60 

a3o 

3.ai 

2.70 

1.10 

1.80 

.50 

.70 

3.05 

1.40 

2.65 

1.10 

2,25 

3.16 

2.96 

2.00 

1.10 

1.15 

.60 

.70 

4.25 

1.40 

2.45 

1.10 

2.05  1 

as5 

2.90 

2.50 

1.10 

1.10 

.50 

.70 

5.00 

1.40 

2.01) 

1.10 

2.00 

aw 

3.05 

2.76 

1.80 

1.10 

.50 

.70 

6.55 

1.40 

1.80 

1.10 

2.00  1 

a  15  1 

3.00 

2.70 

1.10 

1.10 

.50 

.70 

5.60 

1.40 

1.50 

1.20 

2.00 

af6 

3.00 

2.70 

1.00 

1.10 

.50 

.70 

6.60 

1.30 

1.46 

1.20 

2.55 

aod  1 

3.05 

1.00 

1.00 

.60 

.70 

5.50 

1.30 

1.40 

1.20 

2.50  . 

2.90    , 

8.00 

1.00 

1.00 

.60 

.70 

5.50 

1.30 

1.86 

1.20 

2.46  , 

2.90    ' 

3.00 

1.00 

.60 

5.50 

1.80 

1.30 

( 

2.96 

QREKN   RIVER  AT  GREENRIVER,  WYOMING. 

This  river  has  its  source  in  the  Wind  River  and  Gros  Ventre  moun- 
tains in  western  Wyoming;  it  flows  southerly,  receiving  a  number  of 
important  tributaries  from  either  side,  and  after  crossing  the  Stato 
line  flows  through  Utah.  In  this  State  its  principal  tributarie.s  are 
Yampa  and  White  rivers  from  the  east  and  Duchesne  River  from  the 
west.  Sixty  miles  below  the  crossing  of  the  Rio  Grande  Western 
Railway  in  Utah,  Green  River  joins  the  Grand  River  to  form  the 
Colorado.  Two  gaging  stations  have  been  maintained  on  the  main 
river,  one  at  Greenriver,  Wyoming,  at  the  crossing  of  the  Union 
Pacific  Railroad,  and  the  other  at  Blake,  Utah,  at  the  crossing  of  the 
Rio  Grande  Western  Railway.  The  former  station,  established  May  ± 
1895,  is  located  at  the  pump  house  of  the  Union  Pacific  Railroad 
Company.  The  rod  is  fastened  to  a  pile  near  the  east  end  of  the 
bridge.  The  bench  mark  consists  of  a  cross  on  the  third  stop  fn:>in 
the  bottom  on  the  south  end  of  the  Ciist  abutment,  and  is  12.4S  U\*i 
above  gage  datum.  The  rod  wa»s  last  verified  with  the  bench  mark 
August  30,  1899.  As  the  section  under  the  railroad  bridge  is  potir, 
discharge  measurements  are  made  from  the  iron  highway  bridge  about 
one-half  mile  below.  The  average  annual  discharge  of  Green  River  at 
this  point  having  been  determined  for  the  last  five  years,  and  at?  the 
water  supply  is  far  greater  than  the  demand  by  irrigators,  observa- 
tions will  be  discontinued  in  the  spring  and  attention  given  to  the 
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more  important  tributaries  of  the  river.  The  results  of  measure- 
ments may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  275;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
395;  1898,  Twentieth  Annual  Report,  Part  IV,  page  380.  The  follow- 
ing discharge  measurements  were  made  by  A.  J.  Parshall  during  1889: 

April  19,  gafsie  height,  1.35  feet;  discharge,  1,596  seoond-feet 
May  13,  gage  height,  2.20  feet;  discharge,  2,661  seoond-feet 
May  25,  gage  height,  2.55  feet;  discharge,  3,422  second-feet 
June  7,  gage  height,  3.80  feet;  discharge,  8,234  seoond-feet 
June  20,  gage  height,  5.30  feet;  discharge,  15,305  second-feet. 
July  5,  gage  height,  6.25  feet;  dischaige,  18,372  second-feet 
August  30,  gage  height,  2.10  feet;  discharge,  1,632  seoond-feet 

Ikiihj  gage  height,  in  feet,  of  Green  River  at  Greenriver,  Wyoming,  for  1899. 


Day. 
1 

Jan. 

Feb. 
1.80 

Mar. 
1.90 

Apr. 

May. 

June. 

8.20 
3.25 
8.35 
3.48 
3.55 
4.00 
3.95 
3.70 
3.45 
8.88 
3.43 
3.78 
4.13 
4.68 
4.78 
4.35 
4.80 
4.60 
4.96 
5.40 
6.80 
6.18 
6.60 
6.63 
6.30 
6.05 
6.98 
6.08 
6.10 
6.28 

July. 

Aug. 

8.88 
8.78 
3.70 
3.68 
3.66 
3.65 
3.58 
3.68 
8.50 
3.45 
3.40 
3.40 
3.85 
8.23 
8.18 
8.00 
2.95 
2.98 
2.83 
2.68 
2.60 
2.56 
2.68 
2.60 
2.46 
2.40 
2.38 
2.80 
2.23 
2.10 
2.05 

Sept. 

2.05 
2.05 
1.95 
1.90 
1.90 
1.90 
1.90 
1.85 
1.86 
1.80 
1.78 
1.78 
1.78 
1.86 
1.80 
1.75 
1.76 
1.75 
1.73 
1.70 
1.66 
1.65 
1.60 
1.60 
1.60 
1.56 
1.56 
1.50 
1.50 
1.46 

Oct. 

1.45 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.46 
1.46 
1.45 
1.48 
1.50 
1.66 
1.58 
1.60 
1.60 
1.60 
1.60 
1.63 
1.65 
1.68 
1.70 
1.70 
1.70 
1.66 
1.65 
1.63 
1.60 
1.60 
1.60 
1.60 

Nov. 
1.60 

Dec. 
1.20 

1.00 

.70 

.95 

1.10 

.90 

.80 

.90 

.85 

.95 

.90 

1.80 

1.35 

1.50 

1.50 

1.60 

1.50 

1.40 

1.40 

1.85 

1.85 

1.30 

1.25 

1.85 

1.45 

1.65 

2.00 

1.95 

1.90 

1.90 

1.83 

1.78 
1.58 
1.50 
1.43 
1.83 
1.80 
1.33 
1.50 
1.50 
1.68 
1.96 
2.15 
2.28 
2.55 
2.58 
2.80 
2.78 
2.65 
2.63 
2.50 
2.80 
2.78 
2.73 
2.58 
2.56 
2.78 
8.08 
8.18 
8.20 
8.26 
3.20 

6.88 
6.48 
6.50 
6.43 
6.13 
5.85 
5.75 
6.78 
5.65 
5.60 
6.53 
5.46 
6.45 
5.48 
6.53 
6.46 
6.88 
5.23 
4.95 
4.73 
4.63 
4.50 
4.45 
4.40 
4.38 
4.18 
4.08 
8.98 
8.95 
3.95 
3.95 

2 

3 

1.50 

1.60 

1.20 

4 

5 

1.60 

1.40 

,   6 

7 



• 

1.56 

1.45 

8 

1.80 

1.70 

9 

1.60 

1.56 

1.45 

10 

11 

1.50 

1.45 

12 

13 

1.60 

1.60 

1.45 

14 

15 

1.90 

1.30 

1.50 

1.45 

16 ^ 

17 

1.50 

1.40 

18 

19 

20 

1.60 

1.45 

1.40 

21 

1.40 

1.45 

22 

1.90 

1.90 

23 

1.30 

1.46 

24 

25 

1.70 

1.25 

1.60 

26 

27 

1.70 

1.26 

1.55 

28 

1.90 

"i.'TO' 

29 

1.26 

1.66 
1.60 

30 

1.55 

31 

i 

BLACK  YOWL   AT  GRANGER,  WYOMING. 

This  tributary  of  Green  River  rises  in  the  extreme  southwestern 
corner  of  Wyoming,  and  flows  in  a  general  northwesterly  direction 
until  after  its  junction  with  Hams  Fork,  when  it  turns  southeasterly 
and  joins  Green  River  20  miles  below  Greenriver  station,  Wyoming. 
Considerable  irrigation  is  practiced  on  its  head-water  streams,  almost 
wholly  for  forage  crops,  as  the  elevation  is  too  high  for  diversified 
fanning.  The  general  industry  of  the  country  is  stock  raising,  the 
herds  being  ranged  on  the  hillside  during  the  summer,  and  during  the 
winter  fed  the  hay  raised  by  irrigation.  The  station  on  this  river  was 
established  April  28,  1897,  and  is  located  below  the  mouth  of  Hams 
Fork  and  about  a  quarter  of  a  mile  below  Granger.  The  rod  consists 
of  a  horizontal  timber  fastened  to  two  upright  posts  set  firmly  in  the 
bank  of  the  river.     One  end  of  the  timber  to  which  the  wire  gage  is 
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fastened  projects  out  over  the  water.  The  bench  mark  is  a  rail  spike 
in  an  old  tie  25  feet  west  of  inside  post  of  gage,  marked  ^^B.  M.^'  in 
black  paint,  and  is  at  an  elevation  of  8.74  feet  above  gage  datum.  The 
rod  was  last  verified  with  the  bench  mark  August  30, 1899.  The  results 
of  measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  393;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  382.  The  following  discharge  measurements  were  made  by  A.  J. 
Parshall  during  1899: 

April  19,  gage  height,  1.85  feet;  discharge,  769  second-feet 
May  13,  gage  height,  3.30  feet;  dischai^ge,  2,229  second-feet. 
May  25,  gage  height,  3.60  feet;  discharge,  2,535  second-feet 
June  7,  gage  height,  5.10  feet;  discharge,  4,776  second-feet 
June  20,  gage  height,  5.70  feet;  discharge,  5,567  second-feet 
July  5,  gage  height,  3.90  feet;  discharge,  2,674  second-feet 
August  30,  gage  height,  0.20  foot;  dischai^,  101  second-feet. 

Vttih/  tjwje  height^  in  feet,  of  Black  Fork  at  Granger,  Wyoming,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 
2.20 

Apr. 

"i'go* 

2.90 
2.90 
2.96 
3.20 
3.25 
1.80 
1.80 
1.60 
1.40 
1.60 
1.65 
1.60 
1.70 
1.80 
1.75 
1.60 
1.85 
2.10 
1.60 
1.50 
1.60 
1.85 
1.80 
2.00 
2.20 
2.00 
1.80 
1.80 

May. 

1.80 
2.20 
2.65 
1.60 
1.70 
1.60 
1.70 
1.90 
2.00 
2.20 
2.65 
2.75 
3.35 
3.80 
4.20 
4.50 
4.60 
4.10 
3.80 
3.90 
4.00 
3.80 
3.80 
3.30 
3.60 
4.10 
4.20 
4.30 
4.30 
3.90 
3.90 

Juiie. 

3.90 
3.90 
3.90 
4.20 
4.30 
4.50 
5.05 
5.40 
5.20 
4.90 
4.85 
5.10 
5.50 
6.05 
6.05 
5.60 
5.50 
5.40 
•6.60 
5.70 
5.90 
6.25 
6.00 
5.80 
6.30 
5.00 
4.70 
4.60 
4.40 
4.30 

July. 

4.40 

4.60 

4.60 

4.30 

3.90 

3.80 

3.60 

3.50 

3.30 

3.10 

3.10 

3.00 

3.20 

3.20 

3.20 

3.10 

3.20 

2.90 

2.55 

2.30 

2.20 

2.05 

2.00. 

1.90 

1.90 

l.tiO 

1.80 

1.80 

1.80 

1.70 

1.50 

Aug. 

Sept. 

Oct 

0.30 
.30 
.30 
.30 
.35 
.40 
.60 
.50 

..50 
.60 
.60 
.60 
.60 
.70 
.70 
.70 
.70 
.70 
.70 
.80 
.70 
.70 
.80 
.80 
.80 
.80 
.80 
.70 
.70 
.76 
.80 

Nov. 

Dec. 

1 

1.50 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.60 

1.60 

1.50 

1.50 

1.50 

1.25 

1.20 

1.20 

1.20 

1.10 

1.10 

1.00 

1.00 

.95 

.90 

.90 

.80 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

0.80 
.80 
.80 
.70 
.65 
.60 
.60 
.60 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.60 
.40 
.40 
.45 
.50 
.50 
.60 
.50 
.50 
.40 
.40 
.30 
.30 
.30 
.30 

1 

1      2 

1.80 

1.30 

s:::::::::::::::: 

4 

2.10 

0.80 

5 

6 

7 

8 

2.30 

9 

l.GO 

1.00    1 

10 

-...-. ..1 

11 

2.10 

.80 

1 

12 

1 

13 

::::::::! 

14 

:.! 

15 

2.50 

1 

16 

1.70 

1.00    1 

17 

1 

18 

19 

2.20 

.90 

I 

20 

21 

22 

1.90 

2.70 

1 

28 

l.aO    I 

24 

...J 

26 

2.30 

.90 

1 

26 

1 

27 

::::::::i 

28 

1.90 

f 

29 

S.bO 

..1 

30 

1.30    ( 

31 

1 

1 

UINTA   RIVER  NEAR  WHITEROCK8,  UTAH. 

Uinta  River  has  its  source  on  the  southern  slope  of  the  Uinta  Moun- 
tains in  northeastern  Utah,  and  flows  in  a  general  southeasterly  direc- 
tion, emptying  into  Duchesne  River  about  16  miles  above  its  mouth. 
Its  drainage  area  is  included  within  the  Uinta  Indian  Reservation. 
During  the  fall  of  1899  an  investigation  of  the  water  supply  of  the 
Uinta  Indian  Reservation  was  begun  by  Cyrus  C.  Babb,  and  in  this 
connection  a  number  of  gaging  stations  were  established.  Uinta 
River  emerges  from  its  canyon  about  10  miles  northwest  of  the  Indian 
agency  at  Whiterocks,  and  at  this  point  a  gaging  station  was  estab- 
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lished  September  16,  1899.  The  gage  rod  is  a  2  by  4  inch  timber,  12 
feet  long,  bolted  to  two  trees  on  the  left  bank  of  the  stream.  The 
bench  mark  is  a  nail  in  an  aspen  tree  125  feet  north  of  the  rod,  and  its 
elevation  is  8.93  feet  above  gage  datmn.  Discharge  measurements  are 
made  by  car  and  cable.  The  bed  of  the  stream  is  very  rocky  and  strewn 
with  large  bowlders,  and  the  station  is  not  altogether  satisfactory, 
on  account  of  the  roughness  of  the  channel.  During  high  water  the 
velocity  undoubtedly  will  be  great,  owing  to  the  rapid  fall  of  the  water. 
A  few  hundred  yards  above  the  station  an  important  tributary  comes 
in  from  the  east.  At  the  present  location  a  second  channel  has  to  be 
measured,  but  it  will  never  carry  a  large  volume  of  water.  Farther 
down  the  stream  a  number  of  larger  channels  are  formed,  so  that  it  is 
difficult  to  obtain  a  satisfactory  station.  Daily  records  of  gage  heights 
were  not  maintained  at  this  point,  but  frequent  measurements  of  dis- 
charge were  made  by  Cyrus  C.  Babb  and  C.  T.  Prall  during  1899,  as 
follows: 

■  MeasureinenUt  of  l^nta  River  ivear  WhUcrochSj  Utah., 


1899. 


Date. 

Gage 
height. 

Discharge. 

Date. 

Gage 
hei^t. 

Discharge. 

September  16 

September  28 

October  6 

Feet. 
1.15 
1.00 
1.00 
1.10 
1.00 

SeocmA-feet. 
191 
142 
169 
16& 
141 

November  26 

FeeL 

1.00 

1.00 

.97 

1.00 

(a) 

Seamdrfed. 
119 
186 
186 
124 
86 

December  4 

December  11 

October  18 

December  18 

November  2 

December  28 

alee.  * 


WHITEBOCKS  RFVER  NEAR  WHrTEROCKS,  UTAH. 

This  stream  drains  the  country  immediately  east  of  the  head  waters 
of  Uinta  Biver.  It  has  its  source  in  the  peaks  of  the  Uinta  Mountains, 
which  attain  elevations  of  over  13,000  feet  The  general  course  of  the 
river  is  southerly,  and  it  joins  the  main  Uinta  through  numerous  chan- 
nels between  Whiterocks  and  Fort  Duchesne.  A  gaging  station  was 
established  in  the  canyon  of  this  river  about  10  miles  above  the  United 
States  Indian  agency  at  Whiterocks  on  September  15,  1899,  by  Cyrus 
C.  Babb,  in  connection  with  the  investigation  of  a  water  supp  y  for  the 
Uinta  Indian  Beservation.  The  gage  rod  consists  of  a  2  by  tt  inch  by 
12  foot  timber  bolted  to  the  triple  trunk  of  a  tree  on  the  left  bank  of 
the  stream.  The  bench  mark  is  a  nail  in  a  burnt  tree  50  feet  east  of  the 
rod,  and  is  at  an  elevation  of  10.12  feet  above  gage  datum.  Discharge 
measurements  are  made  from  a  car  and  cable  200  feet  above  the  gage 
rod.  The  bed  of  this  river  is  very  rocky,  is  strewn  with  large  bowlders, 
and  although  permanent  in  character  is  not  altogether  satisfactory 
l>ecau8e  of  the  fact  that  it  is  impossible  to  obtain  accurate  soundings. 
Daily  gage  heights  were  not  read  at  this  point,  owing  to  its  distance 
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from  any  reliable  observer.     The  following  discharge  measureinenti 
were  made  by  C.  C.  Babb  and  C.  T.  Prall  during  1899: 

MeatuTemeniti  of  Whiterocks  River  near  Whiterocks,  UtaJu 

1899. 


^^-                 hei^t    ^^^^^- 

Date. 

Gage 
hei^L 

1 
Discharge. 

September  15 ; 

1 

Second-feet. 
93 
58 
76 
85 
65 

1 

November  27 

1.05 

1.10 

.96 

.95 

(a) 

66 

September  29 

October  7 

1.00 
1.00 
1.10 
1.00 

December  5 

71    1 

December  12 

m 

October  17 

December  19 

f£ 

Novpmbor  I ... 

December  29 

66    , 

1 

alee. 
UINTA    RIVER  AT   FORT    DUCHESNE,  UTAH. 

This  river,  on  its  emergence  from  its  canyon,  spreads  out  in  numer- 
ous 'channels  over  its  flood  plain  until  a  short  distance  above  Fort 
Duchesne,  where  its  waters  are  collected  in  one  channel.  Whiterwb 
Kiver  enters  some  distance  above  this  point.  A  number  of  canals  for 
the  use  of  the  Indians  divert  water  between  Fort  Duchesne  and  the 
agency.  On  the  east  side  are  a  number  of*  small  ditches,  which  in  the 
aggregate  take  considerable  water;  but  the  amount  is  difficult  to  e;*ti- 
mate.  On  the  east  side  are  two  principal  ditches,  known  as  Canal  No. 
1  and  Bench  ditch.  The  former  was  measured  on  October  14,  189^*, 
and  was  then  carrying  16  second-feet;  its  maximum  capacity  is  about 
double  this  quantity.  Bench  ditch,  near  its  head,  on  the  same  day, 
was  discharging  49  second -feet;  its  maximum  capacity  is  somewhere 
in  the  neighborhood  of  75  second-feet.  This  station  was  established 
September  14,  1899,  in  connection  with  the  investigation  of  the  water 
supply  for  the  Uinta  Indian  Reservation,  and  is  located  at  the  highway 
bridge  at  the  fort.  The  permanent  rod  was  established  November  8, 
1899,  and  is  nailed  to  the  southern  end  of  the  east  crib  of  the  new 
bridge.  The  bench  mark  is  a  nail  in  the  southeast  crib  in  the  first 
header  above  the  bottom,  and  is  at  an  elevation  of  4,910.13  feet.  The 
elevation  of  the  zero  of  the  rod  is  4,907.20  feet.  Daily  gage  readings 
were  not  obtained  at  this  place.  The  following  measurements  of  d\^- 
charge  were  made  by  Cyrus  C.  Babb  and  C.  T.  Prall  during  1899: 

Meamiremenis  of  Uinla  Itiver  at  Fort  Duchesne^  Utah. 

1899. 


Date. 

Gfife 
height. 

Discharge. 

Date. 

Gage 
height. 

i 
Discharge. ' 

SeDtember  14 

Feet. 

SeoondrfeeU 

86 

71 

83 

102 

120 

December  1 

Feet. 
2.55 
2.43 
2.40 
2.35 
2.59 

1 

Sec(md'/eA.\ 

120    1 

September  26 

October  27 

2.30 
2.40 
2.50 
2.57 

December  8 

112    1 

December  13 

107 

November  3 

December  21 

102 

November  18 

December  27 

ISl    1 
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UINTA  RIVER  AT  OURAY   SCHOOL. 

This  river,  after  leaving  Fort  Duchesne,  receives  as  its  principal 
tributary  Dry  Gulch  Creek,  which  enters  from  the  west.  The  natural 
flow  of  this  tributary  occurs  only  during  flood  stages,  but  for  several 
years  there  has  been  a  constant  stream  in  it,  being  the  waste  water 
from  the  Indians'  ditches  above,  principally  from  Canal  No.  1  and 
Bench  ditch.  The  station  was  established  November  8,  1899,  and 
IS  located  at  the  highway  bridge  over  the  river  near  the  Ouray  School. 
The  rod  is  nailed  to  the  east  end  of  the  south  crib,  of  the  wagon  bridge. 
Iknch  mark  No.  1  is  the  head  of  a  nail  in  the  extreme  northeast 
corner  of  the  bridge  floor,  and  is  at  an  elevation  of  4,745.97  feet  above 
sea;  bench  mark  No.  2  is  a  nail  in  the  flagstaff  of  the  school,  with  an 
elevation  of  4,760  feet.  The  elevation  of  the  zero  of  the  rod  is  4,737.36 
feet.  During  low  water  measurements  are  made,  by  wading,  at  a 
section  200  feet  below  the  bridge,  and  at  high  stages  they  are  made 
from  the  bridge  itself.  The  section  is  a  good  one,  although  the  center 
pier  of  the  bridge  will  interfere  somewhat  with  the  accuracy  of  the 
results  when  measurements  are  taken  there.  The  following  measure- 
ments  of  discharge  were  made  by  Cyrus  C.  Babb  and  C.  T.  Prall 
during  1899: 

November  15,  gage  height,  0.53  foot;  discharge,  124  second-feet. 
November  20,  gage  height,  0.56  foot;  discharge,  124  second-feet. 
December  2,  gage  height,  0.49  foot;  discharge,  120  second-feet 
December  9,  gage  height,  0.50  foot;  discharge,  115  second-feet 
December  16,  gage  height,  0.45  foot;  discharge,  103  second-feet. 

Daily  gage  height  f  in  feet,  of  Uinia  River  at  Ouray  School,  Utah,  for  1899. 


Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 
.52 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1 

0.51 
.50 
.80 
.18 
.40 
.40 

9... 

17... 
18... 
19... 
20... 
21... 
22... 
28... 
24... 

0.68 
.64 
.60 
.68 
.66 
.50 
.59 
.62 

26... 
26... 
27... 
28... 
29... 
80... 
81... 

0.46 
.61 
.46 
.61 
.58 
.50 

2 

10... 

11... 

4 

12... 
13... 
14... 
16... 
16... 

0.67 
.65 
.68 
.67 
.99 

6 

6 

7 

8 

.60 

DUCHESNE  KIVER  AT  PRICE   ROAD  BRIDGE,  UTAH. 

This  stream  has  its  source  in  the  high  peaks  of  the  Uinta  and  Wasatch 
mountains,  and  flows  in  a  general  easterly  direction,  emptying  into 
Green  River  3  miles  above  the  mouth  of  White  River.  Practically 
the  entire  drainage  basin  is  included  within  the  Uinta  Indian  Reserva- 
tion. Strawberry  Creek  is  an  important  tributary  of  the  Duchesne 
and  includes  within  its  basin  a  tract  of  very  fine  grazing  land,  known 
as  Strawberry  Valley.  The  area  is  of  a  rolling  character  in  contrast  to 
the  basin  of  the  upper  Duchesne,  which  is  distinctly  mountainous. 
A  number  of  measurements  were  made  of  the  tributaries  of  Duchesne 
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River  in  the  fall  of  1899,  in  connection  with  the  water-supply  investi- 
gations for  the  Uinta  Indian  Reservation.  In  Strawberry  Valley  a 
number  of  small  tributaries,  averaging  about  one  second-foot  each, 
contribute  to  the  supply  of  the  river.  In  September,  1899,  Currant 
Creek  was  discharging  20  second-feet  at  the  crossing  of  the  Provo  and 
Fort  Duchesne  road.  Red  Creek,  farther  to  the  east,  was  at  the  same 
date  carrying  8  second-feet.  Strawberry  Creek  4  miles  above  its 
mouth  was  measured  on  September  10  and  found  to  be  carrying  134 
second-feet.  Duchesne  River  immediatel}'  above  Strawberry  Creek 
was  carrying  on  the  same  day  302  second-feet.  Lake  Creek  is  an  impor- 
tant tributary  of  Duchesne  River  from  the  north.  At  the  bridge  near 
its  mouth  it  was  found  to  be  carrying  128  second-feet  on  September 
11.  The  station  on  Duchesne  River  was  established  October  26, 1899, 
and  is  located  3  miles  below  the  mouth  of  Lake  Creek  at  the  highway 
bridge  on  the  stage  road  from  Price  to  Fort  Duchesne.  The  perma- 
nent gage  rod  was  placed  November  16,  1899,  and  is  nailed  to  the  east 
Bide  of  the  center  pier.  Bench  mark  No.  1  is  a  wire  nail  in  a  log  close 
to  the  rod,  and  is  opposite  the  7-foot  mark.  Bench  mark  No.  2  Ls  a 
wire  nail  on  the  west  side  of  the  crib,  with  an  elevation  of  5.48  feet 
above  gage  datum.  The  section  at  this  point  is  very  good,  with  a 
moderate  velocity  of  water.  There  is  one  pier  in  the  center  of  the 
stream  which  does  not  materially  affect  the  accuracy  of  the  results  at 
low  water,  but  presumably  will  to  a  certain  extent  during  the  flood 
season.  The  following  measurements  of  discharge  were  made  by  Cynw 
C.  Babb  and  C.  T.  Prall  during  1899: 

October  26,  gage  height,  6.48  feet;  discharge,  403  second-feet 
November  16,  gage  height,  5.50  feet;  discharge,  436  second-feet 
November  29,  gage  height,  5.38  feet;  discharge,  360  seoond-feet 
December  7,  gage  height,  5.50  feet;  discharge,  386  second  feet 
December  14,  gage  height,  5.10  feet;  discharge,  309  second-feet 

Daily  gage  heighl,  infeeif  of  Duchesne  River  at  Price  road  bridge,  IMh,  for  1899. 


Day. 

Dec. 

1 

2 

3 

4 

6 

6 

7 

5.32 
5.82 
5.36 
5.20 
5.52 

Day. 


8. 

9. 
10. 
11. 
12. 
IS. 


Dec. 


5.62 
5. 52 
5.04 
6.04 
5.00 
5.00 


Day. 


14. 
16. 
16. 
17. 
18. 
19. 


Dec. 


5.00 
5.05 
6.06 
5.15 
5.40 
5.40 


Day. 


20. 
21. 
22. 
28. 
24. 
25. 


Dec 


5.40 
5.35 
5.45 
5.65 
6.75 
5.92 


Day. 


26. 
27. 
28. 
29. 
30. 
31. 


Dec- 


I 


5.91  ' 
6.96 

&00  ' 

6.00  ; 

6.00  ( 


GBEEN   RIVER  AT   BLAKE,  UTAH. 

This  river,  in  the  lower  portion  of  its  course,  drains  a  rough  and 
broken  country  in  eastern  Utah  not  susceptible  of  irrigation  and  hardly 
adapted  to  grazing  purposes.  It  is  in  canyon  most  of  its  way  belov; 
the  Rio  Grande  Western  Railway  and  is  very  inaccessible.     About  t>*' 
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miles  below  the  railroad  crossing  it  receives  the  waters  of  Grand  River, 
and  the  two  streams  form  Colorado  Kiver.  The  station  located  at 
Blake,  Utah,  was  established  October  21, 1894.  The  rod  of  the  wire 
gage  is  nailed  to  the  guard  I'ail  on  the  lower  side  of  the  railroad  bridgiB. 
The  elevation  of  the  top  of  the  pier,  to  which  the  old  vertical  rod  is 
attached,  is  22  feet  above  gage  datum.  The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  278;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  398;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  387.  One  measurement  of 
discharge  was  made  during  1899  by  J.  S.  Baker,  on  June  28,  when,  at 
a  gage  height  of  10. 19  feet,  a  discharge  of  52,378  second-feet  was  found. 

Daily  gage  heighi,  in  feety  of  Green  River  at  Blake,  Utah,  for  1899. 


Day. 

• 

Jan. 

Feb. 

2.10 
2.10 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Mar. 

2.00 
2.00 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.80 
2.30 
2.30 
2.30 
2.36 
2.40 
2.40 
2.40 
2,50 
2.60 
2.70 
2.85 
3.05 
3.25 
3.45 
3.65 
3.86 
4.05 
4.25 
4.10 
8.76 

Apr. 

8.66 
3.60 
3.50 
3.50 
3.40 
3.40 
3.40 
3.30 
8.30 
3.20 
3.20 
3.30 
3.30 
8.30 
3.40 
3.50 
8.60 
8.75 
3.96 
4.16 
4.35 
4.55 
4.75 
4.95 
6.06 
6.25 
5.46 
6.65 
5.86 
6.00 

May. 

6.85 
5.65 
6.55 
5.25 
6.05 
4.86 
4.96 
6.15 
5.50 
6.90 
6.16 
6.35 
6.66 
6.66 
6.95 
7.30 
7.55 
7.75 
7.75 
7.65 
7.60 
7.60 
7.50 
7.50 
7.40 
7.25 
7.06 
6.90 
6.95 
7.06 
7.10 

June. 

July. 

Aug. 

6.40 
6.16 
5.20 
6.60 
6.66 
6.40 
6.30 
6.16 
6.00 
5.85 
5.66 
6.46 
6.25 
6.20 
5.10 
5.00 
4.96 
4.85 
4.76 
4.66 
4.66 
4.46 
4.26 
4.06 
3.86 
8.65 
3.50 
8.60 
8.46 
8.40 
3.30 

Sept. 

Oct. 

2.60 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

•  •  •  •      ■  •  • 

•  ■     a     •    •    ■    w    w 

1 

1.80 
1.80 
1.80 
1.80 
1.80 
l.HO 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 

7.16 
7.26 
7.35 
7.45 
7.65 
7. 65 
7.75 
7.85 
8.06 
8.20 
8.30 
8.40 
8.50 
8.50 
8.66 
8.90 
9.20 
9.15 
9.10 
9.40 
9.50 
9.75 
9.90 
10.00 
10.06 
10.25 
10.80 
10.16 
9.96 
9.75 

9.65 
9.36 
9.15 
8.95 
8.76 
8.55 
8.40 
8.30 
8.20 
8.10 
8.00 
7.90 
7.80 
7.70 
7.60 
7.50 
7.40 
7.30 
7.15 
7.00 
6.86 
6.66 
6.46 
6.25 
6.06 
6.90 
6.75 
5.60 
6.50 
6.60 
6.45 

3.26 
3.20 
8.20 
3.20 
8.20 
3.10 
3.10 
8.10 
3.10 
3.00 
3.00 
3.00 
2.90 
2.85 
2.80 
2.80 
2.80 
2.70 
2.70 
2.66 
2.60 
2.60 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2,50 
2.50 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1 

- 

Station  discontinued  November  15. 


GRAND   RIVER   AT   GLENWOOD   SPRINGS,  COLORADO. 

This  river  has  its  source  on  the  western  slope  of  the  Continental 
Divide  in  north-central  Colorado,  near  the  head  waters  of  North  Platte, 
South  Platte,  and  Arkansas  rivers.  It  flows  in  a  genei'al  southwesterly 
direction,  passing  out  of  the  State  into  Utah,  where  it  joins  the  Green 
'River  to  form  the  Colorado.  Little  irrigation  is  piticticed  along  the 
main  stream,  owing  to  the  comparatively  small  area  of  land  that  can  be 
utilized  for  that  purpose.  Two  stations  were  maintained  on  this  river 
during  1899,  one  at  Glenwood  Springs  and  the  other  at  Grand 
cTunction,  Colorado.  The  former  station  was  established  by  A.  L. 
^Fellows  May  12,  1899,  at  the  request  of  the  Denver  and  Rio  Gmnde 
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Railroad  Company,  and  is  located  at  the  railroad  bridge  one-fourth  of 
a  mile  west  of  the  railroad  station,  and  above  the  mouth  of  Boaring 
Fork.  A  wire  gage  is  here  used.  Discharge  measurements  are  made 
at  the  wagon  bridge  opposite  Colorado  Hotel  in  the  town.  The  chan- 
nel is  good,  composed  of  gravel  and  rock,  and  not  liable  to  great 
changes.  The  banks  are  not  subject  to  overflow,  (rage  readings  were 
taken  only  during  the  high-water  season,  having  been  discontinaed 
July  17,  but  the  station  will  probably  be  resumed  in  1900,  when 
continuous  measurements  will  be  made.  Roaring  Fork  was  measured 
twice  during  the  year,  the  first  time  on  June  17,  when,  during  the 
flood  stage,  the  discharge  was  found  to  be  11,258  second-feet;  the  second 
time  on  November  17,  when  a  discharge  of  467  second-feet  was  found. 
Three  measurements  at  the  gaging  station  were  made  by  A.  L.  Fellows 
in  1899.  The  first,  on  May  12,  at  a  gage  height  of  6.05  feet,  showed 
a  discharge  of  17,577  second-feet;  the  second,  on  June  17,  at  a  gage 
height  of  10.22  feet,  showed  a  discharge  of  29,187  second-feet;  the 
third,  on  November  17,  at  a  gage  height  of  2.75  feet,  gave  a  dischai-ge 
of  1,084  second-feet. 

DaUy  ga^e  heighty  in  feet,  of  Orand  River  at  Olenwood  Springs,  Colorado,  for  1899. 


Day. 

May. 

June. 

7.60 
7.40 
7.35 
7.20 
6.65 
6.45 
6.40 
6.60 
7.60 
7.85 
8.25 

July. 

6.90 
7.10 
7.00 
7.00 
6.80 
6.70 
6.50 
6.40 
6.40 
6.20 
6.10 

Day. 

May. 

June. 

July. 

Day. 

May. 

June. 

July.  ( 

1 

1... 

12.... 
18.... 
14.... 
16.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 

6.05 
6.80 
7.50 
7.85 
8.15 
7.75 
7.66 
7.80 
8.00 
7.50 
6.75 

9.35 
10.05 
10.40 
10.30 
10.10 
10.10 
10.20 
10.60 
10.65 
10.60 
10.40 

5.90 
5.60 
5.30 
5.00 
4.90 
4.70 

23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29.... 

30 

31.... 

6.20 
6.30 
6.65 
7.15 
7.65 
7.70 
7.45 
7.50 
7.60 

9.70 
9.30 
8.80 
8.50 
8.40 
8.20 
7.20 
7.00 

1 

2... 

, 

8... 

1 

4... 

5... 

6... 

7... 

8... 

9... 

1 

10... 

1 

11... 

1 

1 

Station  discontinued  July  18. 


GRAND   RIVER  AT  GRAND  JUNCTION,    COLORADO. 

The  station  at  this  point,  established  October  18,  1894,  is  located  at 
the  wagon  bridge  across  Grand  River,  near  the  pump  house  of  the  city 
waterworks  at  Grand  Junction  and  a  short  distance  above  the  mouth 
of  Gunnison  River.  The  river  at  this  point  discharges  through  two 
channels,  and  a  separate  record  of  each  is  maintained,  with  separate 
discharge  measurements.  The  water  in  the  right-hand  channel  does 
not  run  during  the  entire  year,  and  in  1899  there  was  a  discharge  in  it 
extending  only  from  May  10  to  July  16,  inclusive.  Gfige  rod  No.  1, 
in  the  right-hand  channel,  consists  of  a  4  by  6  inch  timber  bolted  to 
the  bridge  abutment  on  the  right-hand  side  of  the  right  channel.  The 
bench  mark  is  the  top  of  the  bridge  abutment  and  is  12  feet  above  gage 
datum.     The  horizontal  wire  gage  No.  2  is  fastened  to  the  upper  side 
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of  the  bridge  over  the  left  channel.  The  bench  mark  is  a  cross  on  iron 
post  of  bridge  at  592-foot  mark  on  right  abutment,  and  is  31  feet  above 
gage  datiim.  The  results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  261 ;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  401;  1898,  Twentieth  Annual  Report, 
Pali;  IV,  page  389.  Only  two  measurements  of  discharge  were  made 
during  the  year  on  the  right  channel,  and  these  by  A.  L.  Fellows.  The 
first,  on  May  13,  with  a  gage  height  of  3.15  feet,  gave  a  discharge 
of  2,758  second-feet;  the  second,  on  June  18,  with  a  gage  height  of 
6.65  feet,  showed  a  discharge  of  8,954  .second-feet.  During  1899  the 
following  measurements  of  discharge  on  the  left  channel  were  made 
by  A.  D.  Fellows: 

April  15,  gage  height,  4.70  feet;  discharge,  2,946  second-feet. 
May  13,  gage  height,  10  feet;  discharge,  20,395  second-feet. 
June  18,  gage  height,  11.55  feet;  dischai^,  30,000  second-feet. 
September  19,  gage  height,  4.20  feet;  discharge,  1,989  second-feet 
November  18,  gage  height,  3.90  feet;  disoharge,  1,916  second-feet. 

DoiUy  ffoge  height^  xnfeet^  of  Grand  River  at  Orand  JuncHon,  Colorado^  far  1899, 


[Rod  No.  1.] 


Day. 

Hay. 

Jane. 

July. 

Day. 

May. 

June. 

July. 

Day. 

May. 

June. 

July. 

1... 

8.90 
8.96 
8.80 
8.40 
8.06 
2.96 
2.96 
8.26 
8.46 
8.90 
4.86 

8.90 
4.00 
4.10 
8.90 
8.40 
2.90 
2.66 
2.26 
1.90 
1.60 
1.20 

12-... 

Iw.as. 

14.... 
16.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 

1.96 
8.06 
8.66 
4.00 
4.80 
4.46 
4.10 
4.20 
4.20 
4.16 
8.60 

4.86 
6.45 
6.80 
6.90 
6.86 
5.76 
6.70 
6.90 
6.10 
6.46 
6.10 

0.90 
.96 
.80 
.20 

28.... 
24.... 
26.... 
26. ... 

27 

28.... 
29.... 
80.... 

vl .... 

2.70 
2.60 
2.96 
8.86 
8.86 
4.10 
8.86 
8.80 
8.96 

6.80 
6.20 
4.86 
4.70 
4.60 
4.10 
4.00 
8.96 

2... 

10... 
U... 

0.40 
.90 

Water  was  ninning  In  this  channel  only  daring  the  time  when  recordi  are  glyen. 

IBB  37 7 
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Iktily  gage  hdghij  infeet,  of  Grand  River  at  Orand  JuncUon,  Colorado,  for  IS99. 

[Rod  No.  2.) 


Day. 

Feb. 

Mar. 

3.80 
8.80 

Apr. 

3.40 
S.45 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

D*^. 

1    

6.75 

6.45 

6.80 

6.06 

6.80 

5.76 

6.00 

6.40 

6.96 

7.50 

8.16 

8.96 

9.75 

10.25' 

10.66 

10.86 

10.80 

10.70 

10.80 

10.80 

10.60 

10.05 

9.50 

9.66 

9.96 

10.46 

10.76 

10.70 

10.45 

10.40 

10.60 

1 

10.50 
10.66 
10.45 
10.00 
9.50 
9.85 
9.30 
9.66 
9.86 
10.30 
10.45 
10.70 
11.20 
11.60 
11.70 
11.66 
11.66 
11.60 
11.80 
11.90 
11.96 
11.80 
11.66 
11.15 
10.90 
10.80 
10.66 
10.46 
10.40 
10.86 

10.80 
10.50 

6.50 
6.50 

4.45 
4.66 
4.60 
4.45 
4.35 
4.80 
4.20 
4.20 
4.16 
4.10 
4.10 
4.10 
4.06 
8.96 
4.10 
4.36 
4.30 
4.90 
4.20 
4.15 
4.10 
4.05 
8,96 
8.90 
3.90 
3.90 
8.95 
3.90 
8.90 
8.90 

2 

8 

8.80     8.66 

10.60     6.40 

10.35  !  7.36 

9.90     7.00 

9.70     6.85 

8.80 

4 

8.40 

3.60 
3.60 
3.60 
3.60 
8.60 
3.60 
3.70 
3.76 
8.86 
4.06 
4.40 
4.60 
4.66 
4.90 
6.20 
5.45 
6.56 
5.35 
6.16 
5.86 
6.96 
6.66 
7.00 
7.56 
7.70 
7.25 
7.10 

5 

6 

7 

9.65 
9.80 
9.05 
8.86 
8.70 
8.66 
8.66 
8.65 

6.65 
6.45 
6.20 
5.90 
5.75 
5.66 
5.56 
5.45 

6 

8.00 

9 

10 

8.90 

8.90 

11 

3.60 

12 

3.70a 

18 

14 

.....£ 

16 

8.40 

8.40     6.40 

3.90 

16 

8.36 
8.16 
7.86 
7.66 
7.46 
7.85 
7.26 
7.16 
7.06 
6.96 
6.86 
6.66 
6.60 
6.55 
6.50 
6.50 

6.86 
5.26 
5.20 
6.15 
4.95 
4.85 
4.76 
4.65 
4.55 
4.50 
4.45 
4.40 
4.80 
4.80 
4.30 
4.30 

17 

...*•• 

18 

8.60 

19 

4.40 

20 

21 

• 

22 

4.10 
4.10 
4.10 
4.00 

8.80 

8.90 

28 

24 

26 



26 

1 

1 

27 

4.00 

28 

29 

8.70 

8.90 

( 

80 

81 

a  Riyer  f rocen. 


UNOOMPAHGBK  RIVBR  AT   FORT   CRAWFORD,    COLORADO. 

This  river  has  its  source  in  Ouray  County,  in  the  high  peaks  in 
southwestern  Colorado,  and  flows  in  a  general  northwesterly  direction, 
entering  Gunnison  River  at  Delta.  The  upper  portion  of  its  drainage 
basin  is  mountainous,  but  proceeding  downstream  the  character 
changes  to  a  more  rolling  country,  and  irrigation  is  possible  along  the 
valleys  and  adjacent  mesas.  In  the  vicinity  of  Montrose  a  number  of 
canals  divert  nearly  all  of  the  low  water  flow,  and  recourse  must  be 
had  to  storage  for  the  further  irrigation  of  the  country.  The  station 
established  June  25,  1895,  is  located  about  one-half  mile  east  of  the 
depot  at  Fort  Crawford,  at  a  wagon  bridge,  and  is  about  8  miles 
above  Montrose.  The  gage  consists  of  an  inclined  timber  bolted  to 
the  bridge  trestle  on  the  right-hand  side  of  the  stream.  The  bench 
mark  is  a  spike  driven  into  the  base  of  a  cottonwood  post  near  by,  and 
is  9.18  feet  above  gage  datum.  The  channel  has  been  changing  a 
great  deal,  and  a  new  location  for  the  station  will  probably  be  found 
during  the  next  season.  On  September  20  a  measurement  of  this 
river  was  made  at  Montrose,  at  a  gage  height  of  0.40  foot,  which 
gave  a  discharge  of  15  second-feet.  On  November  20,  at  a  gage 
height  of  0.45  foot,  at  the  same  point,  the  discharge  was  15  second-feet^ 
A  measurement  of  Montrose  canal  at  its  head  gate  was  made  Septem- 
ber 21,  at  a  gage  height  of  0.67  foot,  and  showed  a  discharge  of  80 


COLORADO. 


297 


second-feet.  Results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  266;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  402;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  391.  The  following  measurements  of  discharge  were 
made  by  A.  L.  Fellows  during  1899: 

April  16,  gage  height,  4.50  feet;  discharge,  328  second-feet. 
May  15,  gage  height,  5.22  feet;  discharge,  747  second-feet. 
June  19,  gage  height,  5.18  feet;  discharge,  773  second-feet. 
September  21,  gage  height,  3.65  feet;  discharge,  69  second-feet 
November  26,  gage  height,  3.70  feet;  discharge,  79  second-feet. 

DaUy  gage  height,  in  feety  of  Uncompahgre  River  cd  Fori  Crawford,  Colorado,  for  1899, 


Day. 

Apr. 

May. 

Jane. 

July. 

Ati«:. 

Sept.    1 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

4.85 
4.45 

5.05 
5.05 

4.70 
4.70 

4.00 
4.15 

3.00  ! 
3.00 

17 

18 

4.55 
4.60 

6.35 
5.45 

6.85 
5.85 

4.35 
4.45 

3.86 
8.85 

8.70 
8.60 

2.... 

8.80 

o. ... 

8.85 

4.86 

4.80 

4.65 

4.80 

2.95 

19 

4.65 

5.80 

5.9) 

4.45 

3.80 

3.70 

4.... 

8.80 

4.85 

4.40 

4.25 

4.65 

2.95 

20 

4.46 

4.95 

5.25 

4.35 

3.80 

3.75 

6.... 

3.88 

4.80 

4.85 

4.85 

4.55 

2.80 

21 

4.35 

4.90 

5.10 

4.35 

8.76 

3.75 

6.... 

8.82 

4.40 

5.05 

4.25 

4.80 

2.80 

22 

4.40 

4.80 

5.05 

4.25 

3.70 

3.60 

?.•.. 

8.80 

4.35 

5.05 

4.20 

8.90 

2.80 

23 

4.60 

4.80 

4.95 

4.05 

3.70 

3.50 

8.... 

8.85 

4.30 

5.00 

4.10 

3.95 

2.80 

24 

4.58 

4.65 

4.80 

4.10 

8.35 

8.50 

9.... 

8.95 

4.85 

5.15 

4.25 

8.80 

2.80 

25 

4.75 

4.95 

4.80 

4.10 

3.85 

3.65 

10.... 

4.25 

4.40 

5.45 

4.20 

3.90 

2.75 

26 

4.70 

5.00 

5.00 

4.20 

3.85 

8.55 

11.... 

4.15 

4.70 

5.40 

4.35 

4.00 

2.80 

27 

4.68 

5.10 

4.90 

4.86 

3.60 

8.50 

12.... 

4.25 

4.65 

5.45 

4.45 

4.00 

2.85 

28 

4.55 

5.10 

4.85 

4.00 

8.45 

8.50 

IS.... 

4.30 

4.90 

5.85 

4.50 

8.95 

2.90 

29 

4.45 

6.10 

4.85 

4.10 

8.40 

3.46 

14.... 

4.85 

5.10 

5.75 

4.50 

8.95 

3.85 

30 

4.30 

5.36 

4.70 

4.16 

8.30 

8.46 

15.... 
16.... 

1 

4.40 
4.55 

5.15 
5.25 

5.85 
5.55 

4.85 
4.40 

8.95 
8.85 

8.95 
3.70 

31 

6.35 

4.05 

8.20 

Closed  for  the  winter  September  30. 


GUNNISON   RIVER   AT  GRAND  JUNCTION,  COLORADO. 

This  river,  the  principal  tributary  of  Grand  River,  has  its  source 
on  the  western  slope  of  the  Continental  Divide  in  south-central  Colo- 
rado, and  flows  in  a  general  westeriy  direction  into  Grand  River  at 
Grand  Junction.  There  were  two  gaging  stations  maintained  within 
its  basin  during  the  last  season,  one  at  Fort  Crawford,  on  the  Uncom- 
pahgre, and  the  other  at  Grand  Junction,  at  the  mouth  of  Gunnison 
River.  This  latter  station  was  established  in  May,  1897,  and  is 
located  at  the  iron  highway  bridge  one  and  one-half  miles  from  the 
town  of  Grand  Junction.  The  gage  is  vertical  and  consists  of  a  timber 
bolted  to  the  stone  pier  of  the  bridge.  Tha  bench  mark  is  the  top  of 
the  capstone  of  the  bridge  pier,  and  is  17.60  feet  above  gage  datum. 
The  measurements  here  are  not  satisfactory,  owing  to  the  fact  that  at 
high  stages  of  Grand  River  the  water  backs  up  the  mouth  of  the  Gun- 
nison considerably  above  the  point  where  the  gage  rod  upon  the 
latter  is  located,  thus  affecting  the  gage  readings  so  seriously  that  no 
satisfactory  rating  table  can  be  made  for  this  point.  The  station  will 
not  be  resumed  the  coming  year.  Results  of  measurements  may  be 
found  as  follows:     1897,  Nineteenth  Annual  Report,  Part  IV,  page 
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405;  1898,  Twentieth  Annual  Report,  Part  IV,  page  890.  The  fol- 
lowing measurements  of  discharge  were  made  by  A.  L.  Fellows  during 
1899: 

April  15,  gage  height,  3.50  feet;  dischaige,  3,002  seoond-feet 
May  13,  gage  height,  7  feet;  dischai^ge,  14,280  second-feet 
June  18,  gage  height,  7.15  feet;  discharge,  12,769  seoond-feet 
September  19,  gage  height,  2.20  feet;  discharge,  1,061  second-feet 
November  18,  gage  height,  2  feet;  discharge,  968  second-feet 

Daily  gage  height,  infeei,  of  Gunaison  Biver  at  Grand  Junction,  Colorado,  for  1899. 


Day. 

Apr. 

May. 

4.60 

June. 

July. 

Aug. 

1 
Sept.   1 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

1.... 

2.00 

6.60 

1 
6.60     3.00 

1.80  < 

17 

3.90 

7.80 

7.20 

3.80 

2.70 

L80 

2.... 

2.10 

4.60 

6.60 

6.40 

4.80 

1.90 

18 

4.20  '  7.00 

7.10 

8.80 

2.60 

LSD 

3.... 

2.00 

4.40 

6.40 

6.60 

3.10 

1.80  , 

19 

4.80  '  7.10 

7.20 

8.70 

2.60 

2.10 

4.... 

2.00 

4.00 

6.00 

6.60 

3.80 

1.90  ' 

20 

4.60  1  7.80 

7.80 

8.90 

2.60 

2.00 

6.... 

2.00 

4.00 

6.60 

6.40 

4.00 

1.90  1 

21 

4.20     7.00 

7.20 

8.80  ;  2.40 

1.80 

6.... 

2.00 

4.00  '  6.50     6.00 

3.60 

1.90  1 

22 

3.90     6.60 

7.10 

8.70     2.40 

i.eo 

7.... 

2.10 

4.10     6.50 

4.90 

3.40 

2.00^ 

28 

4.20  ■  6.80 

6.80  1  8.60  ;  2.20 

LOO 

8.... 

2.10 

4.30  1  5.80 

4.20 

3.30 

1.90  1 

24 

4.70 

5.90 

6.60 

3.60  1  2.10 

L60 

9.... 

2.20 

4.80 

5.90 

4.20 

3.20 

1.60  1 

25 

6.00 

6.SB0 

6.40 

3.80  1  2.00 

LOO 

10.... 

2.30 

5.20 

6.00 

4.10 

3.20 

1.60  1 

26 

5.40 

6.40 

6.40 

3.20  1  1.80 

L50 

11.... 

2.60 

6.80 

6.60 

4.00 

3.00 

1.60 

27 

6.70 

6.60 

6.50 

8.00 

L80 

L40 

12.... 

2.80 

6.30 

6.90 

3.90 

2.70 

1.40 

28 

5.60  1  6.70 

6.10 

8.80 

L80 

L«   1 

1».... 

8.00 

6.60 

7.80 

8.90 

2.70 

1.40  > 

29 

6.40     6.60 

6.80 

8.60 

1.80 

L« 

14.... 

8.40 

V7.20 

7.50 

4.00 

2.70 

1.60 

30 

6.00 

6.40 

5.70 

8.80 

1.80 

L30 

16.... 
16.... 

3.60 
8.70 

7.40 
7.60 

7.50 
7.« 

4.00 
3.90 

2.70 
2.70 

1.80 
1.80 

31 

6.60 

8.20 

2.10 

station  disoontinned  September  SO. 

[Continued  in  Water-Supply  and  Irrigation  Paper  No.  38.] 
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OPERATIONS  AT  RIVER  STATIONS,  1899. 

PART  IV. 


M£ASUREMi::NTr8  AT  RIVER  STATIONS.* 

DOLORES  RIVEB  AT  DOLORES,  COLORADO. 

This  river  is  the  last  important  tributary  of  Grand  River.  It  has 
its  source  in  the  La  Plata  and  San  Miguel  mountains,  in  which  the 
highest  peak,  Mount  Wilson,  attains  an  elevation  of  14,280  feet.  Its 
course  is  in  a  general  northwesterly  direction.  Crossing  into  Utah  it 
shortly  joins  Grand  River.  In  the  vicinity  of  Dolores  considerable 
irrigation  is  practiced,  both  from  small  ditches  and  from  one  or  two 
large  systems.  The  main  canal  of  the  Montezuma  Valley  irrigation 
system  diverts  water  from  the  left  bank  of  the  river  a  short  distance 
below  the  gaging  station,  and  after  crossing  the  divide  between  the 
Dolores  and  San  Juan  drainage  irrigates  land  in  the  vicinity  of  Cortez. 
A  lower  lateral  of  this  system  serves  land  to  the  northwest  of  Dolores. 
The  gaging  station  is  located  one-half  mile  above  the  railroad  station 
at  Dolores,  Colorado.  The  gage  rod  consists  of  a  vertical  plank  bolted 
to  the  abutment  of  a  footbridge  on  the  left  side  of  the  river.  The 
bench  mark  consists  of  a  nail  driven  into  the  base  of  a  cottonwood 
tree  18  feet  southwesterly  from  the  gage,  and  is  16.60  feet  above  gage 
datum.  The  right  bank  is  low  and  the  left  bank  high;  the  water  moves 
with  a  good  velocity;  the  bed  of  the  stream  is  composed  of  small 
stones  and  gravel.  Dolores  River  at  Rico,  Colorado,  was  measured 
three  times  during  the  year:  April  19  the  discharge  was  168  second- 
feet;  September  22,  23  second-feet,  and  November  22,  16  second-feet. 
Results  of  measurements  at  this  station  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  263;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  408;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  393.  The  following  discharge  measurements  were 
made  by  A.  L.  Fellows  during  1899: 

April  20,  gage  height,  3.60  feet;  diflchai^,  613  second-feet. 
May  17,  gage  height,  4.15  feet;  discharge,  963  second-feet. 
June  22,  gage  height,  3.30  feet;  discharge,  307  second-feet. 
November  22,  gage  height,  2.70  feet;  discharge,  56  second-feet 

1  Gontiniied  from  Water-Supply  and  Irrigation  Paper  No.  87. 
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OPERATIONS   AT   RIVER   STATI0K8,  1899. — PART   IV.        [ko.88. 


Daily  gage  height^  in  feet,  of  Dolores  River  at  DohreSj  Colorado,  for  1899. 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

1 
Not. 

1 
Dec. 

1 

2.60 
2.70 
2.70 
2.85 
2.85 
2.85 
2.95 
2.95 
3.05 
8.05 
8.20 
8.85 
8.25 
8.40 
8.60 
8.60 
8.60 
8.70 
4.05 
3.65 
3.55 
8.85 
8.90 
4.00 
4.05 
4.00 
3.90 
8.75 
8.55 
8.20 

8.05 
2.90 
8.15 
8.15 
8.80 
8.45 
3.70 
3.70 
3.60 
8.90 
4.10 
4.35 
4.65 
4.75 
4.75 
4.56 
4.15 
4.20 
4.40 
4.05 
8.60 
8.70 
8.85 
4.15 
4.00 
4.00 
3.85 
3.80 
3.80 
8.85 
3.85 

3.75 
8.75 
8.55 
3.40 
8.40 
8.40 
165 
175 
185 
105 
190 
190 
185 
185 
170 
160 
150 
160 
160 
140 
180 
180 
125 
120 
120 
185 
140 
125 
110 
110 

110 
115 
125 
110 
110 
110 
110 
110 
100 
2.90 
2.90 
100 
115 
115 
110 
110 
110 
120 
140 
115 
110 
100 
100 
2.95 
2.90 
2.85 
2.90 
2.90 
100 
125 
115 

2.95 
2.95 
150 
185 
160 
180 
170 
140 
125 
105 
100 
2.95 
2.90 
2.90 
2.95 
115 
115 
120 
105 
2.90 
2.90 
2.85 
2.75 
2.70 
2.70 
2.00 
2.60 
2.60 
2.60 
2.60 
2.55 

2.65 
2.60 
2.60 
2.00 
2.50 
2.50 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.55 
2.80 
2.80 
2.70 
2.70 
2.65 
2.60 
2.60 
2.65 
2.50 
2.50 
2.50 
2.50 
2.50 
^60 
2.60 
2.60 

2.60 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
110 
180 
125 
lOU 
100 
100 
100 
100 
2.05 
2.85 
Z80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 

2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 
2.65 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.65 

2.55 
2.55 
2.55 
2.56 
2.75 

2 ■ 

8 

4 

5 

6 

2.95    1 

7 

100    ' 

8 

110    1 

9 

3  10 

10 

110    ' 

11 

110    1 

12 

100 

18 

100 

14 

100 

15 

3.00 

16 

100 
105 
lOS 
105 
100 
3.00 
100 
100 
2.95 
2.96 
2.90 
100 
100 
100 
100 
105 

17 

18 

19 

20 

21 

22 

2.40 
2.40 
2.40 
2.50 
2.80 
2.55 
2.75 
2.60 
2.66 
2.50 

1 

28 

24 

25 

26 

27 

28 

29 

80 

81 

BAN   MIGUEL  RIVER  AT  FALLCREEK,  OOLDRADO. 

This  river  has  its  source  in  the  high  mountain  peaks  in  the  south- 
western corner  of  San  Miguel  County,  and  drains  an  area  immediately 
to  the  westward  of  the  head  waters  of  Uncompahgre  River.  The 
general  direction  of  the  river  is  northeasterly,  and  it  enters  Dolores 
River  in  the  western  part  of  Montrose  County,  Colorado.  The 
station,  established  in  June,  1895,  is  located  about  300  yards  south- 
west of  Fallcreek,  a  railroad  station  on  the  Rio  Grande  Southern 
Railroad.  The  gage  is  vertical  and  spiked  to  the  west  side  of  the  north 
abutment  of  the  wagon  bridge.  Bench  mark  No.  1  is  a  bolthead  in 
the  north  end  of  the  west  truss,  1  foot  from  the  gage,  and  is  11.15  feet 
above  gage  datum.  Bench  mark  No.  2  is  a  spike  driven  into  a  tree 
200  feet  northwest  of  the  rod,  and  is  8.65  feet  above  gage  datum. 
Fall  Creek  enters  the  San  Miguel  about  200  feet  below  the  gage.  On 
May  16, 1899,  it  was  found  to  be  carrying  62  second-feet,  and  on  June 
21,  45  second-feet  The  results  of  measurements  on  the  main  river 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  P&rt  IV, 
page  265;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  407;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  895.  The  following  meas- 
urements of  discharge  were  made  by  A.  L.  FellowB  daring  1899: 

April  18,  gage  height,  2.85  feet;  dischaige,  164  second-feet 
M&y  1^1  gage  height,  3.70  feet;  discharge,  562  second-feet 
June  21,  gage  height,  3.60  feet;  dlschaige,  449  second-feet 
November  21,  gage  hraight,  2.85  feet;  dmAtrng^  6»MCond-feet 
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Daily  gage  height^  infeei,  of  San  Migud  River  at  FaUcreek,  Colorad-i,  far  1S99. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Day. 

Apr. 

May. 

June. 

July. 

• 

Aug. 

Sept 

1.... 

2.80 

2.80 

8.50 

3.85 

2.90 

2.60 

17 

2.85 

8.66 

8.86 

8.00 

2.90 

2.60 

2.... 

2.20 

2.75 

8.45 

3.50 

8.20 

2.60 

18 

2.90 

8.80 

8.85 

8.86 

2.90 

2.60 

S.... 

2.80 

2.75 

3.40 

8.40 

8.50 

2.65 

19 

2.95 

8.70 

8.90 

3.26 

8.00 

2.60 

4.... 

2.80 

2.70 

8.80 

8.80 

8.85 

2.65  . 

20 

2.95 

8.60 

8.80 

3.06 

2.85 

2.56 

o.  ... 

2.25 

2.80 

8.15 

8.20 

3.85 

2.55 

21 

2.80 

8.30 

8.76 

8.00 

2.75 

2.60 

6.... 

2.80 

2.80 

3.25 

3.10 

3.85 

2.60 

22 

2.85 

8.20 

8.70 

8.00 

2.70 

2.60 

7.... 

2.80 

8.00 

3.25 

3.05 

8.85 

2.60 

28 

3.20 

8.40 

8.45 

2.96 

2.70 

2.60 

Oa  •  •  • 

2.40 

8.00 

8.30 

3.00 

8.25 

2.60 

24 

8.20 

3.50 

8.85 

2.96 

2.80 

2.60 

9.... 

2.40 

3.00 

8.75 

3.00 

8.15 

2.60 

25 

3.80 

8.55 

3.80 

8.00 

2.70 

2.60 

10.... 

2.Ji0 

8.20 

4.05 

3.05 

8.00 

2.60 

28 

8.20 

8.50 

8.35 

2.96 

2.65 

2.60 

11.... 

2.45 

3.40 

4.05 

8.05 

2.90 

2.55 

27 

3.05 

8.55 

8.80 

8.00 

2.60 

2.60 

12.... 

2.50 

8.76 

8.95 

8.15 

3.00 

2.40 

28 

2.90 

8.55 

3.80 

8.00 

2.60 

2.60 

18.... 

2.70 

3.95 

3.90 

3.20 

8.00 

2.40 

29 

2.80 

8.65 

8.85 

8.10 

2.60 

2.60 

14.... 

2.70 

4.00 

4.00 

8.25 

8.00 

2.7P  i 

80 

2.90 

8.80 

8.80 

8.00 

2.60 

2.40 

16.... 
16.... 

2.80 
2.75 

3.90 
8.80 

4.00 
8.90 

8.10 
8.00 

8.00 
2.95 

2.75  . 
2.65 

81 

8.80 

2.90 

2.60 

Station  discontinued  September  80. 


SAN  JUAN  BIVER  AT  ABBOLB8,  GOLO&ADO. 

This  river  has  its  source  on  the  western  slope  of  the  Continental 
Divide  in  southern  Colorado,  its  headwater  tributaries  adjoining  those 
ot  the  Bio  Grande.  Its  general  direction  is  southwesterly,  but  after 
it  receives  the  waters  of  Piedra  River  and  .crosses  the  State  line  into 
New  Mexico,  it  takes  a  more  westerly  direction  for  some  distance, 
then  turns  northwest,  passing  very  close  to  the  four  comers  of  Utah, 
Colorado,  New  Mexico,  and  Arizona.  After  flowing  for  a  considerable 
distance  through  a  canyon  country  in  Utah,  it  enters  Colorado  River  a 
short  distance  above  Marble  Canyon.  The  gaging  station,  established 
June  19,  1895,  is  located  at  the  town  of  Arboles,  at  a  footbridge 
about  1,000  feet  below  the  Rio  Grande  Southern  railroad  station  and 
above  the  mouth  of  Piedra  River.  The  rod  is  an  inclined  timber 
marked  to  vertical  tenths  of  a  foot,  the  space  between  marks  being 
0.131  foot,  and  is  bolted  to  the  rocky  bank  on  the  right-hand  side  of 
the  stream.  The  left  bank  is  low  and  liable  to  overflow  at  high  stages. 
The  bed  is  sandy  and  shifting.  The  results  of  measurements  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  281; 
1897,  Nineteenth  Annual  Report,  Part  IV,  page  410;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  401.  The  following  menmrements  of 
discharge  were  made  by  A.  L.  Fellows  during  1899: 

April  23,  gage  height,  7  feet;  discharge,  1,286  second-feet. 
May  22,  gage  height,  6.60  feet;  discharge,  737  second-feet 
June  26,  gage  height,  6.15  feet;  discharge,  277  second-feet 
November  26,  gage  height,  5.75  feet;  discharge,  127  Beoond*£eet 
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OPERATIONS    AT    RIVER  STATIONS,   1899. PART   IV.        [ko.SB. 


Daily  gage  height^  in  feet  of  San  Juan  River  at  Arbolu^  Colorado,  for  1S99. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


Apr. 


May. 

6.40 

June. 
6.65 

July. 

Aug. 
6.25 

6.05 

6.35 

6.55 

6.00 

6.15 

6.80 

6.55 

6.05 

7.25 

6.80 

6.50 

6.00 

7.30 

6.80 

6.50 

6.05 

6.95 

6.25 

6.50 

5.95 

6.60 

6.35 

6.55 

6.25 

6.65 

6.45 

6.65 

6.20 

6.55 

6.40 

6.60 

6.10 

6.35 

6.50 

6.65 

6.00 

6.30 

6.80 

6.65 

5.95 

6.20 

7.10 

6.60 

5.85 

6.05 

7.50 

6.55 

5.90 

5.95 

7.80 

6.50 

5.85 

5.90 

7.25 

6.60 

5.95 

5.90 

'  7.00 

1 

6.45 

6.00 

5.95 

Sept. 


5.70 
5.70 
5.70 
5.70 
5.70 
5.65 
5.60 
6.60 
5.70 
5.70 
5.70 
6.70 
5.60 
5.65 
7.40 
6.65 


Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Apr. 


7.00 
6.95 
6.90 
6.80 
6.75 
6.55 
6.50 
6.45 


May. 


6.85 
6.85 
7.00 
6.85 
6.60 
6.56 
6.76 
6.85 
6.86 
6.80 
6.85 
6.75 
6.65 
6.65 
6.75 


Jane. 


6.85 
6.85 
6.90 
6.25 
6.30 
6.36 
6.30 
6.20 
6.20 
6.25 
6.35 
6.20 
6.10 
6.15 


July. 

Aug. 

6.60 

6.10 

7.25 

6.15 

7.40 

5.95 

7.25 

5.90 

7.10 

5.85 

6.70 

5.80 

6.40 

5.85 

6.35 

5.85 

6.20 

5.80 

6.15 

5.80 

6.20     6.80 

6.30     5.70 

6.60 

5.70 

6.70 

5.70 

6.56 

6.70 

6.20 
6.10 
6.00 
6.00 
6.00 
&90 
6l85 
5.80 
5.80 
5.80 
5.70 
5.70 
5.70 
5.70 


Station  discontinued  September  80. 


PIEDRA    RIVER  AT  ARBOLE8,  COLORADO. 

This  tributary  of  San  Juan  River  has  its  source  in  Hinsdale  and 
Mineiul  counties  in  southern  Colorado,  and  flows  in  a  general  south- 
erly direction,  entering  San  Juan  River  just  before  the  latter  crosses 
into  New  Mexico.  The  station,  established  June  19, 1895,  is  located  at 
the  railroad  bridge  crossing  Piedra  River  about  one-half  mile  west 
of  the  railroad  station  at  Arboles.  The  gage  is  bolted  to  the  stone 
abutment  of  the  i*ailroad  bridge  on  the  right-hand  side  of  the  stream, 
and  consists  of  a  vertical  4  by  4  inch  timber.  The  bench  mark  is  a 
cross  cut  in  the  top  of  abutment  in  the  southeast  corner  of  bridge 
402- A,  and  is  14.88  feet  above  gage  datum.  The  banks  ai*e  both 
high,  the  current  is  swift,  and  the  bed  is  composed  of  small  stones. 
The  cross  section  does  not  change  materially.  The  results  of  measure- 
ments may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  283;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
413;  1898,  Twentieth  Annual  Report,  Part  IV,  page  402.  The  follow- 
ing measurements  were  made  by  A.  L.  Fellows  during  1899: 

April  23,  gage  height,  3.80  feet;  discharge,  499  second-feet. 
May  22,  gage  height,  3.40  feet;  discharge,  279  secoDd-feet 
June  26,  gage  height,  2.90  feet;  discharge,  111  second-feet 
November  26,  gage  height,  2.80  feet;  dischai^ge,  88  seoond-feet 


GOLOBADO. 


809 


DaUy  gage  height^  xtifeA^  of  Piedra  Bwer  at  Arboles,  Colorado,  for  1899, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

8ept 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

8.26 
8.20 
8.06 
8.00 
8.00 
8.06 
8.10 
8.20 
8.26 
8.80 
8.66 
4.06 
4.10 
8.96 
4.06 
8.90 

8.80 
8.20 
8.26 
8.20 
3.16 
3.20 
3.30 
3.86 
3.86 
3.36 
3.80 
3.26 
3.16 
3.10 
3.10 
8.06 

2.86 
2.86 
3.00 
2.96 
2.90 
2.80 
3.06 
2.96 
2.96 
2.80 
2.86 
2.66 
2.75 
2.80 
2.86 
2.86 

8.06 
3.00 
4.06 
4.46 
3.76 
S.75 
3.60 
3.60 
3.86 
3.20 
3.16 
3.00 
2.90 
2.90 
2.90 
2.90 

2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.60 
2.60 
2.60 
2.50 
2.60 
2.66 
2.95 
8.00 

17 

8.75 
8.65 
3.76 
3.66 
3.36 
3.40 
3.35 
8.45 
3.50 
3.40 
8.45 
3.45 
3.30 
3.86 
8.80 

8.00 
2.96 
2.90 
2.90 
2.90 
2.90 
2.96 
2.80 
2.80 
2.85 
8.25 
3.05 
2.90 
2.85 

2.90 
3.10 
8.76 
8.65 
3.45 
3.20 
3.00 
2.90 
2.80 
2.80 

2.85 
2.80 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2-70 

2.90 
2.80 
2.70 
2.60 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.50 
2.60 
2.45 
2.40 

2^ 

18 

8 

19 

4 

20 

6 

21 

6 

22 

7 

28 

24 

25 

26 

27 

28 

29 

80 

81 

3.80 
3.76 
8.75 
3.70 
3.66 
3.55 
3.45 
8.86 

8 

9 

10 

11 

2. 75     2.  A.S 

12 

2.80 
8.06 
3.20 
8.16 

2.60 
2.60 
2.50 
2.60 

18 

14 

16 

16 

Station  discontinued  September  80. 
LOS  PIN08  RIYKR  AT  IGNAGIO,  GOLOBADO. 

This  stream  heads  in  the  high  mountains  of  San  Juan  County  in 
southwestern  Colorado,  and  flows  in  a  nearly  southerly  direction, 
crossing  the  State  line  into  New  Mexico  and  emptying  into  San  Juan 
River.  The  station  was  established  by  A.  L.  Fellows  on  April  22, 
1899,  and  is  located  at  the  wagon  bridge  at  Ignacio,  the  subagency  of 
the  Southern  Ute  Indian  Reservation,  2  miles  north  of  the  Denver  and 
Rio  Grande  railroad- station.  The  rod  is  a  vertical  2  by  4  inch  timber, 
10  feet  long,  spiked  to  the  bridge,  the  marks  being  strips  of  brass 
securely  nailed  to  the  post.  There  is  one  bench  mark,  the  8-foot 
mark  on  the  gage  rod,  which  is  level  with  the  top  of  the  lower  end  of 
a  6  by  8  inch  timber  protruding  downstream  from  the  pier  on  the 
right-hand  side.  The  banks  are  low,  but  not  subject  to  overflow;  the 
bed  of  the  stream  is  of  gravel,  but  not  liable  to  radical  change.  The 
observer  is  the  clerk  at  the  agency.  The  following  measurements 
were  made  by  A.  L.  Fellows  during  1899: 

April  22,  gage  height,  3.20  feet;  discharge,  437  second-feet 
May  20,  gage  height,  3.40  feet;  discharge,  677  second-feet. 
Jtine  26,  gage  height,  2.80  feet;  discharge,  244  second-feet 
November  26,  gage  height,  2.60  feet;  discharge,  124  second-feet 


810  OFERATIONB   AT   KIVBK   BTAHONB,  1899. — FABT    IV. 

Daily  gage  luiglit,  ia  fed,  t^ Loi  P^ioi  Rim  at  fyMom,  Otlofado,/»M 


DW- 

Apt. 

M.r. 

JUQt. 

July. 

Aos. 

Sept 

Oct 

Not. 

- 

, 

11 

IS 

2.W 

3.go 

11 
11 

11 
IE 

S.3& 

II 

li 
a.M 

S.flO 

s 

S.80 

l| 

8.40 

IH 

8.26 

11 

J.  10 

a 

2.» 
%.» 

If 

11 
11 

2.80 

iTO 

li 
li 

a.  10 

t^ 

2.  so 

i| 

J 

3.CB 

IS 

4.76 
3.  to 

IS 

S.N 
S.SG 
«.» 
S.CO 
3.W 
2.W 
2.K 
2.  go 
2.90 

11 

2.06 

in 

2.90 
2.4S 

JS 

2,« 
2.» 

JS 

li 

li 

^» 

2.a 

IS 

li 

2.* 
2.« 

IS 

2.W 
2.40 

IS 

B.IO 
■.10 

Jto 

2.70 
2.70 
2.10 

IS 

2.70 
2.«ll 

IS 

B.10 
2.110 

IS 

2.U 

IS 

2.  SO 
2.50 

IS 

2.M 
2.  SO 

li 

2.  so 

IS 

!.« 
l.«0 
2.W 
2.00 

2.«a 

IS 

2.00 
2.00 
2.00 

IS 

A« 
2.90 
B.I0 

1 

IN 

1 

i'io 

S.K> 

s.eo 

S.00 
2.80 

ANIUAS   RIVEB  AT   DURANGO,   COLORADO. 

This  river  is  an  importuit  tributary  of  the  Sm  Jiuw ,  ftsd  fans  its 

source  in  the  high  peaks  of  aouthwestem  Colorado.    It  bae  a  bmt^ 

Boutherly  course,  crossiug  the  State  line  into  New  Meziooi,  where  it 

shortly  enters  San  Juan  River.    The  station  origtoally  eetaUisbed  Jnae 

20, 1895,  was  located  at  the  wagon  bridge  one-quarter  of  a  caile  west  of 

the  railroad  station  at  Durango,  and  about  200  feet  above  the  Rio  Grande 

Southern  railroad  bridge.     During  tiie  early  part  of  the  yewr  the  old 

wagon  bridge  was  removed  and  a  new  one  erected  a  short  iintnir" 

below.    April  1, 1899,  a  gage  rod  was  placed  on  the  contral  pier  of  tbe 

new  bridge.     Tbe  bench  marks  are  three  horizontal  strips,  opposite  the 

10-,  14-,  and  16.7-foot  marks  of  the  rod,  respectively.    Owing  to  this 

change  in  location  and  height  of  the  rod  there  is  no  apparsat  relation 

between  the  rating  tables  for  past  years  and  the  rating  table  for  1899. 

Lightner  Creek  enters  Animas  River  from  the  right  about  100  feet 

below  the  wagon  bridge.    The  channel  is  straight  both  above  and 

below  the  station,  and  the  bed  is  of  gravel  and  fairly  permanent.     Tbe 

results  of  measurements  may  be  found  as  follows:  1896,  EighteenlJi 

Annua]  Report,  Part  IV,  page  28fi;  1897,  Nineteenth  Annual  Report, 

Part  IV,  pi^  414;   1898,  Twentieth  Annual  Report,  Part  IV,  page 

403.     Measurements  for  1899  were  made  by  A.  L.  Fellows,  as  follows: 

April  21,  gage  height,  7.M  feet;  discbarge,  698  Becond-feet. 

vUy  19,  gage  height,  9.46  feet;  discharge,  2,635  second-feet 

June  24,  gage  height,  6.10  feet;  discharge,  1,256  second-feeL 

September  28,  gage  height,  6.62  feet;  diach&rge,  223  secoad-feet 

NDvember  25,  gage  height,  6.50  feet;  dischuge,  201  aecond-feet 
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Dmhf  gage  heighi,  in  fed,  of  Animas  Rwer  at  Duromgo,  Colorado,  for  1899. 

D^y. 

Apr. 

May. 

Jane. 

July. 

Aug. 

8ept 

Oct. 

Nov. 

Deo. 

1 

6.45 
6.60 
6.45 
6.86 
6.36 
6.80 
6.85 
6.40 
6.45 
6.60 
6.70 
6.80 
7.00 
7.10 
7.30 
7.66 
7.50 
7.65 
7.75 
7.65 
7.45 
7.66 
7.95 
8.06 
8.10 
8.00 
7.96 
7.86 
7.66 
7.45 

7.40 
7.36 
7.36 
7.85 
7.35 
7.25 
7.25 
7.50 
7.65 
7.80 
8.60 
9.40 
9.85 

laoo 

9.80 
9.60 
9.50 
9.85 
9.40 
9.06 
8.20 
8.06 
8.10 
8.90 
9.00 
8.80 
8.90 
8.50 
8.80 
9.80 
9.85 

9.20 
8.75 
8.36 
8.06 
7.76 
7.90 
8.20 
8.45 
8.70 
9.15 
9.80 
9.60 
9.65 
9.55 
9.45 
9.25 
9.15 
9.10 
8.85 
8.75 
8.65 
8.56 
8.35 
8.10 
8.00 
8.25 
8.25 
8.00 
7.95 
7.80 

7.80 
7.86 
8.06 
7.75 
7.65 
7.60 
7.66 
7.50 
7.45 
7.45 
7.80 
7.85 
7.40 
7.40 
7.40 
7.85 
7.20 
7.25 
7.90 
7.75 
7.45 
7.35 
7.80 
7.20 
7.15 
7.10 
7.10 
7.00 
7.00 
7.20 
7.15 

7.06 
7.26 
8.20 
8.90 
8.45 
8.16 
8.15 
8.00 
7.70 
7.55 
7.45 
7.85 
7.30 
7.20 
7.20 

6.85 
6.80 
6.80 
6.75 
6.70 
6.70 
6.65 
6.70 
6.70 
6.66 
6.60 

6.60 
tf.tiO 
6.90 

6.60 

6.80 

''6.'46" 

2 

8 

4 

6.70 

6.40 

5 

6. 

7 

6.50 

6.80 

8,. 

9 

6.40 

ML 

"6."  80'" 

6.70 

11 

18 

6.60 

18 

H 

6.90 

6.70 

15 

16 

7.85        6.96 

6.70 

17 

7.66 
7.45 
7.30 
7.26 
7.20 
7.10 
7.06 
7.00 
6.95 
6.90 
6.90 
6.86 
6.80 
6.80 
6.80 

6.90 
6.80 
6.80 
6.76 
6.70 
6.70 
6.70 
6.60 
6.60 
6.60 
6.60 
6.60 
6.55 
6.60 

6.80 

6.70 

19 

» 

21 

6.80 

6.70 

'*6.ii** 

28 

6.90 

25 

6.50 

"i'To" 

98 

27 

28 

6.80 

29 

6.50 

6.50 

80 

81 

' 

FLORIDA  RIVER  NEAR  DURANOO,  COLORADO. 

This  stream  is  a  tributary  of  Animas  River,  and  rises  in  the  north- 
ern part  of  La  Plata  County;  flowing  in  a  general  southerly  direction 
it  enters  Animas  River  a  short  distance  before  this  latter  stream  passes 
into  Mew  Mexico.  During  the  last  season  work  has  been  prosecuted  on 
a  large  storage  project  near  the  head  of  the  river,  and  on  this  account  a 
gaging  station  was  established  by  A.  L.  Fellows  May  19,  1899.  It  is 
located  at  a  wagon  bridge  at  Stewart's  ranch,  9  miles  east  of  Durango. 
The  gage  rod  consists  of  a  vertical  2  by  4  inch  timber  fastened  to  the 
downstream  side  of  the  left-hand  abutment  of  the  bridge.  In  1899 
two  measurements  of  discharge  were  made  at  this  point  by  A.  L. 
Fellows.  The  first,  on  May  19,  at  a  gage  height  of  2.25  feet,  showed 
a  discharge  of  236  second-feet;  the  second,  on  June  24,  at  a  gage  height 
of  0.70  feet,  showed  a  discharge  of  9  second-feet. 

DaXLy  gage  height^  infeet^  of  Florida  River  near  Durango,  ColoradOj  for  1899. 


Day. 

May. 

June. 

July. 

Day. 

May. 

June. 

July. 

Day. 

May. 

June. 

July. 

1... 

1.65 
1.50 
1.85 
1.25 
1.20 
1.40 
1.60 
L70 
1.70 
1.60 
1.66 

1.05 
.95 

1.05 
.95 
.95 
.90 
.66 
.75 
.70 
.76 
.66 

12... 

1.70 
1.60 
1.60 
1.45 
1.80 
1.25 
1.15 
1.15 
1.05 
1.00 
.96 

0.66 

.70 

.85 

.65 

.65 

.70 

1.60 

1.85 

1.45 

1.25 

L06 

23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
81... 

1.90 
2.05 
2.00 
1.80 
1.80 
1.65 
1.75 
1.70 
1.80 

0.76 
.75 
.75 
1.25 
1.60 
1.85 
1.10 
1.00 

l.OO 

.96 

.80 

.95 

1.10 

1.25 

2.15 

1.90 

1.60 

2... 

• 

13... 

8... 

14... 

4... 

15... 

16... 

17... 

7... 

18... 

19... 

9... 

20... 

10... 

21... 
22... 

1.66 
1.60 

11... 

Station  discontinued  July  81, 
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MANGOS  RTVER  AT  MANGOS,  COLORADO. 

This  river  is  an  important  tributary  of  the  San  Joan,  draining  the 
southwestern  corner  of  Colorado.  The  lower  portion  of  its  course  is 
through  the  Southern  Ute  Indian  Reservation.  It  enters  San  Juan 
River  near  the  adjoining  corners  of  Utah,  Colorado,  New  Mexico,  and 
Arizona.  The  primary  object  of  a  station  on  this  river  was  to  obtain 
data  relative  to  the  amount  of  water  that  can  be  stored  for  the  water 
supply  of  the  Southern  Ute  Indian  Reservation.  The  results  of  this 
investigation,  made  by  Mr.  G.  H.  Matthes,  may  be  found  m  the  Twen- 
tieth Annual  Report,  Part  IV,  pages  408  to  434.  The  gaging  station, 
established  by  A.  L.  Fellows  April  9,  1898,  is  located  100  feet  below 
the  wagon  bridge  across  the  river  in  the  center  of  the  town  of  Mancos* 
The  gage  consists  of  a  vertical  timber  spiked  to  a  cottonwood  tree  on 
the  left  bank  of  the  river.  Measurements  are  usually  made  by  wading, 
but  the  wagon  bridge  can  be  used  at  high  stages  of  water.  The 
banks  are  not  subject  to  overflow.  The  channel  is  in  gravel,  but  is  not 
liable  to  radical  change.  The  results  of  measurements  in  1898  may  be 
found  in  the  Twentieth  Annual  Report,  Part  IV,  page  404.  The 
following  measurements  of  discharge  were  made  by  A.  L.  Fellows 
during  1899: 

April  19,  gage  height,  1.65  feet;  dischaif^e,  70  second-feet 
^^y  IB,  gage  height,  1.60  feet;  discharge,  56  second-feet 
June  23,  gage  height,  1.10  feet;  dischaige,  9  second-feet 
September  22,  gage  height,  0.90  foot;  discharge,  2  second-feet 
November  24,  gage  height,  1  foot;  discharge,  3  second-feet 

Daily  gage  height^  infeet^  of  Mancos  Rwer  at  Manoos,  Colorado,  for  1899. 


Day. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


Apr. 


.00 

.10 

.00 

.00 

.00 

00 

.00 

.60 

.60 

.65 

.65 

.60 

.50 

.60 

.70 

.75 

70 

.70 

70 

50 

60 

.60 


May. 

June. 
1.70 

July. 

Aug. 

Sept. 

1.50 

1.10 

1.20 

1.00 

1.40 

1.70 

1.00 

1.20 

1.00 

1.40 

1.70 

1.10 

1.40 

1.00 

1.40 

1.60 

1.10 

1.60 

1.00 

1.80 

1.50 

1.10 

1.60 

1.00 

1.40 

1.50 

1.10 

1.70 

1.00 

1.40 

1.50 

1.10 

1.50 

LOO 

1.40 

1.50 

1.10 

1.60 

1.00 

1.50 

1.60 

1.00 

1.60 

1.00 

1.50 

1.60 

1.00 

1.70 

1.10 

1.75 

1.60 

1.00 

1.70 

1.10 

1.80 

1.50 

1.00 

1.80 

1.10 

2.00 

1.60 

.90 

1.80 

1.10 

2.00 

1.60 

1.00 

1.70 

1.00 

1.90 

1.50 

1.00 

1.60 

1.00 

1.80 

1.60 

1.00 

1.60 

1.00 

1.80 

1.60 

1.10 

L50 

1.00 

1.80 

1.10 

1.30 

1.60 

1.00 

1.80 

1.10 

1.80 

1.40 

1.90 

1.80 

1.10 

1.30 

L40 

1.90 

1.60 

1.00 

1.80 

1.80 

1.90 

1.70 

1.00 

1.80 

1.80 

1.70 

2.00 

1.00 

1.20 

1.20 

1.70 

1.50 

1.00 

1.20 

1.20 

Leo 

1.55 

1.00 

1.10 

1.10 

L60 

1.80 

1.20 

1.00 

1.10 

L60 

1.80 

1.20 

1.00 

1.10 

L50 

1.70 

1.10 

1.00 

1.10 

L50 

1.70 

1.10 

1,00 

1.10 

L50 

1.60 

1.10 

1.10 

1.10 

L60 

1.65 

1.10 

1.15 

Oct 


L40 
L40 
L80 
L80 
L80 
L20 
LOO 
LSD 
L60 
L60 
L50 
L60 
L50 
L60 
L50 
L60 
L40 
L40 
LSO 
L80 
L20. 
LIO 
LOO 
LOO 
LOO 
.90 
.90 
.80 
.80 
LIO 
LIO 


Not. 


LIO 
LIO 
1.10 
LIO 


1 


-I 


../ 


Closed  for  the  winter  November  4. 
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GILA  RIYEB  AT  SAN   CARLOS,  ARIZONA. 

This  river  rises  in  southwestern  New  Mexico  and  has  a  general 
southwesterly  direction  until  it  crosses  the  territorial  line  into  Ari- 
zona at  about  32^  40'  north  latitude.  Its  principal  sources  of  supply 
are  from  the  Black  Range  on  the  east,  and  from  a  number  of  ranges 
on  the  west,  including  Little  Range,  Mogollon  Range,  and  Diablo 
Range.  The  average  elevation  of  these  mountain  peaks  is  from  9,000 
to  10,000  feet.  The  general  character  of  the  country  is  a  high  and 
rolling  plateau,  with  the  river  flowing  through  it  in  a  deep  canyon,  and 
with  practically  no  agricultural  lands  within  its  area.  The  river  emerges 
from  its  upper  canyon  about  10  miles  befol'e  it  reaches  the  Arizona 
line,  and  thence  flows  through  a  valley  of  considerable  width,  known 
as  Duncan  Valley,  until  just  before  it  receives  the  waters  of  San 
Francisco  River.  Duncan  Valley,  in  which  a  number  of  ditches 
divert  water  for  irrigation  purposes,  will  be  described  at  length  in 
the  Twenty-first  Annual  Report.  San  Francisco  River,  the  principal 
tributary  of  the  upper  Gila,  has  it  source  in  the  northeast  comer  of 
Graham  County,  Arizona,  but  15  miles  below  it  passes  into  New 
Mexico.  Its  general  course  is  thence  southerly,  returning  into  Ari- 
zona at  about  33^  north  latitude.  The  area  drained  is  high  and  moun- 
tainous, the  principal  ranges  being  the  San  Francisco,  the  Tularosa, 
and  the  western  slope  of  the  Mogollon,  with  elevations  ranging  from 
8,000  to  10,000  feet.  The  course  of  the  river  through  this  portion  is 
characterized  by  a  succession  of  canyons  alternating  with  valley-like 
openings,  with  the  considerable  fall  of  from  35  to  40  feet  per  mile. 

Gila  River  is  in  canyon  for  about  20  miles  below  the  mouth  of  the  San 
Francisco,  or  to  within  10  miles  of  Solomons ville.  At  this  point  the 
hills  separate,  forming  a  large  valley  which  has  been  extensively  settled 
and  is  now  one  of  the  finest  irrigated  portions  of  the  Territory.  The 
results  of  a  series  of  seepage  measurements  made  from  10  miles  above 
SolomonsviUe  down  to  Fort  Thomas,  with  a  description  of  the  irriga- 
tion enterprises  in  this  section,  will  be  published  in  the  Twenty-first 
Annual  Report.  This  valley  extends  from  a  point  10  miles  above 
SolomonsviUe  to  6  miles  below  the  mouth  of  San  Carlos  River  on  the 
White  Mountain  Indian  Reservation.  At  this  latter  place  the  moun- 
tains suddenly  close  in  again,  and  the  river  enters  another  canyon. 
Seven  miles  below  the  Indian  agency  at  San  Carlos  the  canyon  boxes 
to  a  width  of  100  feet,  and  at  this  point  is  located  the  San  Carlos  dam 
site,  which  was  studied  in  detail  by  the  United  States  Geological 
Survey  during  1899,  in  connection  with  the  investigation  of  the  water 
supply  of  Gila  River.  The  results  of  this  investigation  are  published 
in  Water-Supply  and  Irrigation  Paper  No.  33,  entitled  Storage  of 
Water  on  Gila  River,  Arizona,  by  J.  B.  Lippincott.  In  connection 
with  this  investigation  Cyrus  C.  Babb,  on  July  11,  1899,  established  a 
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station  on  Gila  River  one-half  mile  south  of  the  Indian  agency  at  San 
Carlos  and  below  the  mouth  of  San  Carlos  Creek.  An  inclined  rod 
securely  fastened  to  posts  driven  into  the  bank  was  erected  here.  The 
bench  mark  is  a  20-penny  nail  in  the  base  of  a  mesquite  tree  5  inches 
in  diameter,  85  feet  west  of  the  gage  rod,  at  an  elevation  of  12.67  feet 
above  gage  datum.  Discharge  measurements  are  made  from  a  cable 
and  car  a  short  distance  above  the  gage  rod.  The  channel  is  straight 
for  some  distance  above  and  below  the  station,  and  the  water  is  com- 
paratively swift.  The  right  bank  is  high,  but  tiie  left  is  low  and  liable 
to  overflow.  The  bed  of  the  stream  is  sandy  and  shifting.  The  fol- 
lowing measurements  of  discharge  were  made  by  Cyrus  C.  Babb  and 
Stephen  Janus  during  1899: 

Discharge  metuuremerUs  of  Oila  Jtiver  al  San  Carlos,  Arizona. 

1899. 


Date. 

Qnge 
heigfat. 

DiBcharge. 

Date. 

Oage 

Dlacbaistt. 

August  4 

Fed. 
3.68 
2.80 
8.20 
5.45 
8.60 

Stcon/drfeet, 

1,088 

170    I 

849 

8,458 

2,180 

September  14 

September  19 

September  29 

October  6 

FkL 
2.10 
1.90 
1.50 
2.80 
1.80 

SeeonAfceL 
312 
127 
77 
215 
108 

September  6 

September  7 

September  8 

Sebtember  9 

Octoberll 

DaxLy  gage  heightf  in  feet,  of  Gila  River  at  San  Carlos,  Arizona,  for  1899. 


Day. 
1 

July. 

Aug. 

Sept. 

Oct. 

1.50 
1.50 
1.50 
1.60 
1.60 
2.40 
2.30 
2.80 
2.00 
1.90 
1.90 

Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept.    Oct. 

1 

8.10 
8.90 
8.20 
3.10 
2.80 
2.80 
2.90 
2.70 
8.00 
2.80 
2.50 

1.60 
1.60 
1.60 
1.60 
1.65 
2.05 
2.60 
5.25 
3.10 
2.80 
2.60 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

8.10 
2.70 

2.40 
2.40 

2.88 
2.80 
2.18 
2.00 
2.00 
2.00 
2.0O 
1.90 
1.85 
1.80 
1.70 

1.90 
1.85 
1.80 

28 

24 

26 

26 

27 

28 

29 

80 

31 

8.60 
3.40 
8.20 
3.10 
&18 
3.07 
8.20 
2.90 
2.80 

1.70 
1.70 
1.70 
1.70 

i.eo 

1.60 
1.86 
1.60 
1.60 

i.wf ' 

2 

L70  f 1 

8.... 

2.60  !  2.20 

1.70 
1.7D 

i.eo 

1.60 
1.50 
1.60 

4 

2.20 
2.30 
2.10 
2.30 
6.50 
4.90 
3.60 
3.50 

2.20 
2.00 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 

5.... 

6 

7.... 

9 

10 

1 

11.... 

4.00 

1 
1 

Station  discontinued  October  14. 

The  following  measurements  were  made  by  Cyrus  C.  Babb  daring 
a  reconnaissance  trip  through  the  upper  basin  of  Gila  River  in  the 
spring  of  1899.  The  measurements  from  March  11  to  17,  inclusive, 
are  of  San  Pedro  River  and  of  the  ditches  diverting  water  from  it. 
The  measurements  on  March  29,  30,  and  31  were  made  on  the  ditches 
diverting  water  from  Gila  River  above  Duncan,  Arizona.  The  measure- 
ments from  April  16  to  17,  inclusive,  were  made  principally  on  ditches 
diverting  water  from  Gila  River  in  the  Solomonsville  Valley,  and  -were 
made  to  determine  the  amount  of  seepage  water  returning  to  the 
stream.  A  discussion  of  these  latter  measurements  will  be  made  in 
the  Twenty-first  Annual  Report,  Part  IV. 
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Miscdlaneous  diacharge  measuremerUs  in  QUa  River  Bonn,  Ariaoni, 

1899. 


Date. 

stream. 

LocaUty. 

Diachaxsre. 

March  11 

March  11 

March  11 

March  12 

March  12 

March  12 

Grila  River. ........... 

Above  month  of  San  Pedro. . 
Dudleyville 

Seoond-feeL 

62.0 

9.6 

4.6 

6.6 

1.0 

3.7 
2.8 

7.6 
0.0 
6.4 
3.4 
0.0 
9.1 
2.3 
1.6 
6.1 
4.2 
10.0 

7.3 
6.6 

1.2 

6.7 
76.0 
10.0 

166.0 
4.0 
1.6 
2.8 
3.0 
4.7 
6.8 

0.7 
6.2 
13.9 
22.9 
L8 
6.0 
7.8 

3.8 

104.0 
94.0 
43.0 
64.0 
92.0 

96.0 

0.6 

San  Pedro  River 

BuTDB  and  Lopez  ditch. 
Scott  and  Cmmingham 

ditch. 
San  Pedro  River 

Swingle  ditch 

Dudleyville 

Dudleyville 

Below  Scott  and  Cunning- 
ham ditch. 
At  head  on  San  Pedro  River. 
At  head  on  San  Pedro  River. 

At  head  on  San  Pedro  River. 

Below  Dodson  ditch 

At  head  on  San  Pedro  River. 
At  head  on  San  Pedro  River. 

1  mile  below  Mammoth 

At  head  on  San  Pedro  River. 
At  head  on  San  Pedro  River. 
Pinal  and  Pima  counties  line. 
Narrows 

March  12 

March  13 

Finch   and   Draper 

ditch. 
Dodeon  ditch 

March  13 

March  13 

San  Pedro  River 

Cook  ditch 

March  13 

Busand  ditch 

March  13 

March  14 

San  Pedro  River 

Brown  ditch ...- 

March  14 

Clark  ditch 

March  14 

March  16 

San  Pedro  River 

San  Pedro  River 

Lo6  Aneeles  ditch 

San  Pedro  River 

St.  David  canal 

San  Pedro  River 

Etta  ditch 

March  16 

March  16 

March  17 

March  17 

March  17 

At  head  on  San  Pedro  River. 

Line  between  townships  14 
and  16  south. 

2  miles  above  St  David 

Benson,  Arizona,    i    mile 
below  railroad. 

1  mile  below  railroad  at  Ben- 
son. 

6  miles  south  of  Benson 

Solomonsville 

March  17 

March  22 

San  Pedro  River 

Union  ditch 

March  22 

Gila  River 

Below  head  of  Union  ditch, 

Solomonsville. 
Below  Telles  ditch 

March  29 

Gila  River 

March  30 

Telles  ditch 

Above  Duncan 

March  30 

Rucker  ditch. ......... 

Above  Duncftn 

March  30 

Hiurhes  ditch 

Above  Duncan 

March  30 

Martin  ditch 

Above  Duncan 

March  30 

Wilson  ditch 

Above  Duncan ..-..-.. 

March  30 

Gasper  and  Windham 
ditch. 

Johnson  ditch 

Schriver  ditch 

Franklin  ditch 

Vallev  canal 

Above  Duncan 

March  30 

Above  Dnncan 

March  30 . .  . . 

Above  Duncan 

March  30 

Above  Duncan 

March  30 

Above  Duncan 

March  30 

Owens  canal 

Above  Duncan 

March  30 

Dav*8  ditch 

Above  Duncan. 

March  31 

Ward  and    Courtney 

ditch. 
Black  and  McCloskey 

ditch. 
Gila  River 

Above  Duncan 

March  31 

Above  Duncan 

March  31 

Duncan 

April  5 

April  6 

April  6 

April  13 

April  14 

April  15 

San  Francisco  River... 
Blue  River ....... 

7  miles  above  Clifton 

At  mouth .................. 

San  Francisco  River. . . 
San  Francisco  River. . . 

Gila  Piver 

Above  mouth  of  Blue  River. 
Flume  power  house,  below 

Clifton. 
6  miles  above  San  Francisco 

River. 
Near  head 

Brown  ditch 

IBB  38 
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Miscellaneous  discharge  measurements  in  Qila  River  Basin,  Arizona — OontinDed. 

1899~Oontliiued. 


Date 


April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  15 
April  16 
April  16 
April  16 
April  16 
April  16 
April  16 
April  16 
April  16 
April  16 
April  16 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  17 
April  25 
April  28 
May  15- 
May  24 . 


stream. 


Sanchez  ditch 

Gila  River 

Mejia  ditch 

Old  San  Jose  ditch 

San  Jose  ditch 

Gila  River 

Waste 

Michelena  ditch 

Montezuma  ditch 

Gonzales  ditch 

Gila  River 

Waste 

Waste 

Union  ditch 

Gila  River 

Lee  ditch 

Sunflower  ditch 

Graham  ditch 

Central  ditch 

Gila  River 

Oregon  ditch 

Smith ville  ditch 

Gila  River 

Brice  ditch 

Dodge  ditch 

Mathewsville  ditch 

Gila  River 

Curtis  ditch 

Gila  River 

Kempton  ditch 

Vogel  ditch 

Gila  River 

Reid  ditch 

Gila  River 

Fort  Thomas  ditch 

Upper  Thompson  ditch . 
Lower  Thompson  ditch . 

Military  ditcn 

Saline  ditch 

Mexican  ditch 

Gila  River 

Gila  River 

Indian  ditch 

Gila  River 

Gila  River 

Gila  River 


Locality. 


Near  head 

Narrows  below  Sanchez  ditch 

Below  waste 

Near  head , 

Near  head 

Below  San  Jose  ditch 

North  side 

Below  waste  gate 

Below  waste  gate 

Below  waste  sate 

Below  Gonzales  ditch 

Montezuma  ditch 

Above  Union  ditch 

At  head 

Below  Union  ditch 

At  head 

At  head 

At  head 

At  head 

Below  Central  ditch 

At  head 

At  head 

Below  Smith viLle  ditch 

At  head 

At  head 

At  head 

Below  Mathewsville  ditch  . . 

At  head 

Below  Curtis  ditch 

At  head 

At  head 

Below  Vogel  ditch 

At  head 

Below  Reid  ditch 

At  head 

At  head 

At  head 

Flume  at  Fort  Thomas 

At  head 

At  head 

OppKMite  Fort  Thomas 

3  miles  below  Fort  Thomas  . 

San  Carlos 

San  (^rlos  Canyon 

Duncan 

San  Carlos  Canyon 


DtocbaiiS^ 


7.6 
237.0 

4.3 

11.6 

45.0 

189.0 

2.0 

9.4 
101.0 

4.0 
63.0 
27.0 
10.0 
93.0 
10.4 

3.3 

4.9 

ia6 

19.5 
6.8 

11.1 

13.2 
1.5 
7.4 
6.7 

33.0 
2.8 

14.3 
0.0 
9.3 
0.0 
7.0 
3.8 

las 

3.7 
0.0 
5,3 
5.9 
0.7 

as 

20.0 
32.S 
12.2 

27.0 

lao 

7.0 


GILA   RIVER  AT  THE  BUTTE8,   ARIZONA. 

Gila  River  is  in  canyon  from  a  short  distance  below  the  mouth  oi 
San  Carlos  River  to  about  the  mouth  of  San  Pedro  River,  a  distBrn^ 
of  31  miles.  The  country  then  broadens  into  a  valley  of  consideraH- 
size,  extending  for  a  distance  of  about  20  miles,  to  below  tiie  mouU 
of  Mineral  Creek.  This  opening,  known  as  Riverside  Valley,  i^- 
examined  in  detail  in  connection  with  the  investigation  of  the  ^nit^: 
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supply  of  Gila  River,  and  the  lower  portion  was  mapped  by  6.  H. 
Matthes  as  a  reservoir  site.     From  the  mouth  of  Mineral  Creek  the 
river  is  in  canyon  again  until  what  is  known  as  the  Buttes  are  reached — 
a  distance  of  about  15  miles,  when  the  river  appears  on  the  Great 
Plains  region  of  southwestern  Arizona.     Its  general  course  is  thence 
westerly  until  it  enters  the  Colomdo  River  at  Yuma.     The  present 
station  at  the  Buttes  was  established  February  20, 1896,  in  connection 
with  the  first  investigation  for  a  water  supply  for  the  Gila  River 
Indian  Reservation.     It  is  located  about  16  miles  above  Florence, 
Arizona.     The  gage  rod  is  bolted  to  a  solid  rock  on  the  right  bank 
where  the  river  emerges  from  the  lower  end  of   the  gorge.     The 
bench  mark  is  a  rock  point  chiseled  on  a  ledge  69.4  feet  southeast 
of  the  south  cable  support  and  4.4  feet  above  the  ground,  and  is  at 
an  elevation  of  1,608.46  feet  above  sea  level.     The  elevation  of  the 
zero  of  the  rod  is  1,583.00  feet.     Measurements  at  this  point  were 
made  in  connection  with  the  investigation  of  the  water  supply  of  the 
Gila  River  by  the  United  States  Geological  Survey,  authorized  by 
special  act  of  Congress.     The  results  of  the  work  are  published  in 
Water-Supply  and  Irrigation  Paper  No.  33,  entitled  Storage  of  Water 
on  Gila  River,  Arizona,  by  J.  B.  Lippincott.     The  channel  of  the 
river  at  the  Buttes  is  composed  of  quicksand  and  likely  to  change 
daily  with  any  considerable  amount  of  water  in  the  river.     In  order  to 
obtain  an  accurate  estimate  of  the  daily  discharge,  it  is  necessary  to  make 
continuous  measurements,  which  was  done  during  the  investigation. 
The  results  of  the  measurements  at  this  point  will  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  290;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  416;  1898,  Twentieth  Annual  Report, 
Part  rV,  page  405;  1899,  Water-Supply  and  Irrigation  Paper  No.  38, 
page  26.  The  following  measurements  of  discharge  were  made  during 
1899  by  various  members  of  the  United  States  Geological  Survey  con- 
nected with  the  water-supply  investigation: 


Discharge  menguremmUt  of  Gila  Rher  at  tlie  ButteSj  Arizona. 

1899. 


Date. 


January  14  . 
January  25 . 
February  3 . 
February  3 . 
February  4 . 
February  6 . 
February  7 . 
February  9 . 
February  11 
February  13 
February  14 
February  15 
February  18 
February  24 
February  27 
March2 


height. 

Discharge. 

Feet. 
8.20 

Secondrfeei. 

2.76 

245 

2.90 

616 

2.86 

547 

2.90 

514 

2.80 

327 

2.68 

222 

2.70 

265 

2.80 

833 

2.80 

270 

2.75 

290 

2.75 

272 

2.65 

193 

2.60 

209 

2.60 

184 

2.50 

165 

Date. 


March  4  . 
March  6  . 
March  8  . 
March  10 
March  13 
March  15 
March  17 
March  21 
March  23 
March  25 
March  28 
March  30 
Aprill... 
April  2... 
Aprils... 
April  7... 


Gage 
height. 

Diflchaig:e. 

Feet. 

Seeond'/eet. 
139 

2,60 

2.50 

128 

2.60 

142 

2.50 

146 

2.40 

122 

2.40 

98 

2.55 

120 

2.60 

142 

2.60 

1B5 

2.60 

180 

2.50 

118 

2.60 

96 

2.50 

86 

2.50 

90 

2.50 

100 

2.45 

97 
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DMtarge  mamatmerOt  of  OUa  Jlwer  at  the  Bullet,  jfneono— Gontiniied. 


September  2S 

.00 

^in 

Measurementa  were  also  made  of  Arthur^s  ditch,  which  diverts  wtter 
one-half  mile  below  the  gn^og  station,  of  the  Florence  canal,  oppwii<; 
White's  ranch,  and  of  Gila  River  near  the  latter  place. 
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The  following  table  shows  the  measurements  made  during  1899: 

JHscharge  meaturemenla  of  QUa  River,  Arthur's  diichy  and  Florence  canal,  Arizona, 

1899. 


1 

Date. 

stream. 

Locality. 

Blachaige. 

March  17 

Arthur's  ditch  ....-.-.. 

One-half  mile  below  station . . 
One-half  mile  below  p^alion. . 
One-half  mile  below  gate  of 

Florence  canal. 

Opposite  White's  ranch 

One-half  mile  below  Butte 

station. 
Below  head  gate,  opposite 

White's  house. 
At  White's  ranch,  opposite 

house. 
On  Gila  River 

4.20 
19.28 

101. 19 
2.15 

13.43 

42.61 

3.48 

8.51 

10.76 

2.70 

2.27 
2.94 

March  21 

Arthur's  ditch 

March  21 

Gila  River 

March  21 

Florence  canal 

April  17 

April  17 

April  17 

May6 

May6 

May6 

May  18 

May  18 

May  18 

Arthur's  ditch 

Gila  River 

Florence  canal 

Arthur's  ditch 

Gila  River .-.. 

Below  Florence  canal 

At  White's  ranch 

Florence  canal 

Gila  River 

At  head  of  Arthur's  ditch  at 
the  Buttes. 

Below  Florence  canal 

Opposite  White's  ranch 

Gila  River 

Gila  River 

Daily  gage  lieight,  in  feet,  of  Qila  IHver  at  the  Buttes,  Arizona,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

1 

2.80 
2.78 
2.80 
2.78 
2.70 
2.66 
2.60 
2.68 
2.68 
2.60 
2.73 
2.70 
8.80 
8.15 
8.00 
8.00 
2.95 
2.93 
2.80 
2.73 
2.70 
2.70 
2.80 
2.80 
2.76 

2.60 
2.78 
2.88 
2.93 
2.91 
2.78 
2.69 
2.71 
2.72 
2.70 
2.73 
2.80 
2.80 
2.78 
2.75 
2.70 
2.67 
2.68 
2.65 
2.68 

'"*2."65" 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 

2.50 
2.60 
2.50 
2.50 

"*2.'56' 
2.50 
2.50 
2.50 
2.50 
2.40 

"*2.'46* 
2.40 
2.40 
2.50 
2.55 
2.55 

'"'Lm 
2.60 

"'*2*66' 
2.50 
2.60 

*2.'66" 
2.50 
2.50 
2.50 
2.50 

2.50 

""i'45' 

2.50 
2.50 
2.50 
2.45 
2.45 

"2.'45' 
2.45 
2.40 
2.40 
2.40 
2.40 

"2*46" 
2.40 
2.85 
2.80 
2.80 
2.80 

"i'so" 

2.80 
2.30 
2.30 
2.25 
2.25 

2.25 
2.20 
2.20 
2.20 
2.20 
2.15 

***2."i6* 
2.15 
2.10 
2.10 
2.10 
2.10 

''2.05* 
2.05 
2.00 
2.00 
2.00 
2.00 

"2.06' 
2.00 
2.00 
2.00 
2.00 
1.95 

"'i.'96* 
1.90 
1.90 

1.90 
2.20 
2.10 

"2.66' 
1.95 
1.90 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 

"i.'TO 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 

1.76 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

"Tso* 

2.75 
2.80 
2,70 
2.50 
2.40 

"*2."76* 
8.10 
4.20 
7.80 
5.50 
4.50 

■4.06' 
8.90 
4.00 
4.00 
5.26 

4.00 
4.70 
5.60 
4.50 
4.00 
8.70 
8.80 
4.50 
8.70 
8.80 
8.80 
8.10 
2.80 
2.80 
2.70 
2.60 
2.50 
2.50 
2.40 
2.40 

"i'io* 

2.80 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 

i.90 
1.87 
1.96 
8.80 
8.80 
4.86 
4.80 
8.86 
8.00 
2.80 
2.65 
2.60 
2.50 
2.40 
2.80 
2.80 
2.20 
2.20 
2.20 
2.10 
2.10 
2.05 
2.00 
2.00 
2.00 
1.97 
1.90 

1.90 
1.90 
1.90 
1.90 
2.15 
2.16 
2.26 
2.87 
2.80 
2.22 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.06 
2.00 
2.05 
2.06 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

IS 

14 

16 

16 

17 

Ifi 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2.75 
2.70 
2.75 
2.70 
2.68 

28 

29 

80 

81 

Station  discontinued  October  11. 
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QUEEN  CBEEK  AT  WHITLOW's  RANCH,   ARIZONA. 

This  creek  is  a  tribataiy  of  the  Gila,  and  has  its  source  in  the  Pinal 
Mountains,  40  miles  northeast  of  Florence,  Arizona.  A  short  distance 
below  Whitlow's  ranch  its  waters  ordinarily  are  lost  in  the  sands  of  tbe 
desert,  and  it  b  only  daring  protracted  floods  that  the  discharge  con- 
tinues southwestward,  entering  Gila  River  below  the  Sacaton  Range. 
This  basin  was  under  examination  in  connection  with  the  investigation 
of  the  water  supply  of  Gila  River.* 

The  discharge  of  this  creek  is  intermittent,  depending  upon  sudden 
and  violent  floods,  which  are  generally  of  short  duratioD,  usuallj 
extending  over  a  period  of  only  one  day.  In  order  to  obtain  an  accn- 
rate  estimate  of  its  flow,  it  is  necessary  to  have  an  obsei*ver  constantlr 
on  the  ground.  The  station  at  Whitlow's  was  established  in  Febru- 
ary, 1896,  and  was  discontinued  in  April,  1897.  It  w&s  resumed 
November  16,  1898,  when  the  original  rod  was  extended,  lowering 
the  zero  3  feet.  On  the  same  day  a  sloping  rod,  referred  to  the  same 
datum,  was  placed  431  feet  upstream  from  the  main  gage.  Measure- 
ments can  be  made  from  a  cable  and  car.  It  was  impracticable,  dur- 
ing 1899,  to  use  a  meter  at  this  i>oint,  so  the  observer,  during  the 
flood  stages,  observed  both  gages  at  short  intervals  and  took  sound- 
ings from  which  a  cross  section  could  be  computed.  The  discharges 
were  figured  by  Kutter's  formula  from  these  measurements  of  sound- 
ings, and  from  the  slope  as  determined  by  the  observations  of  heights 
on  the  two  rods.  The  results  of  measurements  may  be  found  as  fol- 
lows: 1896,  Eighteenth  Annual  Report,  Part  IV,  page  293;  1891 
Nineteenth  Annual  Report,  Part  IV,  page  418.  The  following  table 
shows  the  dates  on  which  there  was  a  discharge  in  the  creek,  together 
with  the  number  of  second-feet. 

Discharge  meauuremtnts  of  Queen  Creek  al  Whitloic*8  ranch,  Arizofuu 

1899. 


Date. 


January  12 . . . 
January  12  ... 
January  13  . . . 
January  13  . . . 
January  14 . . . 
January  14 . . . 
February  3 . . . 
February  3  . . . 
February  4  . . . 
February  4  ... 
February  6  . . . 
March.) 
April..  kJreek 

June  2 

June  2 

June  25 


dry. 


Giwe 
leiffht. 


heig] 


Feet. 
2.00 
3.00 


GO 
40 
.30 
20 
,00 
,80 
2.70 
2.60 
2.40 


2. 
2. 
2. 
2. 
3. 
2. 


2.70 
2.30 
6.00 


Discharge. 


Second-feet. 


87 
57 
49 
11 

8 


G2 

16 

1,171 


Date. 


June 26 

July  9 

July  10 

July  13 

July  13 

July  16 

July  18 

July  28 

July26 

July  29 

July  30 

August  1 

August  2 

August2 

September  7 
September  8 


h^t  i  I>i«-harg.. 


Feel. 
2.30 
3.00 
3.10 
4.50 
2.40 
4.00 
8.50 
2.50 
2.50 
2.60 
7.10 
4.60 
8.00 
6.00 
7.50 
7.00 


Seocmd-fiirt 

10 

81 

148 

3 

529 

274 
•> 

■> 


27 


6,515 

492 

4.600 

1,562 


I 


1  Storage  of  water  on  Gila  Rirer,  Arizona,  by  J.  B.  Lippincott:  Water-Supply  and  Irrigation  Faixr 
No.  38. 
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SALT  RIVEB  AT  MCDOWELL,  ARIZONA. 

This  river  is  the  principal  tributary  of  Oila  River,  and  rises  in 
Graham  County,  Arizona,  its  headwater  tributaries  adjoining  those 
of  San  Francisco  Kiver.     A  large  portion  of  its  course  is  through  the 
mountainous  district  of  the  White  Mountain  Indian   Reservation. 
Irrigation  is  practiced  to  a  small  extent  in  what  is  known  as  Tonto 
Valley,  but  shortly  after  Tonto  Creek  joins  it  the  river  enters  a  canyon 
again  and  continues  in  it  until  a  short  distance  above  the  mouth  of 
Verde  River.   At  this  point  the  river  reappears  from  its  canyon,  and  its 
course  is  thence  across  the  Plains  district  until  it  enters  Gila  River  at 
the  northwest  comer  of  Gila  River  Indian  Reservation.     From  the 
mouth  of  Verde  River  down  to  Gila  River  a  number  of  large  canals 
divert  the  water  of  Salt  River  and  serve  the  extensively  irrigated 
lands  in  the  vicinity  of  Phoenix  on  the  north  side  and  Mesa  on  the 
south  side  of  the  river.     During  ordinary  seasons  all  of  the  water  of 
Salt  River  is  diverted,  and  at  the  present  time  there  is  a  shortage  in 
the  summer  months.     The  gaging  station,  established  April  20,  1897, 
is  located  one-half  mile  above  the  mouth  of  the  Verde  and  30  miles 
northeast  of  Phoenix.     The  gage  consists  of  a  2  by  6  inch  scantling 
bolted  to  rocks  on  the  south  side  of  the  river  about  800  feet  above  the 
cable.     The  bench  mark  is  a  nail  in  a  palo  verde  tree  about  75  feet 
west  of  the  north  cable  anchorage  and  is  17.33  feet  above  gage  zero. 
The  bed  of  the  river  is  sandy  and  shifting,  and  it  is  necessary  to  make 
a  large  number  of  measurements  in  order  to  obtain  an  accurate  esti- 
mate of  the  discharge.     The  results  of  measurements  may  be  found 
as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page  420;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  406.     The  following  dis- 
charge measurements  were  made  by  W.  A.  Parish  during  1899: 

Diicharge  mecuuremenU  of  SaU  River  at  McDowdly  Ariaona, 

1899. 


Date. 

Oa«e 
height. 

Dificharge. 

Date. 

Oage 
height. 

Dischaige. 

JailTOMT  15 

11.40 
11.06 
11.20 
11.20 
11.20 
11.80 
10.86 
10.89 
10.10 

Second^eet. 
&0 
367 
890 
426 
519 
602 
481 
475 
178 

July  16 

Fset. 

10.35 

10.55 

10.20 

11.50 

10.40 

11.90 

11.00 

10.95 

Second-feel. 

244 
144 
716 
178 
496 
226 
831 

JaniiAiy22 

Amnut  22 

FebniRTv  12 , , 

September  4 

February  28 

September  10 

October  8 

March  12 

March  81 

October  15 

April  29 

November  80 

December  1 

April  30 

Jane  29 

A  series  of  measurements  of  canals  diverting  water  from  Salt  River 

in  the  vicinity  of  Phcenix  were  made  by  Cyrus  C.  Babb  from  June  12  to 

5,  inclusive,  in  order  to  determine  the  amount  of  retura  water  to  the 

i*iver  through  seepage.     A  similar  series  of  measurements  were  made 
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in  June,  1896.     A  discussion  of  these  two  sets  of  seepage  measure- 
ments  will  be  made  in  the  Twenty-first  Annual  Keport 

IHsodlaneous  discharge  meaauremenU  in  Soli  Jiiver  Valley,  Arizona, 


Date. 

stream. 

LocaUty. 

Dtechaxge. 

June  12 

June  12 

June  13 

June  13 

June  13 

June  13 

June  13 

June  13 

June  13 

June  13 

June  13 

June  13 

June  13 

June  15 

June  15 

June  15 

June  15 

June  1^ 

Salt  River 

Ghurinff  station 

Seamd-f&l. 
197.0 

Verde  River 

Gaging  station 

Below  waste  gate 

140.0 

Arizona  canal 

185.0 

Arizona  waste 

At  river 

88.0 
18.7 
31.7 
67. 7 
1.8 
15.3 

5.8 

70.6 

Salt  River 

Opposite  Arizona  waste  gate. 
Opposite  Arizona  waste  gate. 
Below  waste  gate 

Highland  canal 

Mesa  Connoiidated 

Small  flume 

Mesa  waste  sate 

Mesa     Consolidated 

waste. 
Salt  River 

Near  gate 

Opposite  Mesa  Ck>n8olidated 

waste  gate. 
Ford  near  bead 

Tempe  canal 

Salttliver 

Opposite  Tempe  canal  head. 
Railroad  bridge 

0.0    I 

8alt  River 

59.8    1 

Salt  River 

South  of  Phoenix 

At  head 

0.0 

St.  Johns  canal 

Salt  River 

7.8   1 

Below  head   of  St   Johns 

canal. 
At  head 

23.9    1 

Buckeve  canal 

Salt  River 

1 
102.3    ' 

Below  Buckeye  canal 

1.0 

Daily  gage  height,  in  feet,  of  Salt  River  at  McDowell,  Arizona,  for  1899. 


Jan. 


10.80 
10.85 
10.70 
10.70 
10.70 
10.65 
10,70 
10.70 
10.70 
10.70 
10.65 
11.05 
11.90 
11.65 
11.70 
11.30 
11.20 
11.15 
11.15 
11.25 
11.10 
11.10 
11.05 
11.05 
11.00 
11.00 
10.90 
10.90 
10.90 
10.90 
10.90 


Feb. 


10.95 
11.00 
11.10 
11.40 
11.80 
11.25 
11.20 
11.15 
11.10 
11.05 
11.80 
11.20 
11.30 
11.35 
11.80 
11.20 
11.15 
11.15 
11.10 
11.10 
11.10 
11.10 
11.10 
11.15 
11.16 
11.20 
11.20 
11.20 


Mar. 


11.20 
11.15 
11.10 
11.10 
11.16 
11.20 
11.25 
11.25 
11.20 
11.20 
11.20 
11.25 
11.80 
11.25 
11.20 
11.15 
11.10 
11.05 
11.05 
11. 10 
11.10 
11.10 
11.10 
11.10 
11.10 
11.10 
11.20 
11.35 
11.80 
11.40 
11.80 


Apr. 


U.80 
11.25 
11.20 
U.15 
11.15 
11.10 
11.20 
11.80 
11.30 
11.80 
11.35 
11.80 
11.35 
11.35 
11.35 
11.35 
11.30 
11.35 
11.35 
11.30 
11.25 
11.25 
11.20 
11.15 
11.15 
11.15 
11.10 
11.10 
11.05 
10.90 


May. 


10.90 
10.96 
10.80 
10.75 
10.80 
10.75 
10.75 
10.70 
10.65 
10.60 
10.55 
10.50 
10.50 
10.46 
10.60 
10.56 
10.66 
10.55 
10.50 
10.65 
10.56 
10.56 
10.56 
10.60 
10.60 
10.56 
10.50 
10.45 
10.40 
10.85 
10.80 


June. 


10.25 
10.35 
10.40 
10.45 
10.46 
10.40 
10.86 
10.86 
10.36 
10.40 
10.80 
10.25 
10.20 
10.20 
10.20 
10.20 
10.20 
10.15 
10.15 
10.10 
10.20 
10.15 
10.20 
10.80 
10.20 
11.10 
10.50 
10.16 
10.10 
10.10 


July. 


Aug. 


Sept. 


10.10 
10.10 
10.10 
10.05 
10.10 
10.10 
10.06 
10.05 
10.05 
10.10 
10.26 
10.60 
10.50 
10.80 
10.60 
10.40 
10.90 
10.90 
10.80 
10.70 
11.00 
10.76 
11.60 
11.40 
12.60 
11.60 
11.70 
11.60 
12.70 
12.80 
18.00 


13.60 
17.00 
14.80 
18.00 
12.90 
12.70 
12.20 
11.90 
11.10 
11.96 
11.30 
11.40 
11.20 
11.00 
11.00 
10.90 
11.05 
10.95 
10.80 
10.60 
10.60 
10.56 
10.40 
10.40 
10.45 
10.40 
10.40 
10.35 
10.80 
10.80 
10.40 


10.80 
10.85 
10.30 
10.40 
10.40 
10.40 
10.35 
10.80 
11.46 
12.60 
11.65 
11.50 
11.80 
11.00 
10.80 
10.70 
10.60 
10.55 
10.50 
10.45 
10.45 
10.46 
10.40 
10.35 
10. 3£ 
10.86 
10.35 
10.36 
10.86 
10.80 


OcL 


10.30 
10.30 
10.30 
10.40 
10.40 
10.40 
10.40 
10.45 
10.40 
10.40 
10.40 
10.66 
12.70 
11.90 
11.85 
12.30 
11.80 
11.50 
U.dO 
11.00 
U.OO 
11.00 
11.00 
11.00 
U.OO 
11.00 
10.96 
10.95 
10.96 
10.90 
10.90 


Nov. 


10.95 
10.80 
ia80 
10.80 
10.90 
10.90 
10.90 
10.90 
ia90 
10.90 
10.90 

laso 

10.90 
11.00 
11.00 
11.00 
11.00 
11.00 
ILOO 
11.00 
11.00 
11.00 
11.00 
11.00 
11.00 
11. 00 
ll.OO 

11.  oo 

11.00 
11.00 


station  discontinued  November  SO. 
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VERDE   RIVER  AT  MCDOWELL,    ARIZONA. 

This  river  rises  in  north-central  Arizona  and  flows  in  a  general 
southerly  direction,  entering  Salt  River  30  miles  northeast  of  Phoenix. 
A  number  of  large  irrigation  enterprises  have  recently  been  planned 
and  are  now  in  course  of  construction,  designed  to  divert  water  from 
the  lower  stretch  of  the  river  to  irrigate  lands  north  of  Phoenix.  The 
results  of  measurements  of  this  river  combined  with  those  of  Salt  River 
show  the  amount  of  water  available  for  the  irrigable  lands  of  Phoenix 
Valley.  The  dam  of  the  Arizona  Canal  Company  is  located  on  Salt 
River  immediately  below  the  mouth  of  the  Verde.  The  gaging  station 
of  this  latter  stream  is  located  three-fourths  of  a  mile  above  its  mouth 
and  30  miles  northeast  of  Phoenix.  It  was  established  April  20, 1897. 
The  station  is  equipped  with  a  cable,  car,  and  tagged  wire.  The  gage 
consists  of  a  2  by  4  inch  inclined  rod  fastened  to  posts  driven  into  the 
east  bank  of  the  river  about  400  feet  below  the  gaging  cable.  The 
bench  mark  is  on  a  cat's  claw  tree  about  100  feet  southeast  from  the 
old  gage,  on  a  cottonwood  tree,  which  latter  is  60  feet  below  the  cable. 
The  elevation  of  the  bench  mark  is  27.02  feet  above  gage  datum.  The 
channel  of  the  river  is  similar  to  that  of  Salt  River — sandy  and  liable  to 
change  during  a  slight  rise,  and  a  large  number  of  measurements  are 
necessary  in  order  to  accurately  determine  the  discharge.  The  results 
of  measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  420;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  407.  The  following  measurements  of  discharge  were  made  by 
W.  A.  Parish  during  1899. 

Discharge  measurements  of  Verde  River  at  McDowell^  Arizona. 

1899. 


January  15.. 
January  22.. 
February  12 
February  28 
March  12  . . . 
March  30  . . . 

April  29 

April  30 

June  29 


Gage 
height. 

Discharge. 

Feci. 

Sectmd-feet. 

7. 05 

4M 

7.50 

856 

7.70 

374 

7.55 

324 

7J^ 

2(52 

7.50 

2:il 

7.:i.5 

191 

7.40 

209 

7.16 

127 

Date. 


July  16 

August  5 

August  22 

Septemlicr  4 . 
SepteinbtT  10 

October  8 

October  15... 
November  30 
December  1.. 


Gage 
height. 

Discharge. 
Sfcond-fcet. 

Fed. 

7.50 

•2:>i 

8.90 

1,213 

7.35 

i:^ 

7.40 

14t> 

8.20 

481 

7.50 

20(i 

9.20 

1,670 

7.80 

303 

7.75 

265 
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Daily  gage  height^  in  feet,  of  Verde  River  at  McDmvellj  Arwcma,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

7.45 
7.46 
7.46 
7.60 
7.40 
7.40 
7.40 
7.46 
7.40 
7.40 
7.45 
7.40 
7.80 
7.75 
7.70 
7.46 
7.40 
7.46 
7.45 
7.60 
7.60 
7.80 
7.45 
7.50 
7.55 
7.50 
7.40 
7.66 
7.46 
7.66 
7.65 

7.55 
7.55 
7.60 
7.40 
7.60 
7.60 
7.60 
7.55 
7.55 
7.65 
7.70 
7.70 
7.66 
7.65 
7.65 
7.60 
7.56 
7.65 
7.65 
7.56 
7.60 
7.6C 
7.60 
7.60 
7.60 
7.70 
7.60 
7.66 

7.65 
7.60 
7.60 
7.66 
7.65 
7.56 
7.66 
7.55 
7.56 
7.55 
7.56 
7.66 
7.65 
7.66 
7.55 
7.55 
7.65 
7.56 
7.50 
7.50 
7.50 
7.55 
7.65 
7.50 
7.60 
7.50 
7.m 
7.50 
7.65 
7.66 
7.65 

7.50 
7.60 
7.50 
7.60 
7.50 
7.50 
7.46 
7.40 
7.45 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.86 
7.30 
7.35 
7.35 
7.35 
7.35 
7.85 
7.35 
7.36 
7.35 
7.36 
7.40 
7.86 
7.86 
7.40 

7.40 
7.40 
7.35 
7.80 
7.30 
7.30 
7.30 
7.30 
7.86 
7.86 
7.25 
7.20 
7.20 
7.20 
7.20 
7.26 
7.25 
7.25 
7.20 
7.16 
7.10 
7.10 
7.10 
7.10 
7.15 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 

7.16 
7.20 
7.25 
7.20 
7.36 
7.36 
7.36 
7.86 
7.36 
7.80 
7.20 
7.25 
7.20 
7.20 
7.20 
7.20 
4.20 
7.16 
7.16 
7.10 
7.10 
7.10 
7.20 
7.80 
7.20 
7.20 
7.45 
7.26 
7.15 
7.16 

7.20 
7.16 
7.15 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.26 
7.40 
7.70 
7.60 
7.80 
7.60 
7.70 
7.60 
7.40 
7.60 
8.40 
7.60 
7.46 
8.60 
8.26 
9.06 
8.60 
7.70 
7.76 
8.20 
8.00 
7.80 

8.00 
8.80 
9.00 
9.00 
9.60 
8.90 
8.60 
8.30 
8.10 
8.00 
7.80 
7.60 
7.66 
7.66 
7.45 
7.40 
7.66 
7.60 
7.40 
7.86 
7.86 
7.86 
7.80 
7.80 
7.25 
7.25 
7.26 
7.20 
7.20 
7.20 
7.86 

7.86 
7.40 
7.50 
7.40 
7.40 
7.35 
7.40 
9.60 
9.70 
8.80 
8.00 
7.86 
7.70 
7.66 
7.80 
7.60 
7.50 
7.50 
7.50 
7.45 
7.46 
7.45 
7.40 
7.45 
7.45 
7.40 
7.40 
7.40 
7.35 
7.40 

7.86 
7.85 
7.86 
7.60 
7.70 
7.60 
7.45 
7.45 
7.46 
7.60 
7.55 
10.60 
8.60 
8.60 
9.30 
9.26 
8.60 
8.20 
8.20 
8.00 
8.00 
7.90 
7.86 
7.80 
7.80 
7.80 
7.80 
7.80 
7.75 
7.75 
7.70 

7.70 
7.70 
7.70 
7.  €6 
7.70 
7. 70 
7.70 
7.70 
7.70 

2 

8 

4 

6 

6 

7 

8 

9 

10 

7.70 

11 

7.70 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 , 

25 

26 

27 

28 

29 

80 

81 
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COLORADO  RIVER  AT  TUMA,   ARIZONA. 

This  river  drains  one  of  the  largest  areas  in  the  West.  It  is  formed 
by  the  junction  of  Green  and  Grand  rivers  in  Utah,  and  flows  in  a 
general  southerly  direction  until  it  enters  the  Grand  Canyon  in  nortii- 
ern  Arizona,  when  its  general  direction  is  westerly  for  some  distance, 
and  then  southerly.  It  forms  the  boundary  line  between  Nevada  and 
Arizona,  and  lower  down  between  California  and  Arizona.  It  enters 
thjB  Gulf  of  California  70  miles  below  Yuma.  The  station  is  located  at 
the  Southern  Pacific  railroad  bridge  across  the  Colorado  River  at 
Yuma,  Arizona.  The  gage  is  fastened  to  a  tall  pile  about  100  feet  east 
of  the  north  end  of  the  bridge.  Low-water  readings  are  taken  from 
a  gage  placed  on  the  west  end  of  the  southern  pier.  The  record  here 
has  been  kept  by  the  Southern  Pacific  Railroad  Company  since  April, 
1878,  and  is  furnished  to  this  office.  No  measurements  of  discharge 
were  made  here  in  1899. 
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DaSy  gage  Jieighi,  in  feet,  of  Colorado  River  at  Yuma,  Arizona,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.... 

17.76 

18.58 

19.00 

19.00 

20.50 

23.42 

25.67 

20.83 

18.83 

18.00 

18.26 

18.68 

2.... 

17.92 

18.50 

19.06 

18.83 

20.67 

23.33 

26.58 

20.83 

18.75 

17.92 

18.26 

18.68    ' 

8.... 

18.00 

18.58 

19.25 

19.00 

21.26 

23.67 

25. 5R 

20.75 

18.75 

17.83 

18.26 

18.67    1 

4.... 

17.92 

18.58 

19.50 

19.00 

21.50 

23.67 

25.50 

20.67 

18.67 

17.75 

18.26 

18.68 

6.... 

17.83 

18.58 

19. 75 

19.00 

21. 75 

23.67 

25.33 

20.92 

18.58 

17.75 

18.33 

18.50 

6.... 

17.75 

18.67 

19.75 

19.00 

22.00 

23.83 

-25.00 

21.17 

18.80 

17.75 

18.33 

18.68    ' 

7.... 

17.75 

18.67 

19.75 

19.00 

22.08 

23.83 

24.75 

21.83 

18.42 

17.75 

18.25 

18.68 

8.... 

17.92 

18.67 

19.67 

19.00 

22.17 

24.00 

24.67 

21.50 

18.42 

17.67 

18.33 

18.58 

9.... 

18.06 

18.67 

19.58 

19.83 

21.83 

24.33 

24.60 

21.17 

18.42 

17.50 

18.33 

18.67 

10.... 

18.06 

18.75 

19.58 

20.17 

21.42 

24.17 

24.33 

21.50 

18.42 

17.50 

18.33 

18.58 

11.... 

18.00 

18.75 

19.42 

19.83 

21.17 

24.00 

24.33 

21.67 

18.42 

17.50 

18.25 

18.33 

12.... 

17.83 

18.75 

19.08 

19.75 

21.00 

28.67 

24.08 

21.75 

18.42 

17.50 

18.25 

18.38 

18.-.. 

17.75 

18.75 

19.00 

19.58 

20.75 

23.67 

24.00 

21.67 

18.25 

17.33 

18.25 

18.26 

14.... 

17.67 

18.83 

19.00 

19.60 

20.60 

23.83 

23.83 

21.83 

18.33 

17.25 

18.17 

18.17 

16.... 

17.75 

18.83 

19.00 

19.50 

20.60 

24.00 

23.75 

20.83 

18.33 

17.17 

18.17 

18.17 

16.... 

18.00 

18.92 

19.00 

19.50 

20.67 

24.06 

23.38 

20.83 

18.33 

17.00 

18.17 

18,25 

17.... 

18.42 

18.92 

19.17 

19.58 

21.00 

24.33 

23.17 

20.00 

18.33 

17.00 

18.17 

18.25 

18.... 

18.58 

18.75 

19.17 

19.50 

21.50 

24.33 

23.00 

19.92 

18.17 

17.00 

18.17 

18.08 

19.... 

18.67 

18.67 

19.25 

19.50 

22.83 

24.83 

22.83 

19.67 

18.17 

17.08 

18.17 

18.00 

20.... 

18.67 

18.58 

19.17 

19.50 

23.42 

24.58 

22.58 

19.50 

18.08 

17.08 

18.25 

17.83 

21.... 

18.67 

18.67 

19.08 

19.42 

23.83 

24.83 

22.42 

19.42 

18.00 

17.08 

18.50 

17.76 

22.... 

18.67 

18.75 

19.17 

19.42 

24.00 

25.00 

22.17 

19.33 

17.92 

17. 17 

18.50 

17.67 

23.... 

18.76 

18.83 

19.17 

19.50 

24.17 

25.00 

22.00 

19.33 

17.83 

18.67 

18.42 

17.67 

24.... 

18.67 

18.75 

19.17 

19.58 

24.33 

26.17 

22.00 

19.42 

17.83 

19.17 

18.42 

17.67 

26.... 

18,67 

18.83 

19.26 

19.67 

24.50 

25.25 

21.67 

19.50 

17.67 

18.92 

18.42 

17.58 

26.... 

18.67 

18.75 

10.33 

20.33 

24.50 

25.33 

21.83 

19.00 

17.50 

18.67 

18.50 

17.67 

27.... 

18.67 

18.92 

19.26 

20.92 

24.50 

25.33 

21.75 

19.00 

18.67 

18.50 

18.50 

17.58 

28.... 

18.58 

18.92 

19.17 

20.92 

24.17 

26.50 

21.50 

19.08 

18.17 

18.25 

18.50 

17.50 

29.... 

18.42 

19.08 

20.83 

23.83 

25.75 

21.33 

19.00 

18,08 

18.17 

18.50 

17.50 

30.... 

18.50 

19.00 

20.58 

23.50 

25.67 

21.17 

18.92 

18.00 

18.17 

18.58 

17.83 

81.... 

18.50 

19.00 

23.33 

21.00 

18.83 

18.25 

17,42 

NORTH   FORK   OF  HUMBOLDT   RIVER  AT  PEKO,    NEVADA. 

This  tributary  of  Humboldt  River  rises  in  northern  Nevada,  its 
headwaters  adjoining^  those  of  the  Owyhee  River  on  the  north.  Its 
general  course  is  southerly  through  a  rolling  country  until  it  joins 
the  main  Humboldt  River.  The  gaging  station,  established  March 
25,  1898,  by  L.  H.  Taylor,  is  located  at  the  Southern  Pacific  i-ailroad 
bridge  about  2  miles  west  of  Peko  and  a  short  distance  above  the  mouth 
of  the  river.  The  gage  is  a  vertical  timber  spiked  to  the  pile  support 
of  the  railroad  bridge.  The  bench  mark  is  on  the  stone  abutment  on 
the  east  end  of  the  bridge,  on  the  left  bank,  and  is  12  feet  above  gage 
datum.  The  channel  above  and  below  the  station  is  curved,  and  the 
current  is  moderately  swift.  The  bed  of  the  stream  is  of  sand  and 
gravel,  shifting  somewhat  during  high  stages.  The  results  of  meas- 
urements for  1898  are  shown  in  the  Twentieth  Annual  Report,  Part 
IV,  page  436.  The  following  measurements  of  discharge  were  made 
by  L.  H.  Taylor  during  1899: 

April  28,  gage  height,  5  feet;  discharge,  732  second-feet. 
May  15,  gage  height,  4.50  feet;  discharge,  504  second-feet 
June  26,  gage  height,  5.70  feet;  discharge,  1,053  second-feet. 
July  22,  gage  height,  4  feet;  discharge,  331  second-feet. 
August  29,  gage  height,  3.10  feet;  discharge,  104  second-feet 
September  30,  gage  height,  1.75  feet;  discharge,  6  second-feet 
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Daiiy  gage  height,  in  feet,  of  North  Fork  of  HwmJbMi  River  <U  Ptko,  Nevada,  for  1899. 


Day. 

Jan. 

2.20 
2.20 
2.40 
2.40 
2.60 
2,70 
2,70 
2.20 
2.20 
2.30 
2.30 
2.40 
2.40 
2.40 
2.70 
2.70 
2.80 
2.80 
2.90 
8.00 
3.00 
2.40 
2.40 
2.50 
2.50 
2.60 
2.60 
2.60 
2.20 
2.20 
2.40 

Feb. 

2.40 
2.60 
2.60 

Mar. 

2.60 
2.60 
2.70 

Apr. 

4.00 
4.00 
4.00 
4.20 
4.20 
4.30 
4.80 
4.30 
4.80 
4.90 
5.00 
5.00 
5.40 
6.60 
6.80 
6.80 
6.80 
6.70 
6.70 
6.60 
6.50 
6.00 
5.20 
5.20 
5.30 
5.30 
5.20 
5.00 
4.70 
4.60 

May. 

June. 

July. 

Aug. 

4.20 
4.10 
4.00 
4.00 
4.00 
3.90 
8.70 
8.60 
8.40 
3.20 
3.10 
8.10 
8.00 
8.00 
2.90 
2.80 
2.80 
2.70 
2.70 
8.00 
8.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.90 
2.90 
2.80 
2.80 

Sept 

Z70 
2.70 
2.70 
2.70 
2.80 
2.80 
2.70 
2.60 
2.60 
2.70 
2.80 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.60 
2.50 
2.40 
2.80 
2.20 
ZOO 
1.90 
1.80 
1.80 
1.80 

Oct 

Not. 

Dec 

1 

4.60 
4.40 
4.80 
4.20 
4.10 

4.20 
4.00 
4.00 
4.00 
4.10 

4.60 
4.50 
4.60 
4.60 
4.60 
4.50 
4.40 
4.80 
4.20 
4.20 
4.80 
4.20 
4.10 
4.20 
4.10 
4.20 
4.20 
4.00 
4.00 
4.10 
4.00 
4.00 
4.60 
4.60 
4.50 
4.50 
4.40 
4.20 
4.20 
4.80 
4.80 

1,70 
1.T0 
l.TO 
1.70 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.90 
ZOO 
ZOO 
ZOO 
ZOO 
ZIO 
ZIO 
ZIO 
ZIO 
ZIO 
ZIO 
ZIO 
Z20 
Z20 
Z20 
Z20 
Z20 
Z80 

Z80 
Z90 

zao 
zao 

Z80 

zao 
zao 

Z40 
Z40 
Z40 
Z40 
Z40 
Z40 

zao 

Z80 
Z20 
ZIO 
ZIO 
ZIO 
ZIO 

zao 

Z20 

zao 
zao 
zao 
zao 
zao 
zao 

ZIO 

zio 

ZIO 

zoo 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 

Z40 
Z40 
Z40 
Z40 

zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 
zao 

2 

8 

4 

2.60     2.70 
2.50     2.80 
2.50     2.90 
2.60     2.90 
2.60     8.00 
2.60  ■  3.40 
2.70  '  3.50 
2.70     3.60 

5 

6 

4.00     4.20 
4.00     4.80 
3.40     4.40 
3.00  ,  4.40 
3.00  '  4.40 

7 

8 

10 

11 

3.40 
3.50 
3.40 
4.40 
4.50 
4.60 
4.70 
4.70 
4.80 
4.80 
4.00 
4.10 
4.20 

4.20 
4.80 
4.40 
4.60 
4.70 
4.90 
5.00 
5.60 
5.80 
5.90 
6.00 
6.00 
6.10 

12 

2.50 
2.50 
2.60 

3.20 
3.20 
3.30 

18 

14 

15 

2. 60     3.  SO 

16 

2.60 
2.60 

3.40 
.'^.40 

17 

18 

2.60     3.50 

19... 

20 

3.30 
3.30 
3.80 

8.60 
3.60 
3.70 

21 

22 

3.40  ,  3.70 
3.40  i  3.80 
3.50     3.90 

28 

24 

4.30     6-00 

25 

3.50 
2.50 
2.60 
2.60 

4.00 
3.60 
8.70 
8.70 
8.70 
8.80 
8.90 

4.30 
4.40 
4.40 
4.00 
4.00 
4.10 
4.20 

5.90 
5.00 
5.80 
5.20 
4.90 
4.70 

26 

27 

28 

29 

PO 

81 

HUMBOLDT   RIVER   AT   ELKO,  NEVADA. 

This  river  rises  in  the  extreme  northeastern  part  of  Nevada,  and 
flows  in  a  general  westerly  and  southerly  direction,  finally  entering 
Humboldt  Lake,  whence  its  waters  find  their  way  into  Humboldt  and 
Carson  sinks.  The  general  direction  of  the  mountain  ranges  of  this 
basin  is  north  and  south,  crossed  at  nearly  right  angles  by  the  main 
Humboldt  River.  The  tributaries  flow  in  the  general  direction  of  the 
mountain  itmges  and  drain  either  northward  or  southward.  The  basin 
may  be  divided  into  three  divisions — ^the  eastern,  or  headwater  divi- 
sion, separated  from  the  middle  or  Battle  Mountain  Valley  by  Palisade 
Canyon;  the  central  and  western  divisions,  separated  by  Hot  Springs 
Eange  on  the  north  and  by  Battle  Mountain  and  Sonoma  ranges  on  the 
south.  There  is  a  large  body  of  agricultural  land  in  the  basin  of 
Humboldt  River  which  at  the  present  time  is  not  wholly  reclaimed. 
During  low  stages  the  river  is  wholly  diverted.  For  the  futare 
development  of  the  country  recourse  must  be  had  to  the  construction 
of  reservoirs  for  storage  purposes.  The  station  at  Elko,  established 
June  17,  1895,  by  L.  H.  Taylor,  is  located  at  the  highway  bridge  1 
mile  southwest  of  the  town.  The  gage  is  inclined,  fastened  to  iron 
bolts  driven  into  the  solid  rock,  and  is  placed  on  the  left  bank  imme- 
diately below  the  bridge.  The  bench  mark  is  on  the  southwest  comer 
of  the  cofferdam  surrounding  the  stone  pier  of  the  bridge  80  feet 
north  of  the  gage,  and  is  at  an  elevation  of  7.50  feet  above  gage 
datum.     The  right  bank  is  quite  low,  the  left  is  high  and  rocky.    The 
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bed  of  the  stream  is  of  gravel  and  sand,  with  a  slight  tendency  to 
change  its  channel  during  flood  stages.  The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  300;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  425;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  437.  The  following  measure- 
ments of  discharge  were  made  by  L.  H.  Taylor  during  1899: 

Dx9charge  measwrements  of  Humboldt  River  at  Elko,  Nevada. 

1899. 


Date. 

Gaffe 
height 

Dischaige. 

Date. 

Gage 
height. 

Discharge. 

April  27 

Feet. 
6.40 
5.40 
5.90 
7.80 

Secorul-/eet. 
1,421 
984 
1,245 

July  2 

7.10 
4.50 
2.80 
2.10 

Secondr/eel. 

1,817 

630 

144 

81 

May  10 

July22 

June  10 

August  28 

Jrm^r  26     -  - ,  T  r  T , 

2,260 

September  29 

Daily  ga>ge  height^  infeetf  of  Humboldt  River  at  Elko,  Nevada,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

6.40 
6.10 
5.80 
5.60 
5.60 
5.60 
5.80 
5.70 
5.55 
5.40 
5.20 
5.20 
5.20 
5.35 
5.65 
5.90 
6.30 
6.50 
6.75 
6.80 
6.65 
6.40 
6.10 
5.85 
5.40 
5.10 
5.10 
5.10 
5.45 
5.50 
5.60 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.16 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.20 
2.20 
2.20 
2.20 
2.40 
2.80 
2.90 
3.15 
3.15 
3.20 
3.20 
3.25 
3.30 
3.80 
3.30 
3.35 
3.35 
8.40 
3.40 
3.45 
3.45 
3.46 
3.45 
3.45 

Nov. 

Dec. 

1 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.95 
1.95 
1.90 
1.95 
2.00 
2.00 
2.00 
2.05 
2.05 
2.15 
2.15 
2.20 
2.25 
2.90 
2.85 
2.85 
2.80 
2.30 
2.80 

2.80 
2.30 
2.85 
2.35 
2.85 
2.85 
2.85 
2.85 
2.90 
2.80 
2.90 
2.30 
2.35 
2.85 
2.35 
2.85 
2.40 
2.40 
2.60 
2.55 
2.60 
2.60 
2.70 
2.70 
2.70 
2.75 
2.75 
2.75 

2.75 
2.80 
2.85 
2.85 
2.90 
3.00 
8.00 
8.05 
8.05 
3.05 
3.05 
3.05 
3.05 
3.10 
8.15 
3.15 
8.10 
3.05 
3.15 
3.20 
3.20 
3.30 
8.40 
8.70 
3.75 
4.60 
4.55 
4.45 
4.40 
4.35 
4.85 

4.85 
4.25 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.35 
4.40 
4.90 
5.15 
5.50 
6.20 
6.90 
7.30 
7.20 
7.15 
7.15 
7.15 
7.10 
7.10 
6.80 
6.60 
6.50 
6.50 
6.40 
6.40 
6.40 
6.40 

5.70 
5.80 
5.80 
5.80 
5.80 
5.80 
5.90 
5.90 
6.90 
5.95 
6.00 
6.20 
6.30 
6.40 
6.60 
7.00 
7.26 
7,20 
7.30 
7.30 
7.50 
7.75 
8.00 
8.00 
8.00 
7.80 
7.70 
7.60 
7.60 
7.36 

7.20 
7.15 
7.00 
6.90 
6.90 
6.76 
6.60 
6.40 
6.20 
6.05 
6.80 
6.65 
5.60 
5.30 
5.25 
5.20 
5.10 
4.90 
4.75 
4.50 
4.60 
4.50 
4.60 
4.50 
4.35 
4.30 
4.20 
4.15 
4.00 
3.90 
3.80 

3.70 
3.60 
8.40 
3.30 
3.20 
3.20 
8.10 
3.10 
8.10 
8.10 
2.90 
2.90 
2.70 
2.60 
2.50 
2.50 
2.60 
2.60 
2.70 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.40 
2.30 
2.20 
2.10 
2.10 
2.10 

3.50 
3.50 
8.65 
3.65 
3.55 
8.55 
3.55 
3.55 
3.55 
3.60 
3.60 
3.60 
3.60 
3.62 
3.62 
3.66 
3.66 
3.66 
3.65 
3.65 
3.66 
8.67 
8.67 
3.67 
3.67 
3.60 
8.40 
3.15 
3.00 
2.90 

2.80 
2.75 
2.60 
2.59 
2.68 
2.67 
2.58 
2.59 
2.60 
2.60 
2.60 
2.60 
2.65 
2.65 
2.60 
2.60 
2.68 
2.55 
2.54 
2.64 
2.63 
2.52 
2.50 
2.50 
2.48 
2.46 
2.43 
2.40 
2.39 
2.36 
2.36 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

ao 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 

SOUTH   FORK  OF  HUMBOLDT   RIVER  AT   MASON's  RANCH,  NEVADA. 

This  tributary  rises  in  Eureka  and  White  Pine  counties,  and  takes 
a  nearly  due  north  course,  entering  the  main  Humboldt  River  10 
miles  below  Elko.  The  little  irrigation  practiced  in  the  basin  is  almost 
exclusively  for  forage  plants.  The  measurements  of  discharge  show 
the  amount  of  water  available  for  storage.  There  is  a  good  site  for  a 
reservoir  a  short  distance  above  the  station.  The  station,  established 
August  29,  1896,  by  L,  H.  Taylor,  is  located  10  miles  southwest  of 
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the  town  of  Elko  and  about  6  miles  above  the  junction  of  the  South 
Fork  with  the  main  stream.  The  gage  is  inclined  and  spiked  to  posts 
driven  firmly  into  the  right  bank.  The  bench  mark  is  the  top  of  a 
2  by  4  inch  post,  2i  feet  long,  driven  flush  with  the  ground  10  feet 
noi*th  of  the  gage,  and  is  at  an  elevation  of  7.50  feet  above  gage 
datum.  The  measurements  are  made  from  a  cable  and  .suspended 
car,  at  a  point  1  mile  above  the  gage,  the  latter  being  placed  near  the 
farm  of  the  observer,  for  his  convenience.  At  the  jKjint  of  measure- 
ment the  banks  are  high,  and  the  channel  is  straight  for  some  distance 
above  and  below  the  station.  The  bed  of  the  stream  is  of  rock  and 
gravel  and  quite  stable.  The  results  of  measurements  may  be  found 
OS  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  311;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  430;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  440.  The  following  discharge  meas- 
urements were  made  by  L.  H,  Taylor  during  1899: 

April  27,  gage  height,  2.50  feet;  discharge,  404  second-feet. 
May  10,  gage  height,  1.80  feet;  discharge,  227  second-feet 
June  10,  gage  height,  3.30  feet;  discharge,  658  second-feet. 
June  25,  gage  height,  4.80  feet;  discharge,  1,122  second-feet 
July  2,  gage  height,  4.15  feet;  discharge,  910  second-feet 
August  28,  gage  height,  0.75  foot;  discharge,  42  second-feet 
September  29,  gage  height,  0.55  foot;  dischaif^e,  20  second-feet 

Daily  gnge  lidghty  in  feet,  of  South  Fork  of  Humboldt  River  at  Mcuon^s  rwnehf  Nevada,  for 

1899. 


Day. 


1. 
•2. 
8. 
4. 
5. 
6. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
•28. 
29. 
;^0. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Au«r. 

1.75 

Sept 

Oct 

Nov. 

1.00 

1.80 

1.20 

1.85 

2.00 

2.90 

4.26 

0.60 

0.60 

0.80 

1.00 

1.80 

1.80 

1.85 

1.90 

2.35 

4.26 

1.76 

.56 

.60 

.80 

1,00 

1.30 

1.80 

1.85 

1.85 

2.45 

4.10 

1.70 

.65 

.60 

.80 

1.00 

1.30 

1.25 

1.80 

1.80 

2.85 

8.90 

1.60 

.65 

.65 

.80 

1.00 

1.20 

1.20 

1.90 

1.76 

2.45 

8.70 

1.60 

.55 

.65 

.80 

1.00 

1.20 

1.20 

1.96 

1.70 

2.65 

3.70 

1.60 

.56 

.65 

.80 

1.00 

1.26 

1.20 

2.15 

1.66 

2.90 

3.70 

1.60 

.55 

.65 

.80 

1.10 

1.25 

1.45 

2.40 

1.65 

8.00 

8.50 

1.60 

.56 

.65 

.80 

1.10 

1.36 

1.55 

2.80 

1.65 

3.10 

3.40 

1.60 

.55 

.70 

.80 

1.10 

1.50 

1.40 

2.80 

1.75 

3.30 

3.30 

1.45 

.55 

.70 

.80 

1.10 

1.80 

1.80 

2.80 

2.00 

3.65 

8.25 

1.40 

.55 

.70 

.80 

1.10 

1.65 

1.25 

2.90 

2.15 

8.80 

8.10 

1.40 

55 

.70 

.80 

1.20 

1.65 

1.25 

2.90 

2.85 

4.60 

3.00 

1.80 

.55 

.70 

.80 

1.20 

1.40 

1.20 

2.90 

2.50 

4.60 

3.00 

1.26 

.55 

.70 

.85 

1.20 

1.50 

1.20 

2,90 

2.66 

4.40 

2.90 

1.20 

.55 

.70 

.85 

1.20 

2.10 

1.45 

2.90 

2.66 

4.80 

2.80 

1.15 

.55 

.70 

.85 

1.20 

2.15 

1.45 

2.90 

2.55 

4.40 

2,70 

1.10 

.55 

.70 

.85 

1.20 

2.20 

1.45 

2.90 

2.40 

4.80 

2.60 

l.IO 

.55 

.70 

.90 

1.20 

2.10 

1.60 

2.70 

2.80 

5.20 

2.60 

1.10 

.56 

.70 

.90 

1.20 

2.10 

1.50 

2,50 

2.20 

5.40 

2.50 

1.00 

.65 

.70 

.90 

1.20 

1.80 

1.50 

2.45 

2.20 

6.65 

2.60 

1.00 

.55 

.70 

.90 

1.30 

1.50 

1.50 

2.45 

2.10 

5.80 

2.60 

.96 

.65 

.75 

.90 

1.30 

1.50 

1.60 

2,60 

2.00 

5.00 

2.80 

.90 

.55 

.80 

.90 

1.30 

1.40 

2.15 

2.60 

1.95 

4.70 

2.10 

.90 

.66 

.80 

.90 

1.30 

1.40 

2.70 

2.60 

1.90 

4.60 

2.10 

.86 

.55 

.80 

.90 

1.30 

1.15 

2,70 

2.60 

2.00 

4.50 

2.10 

.80 

.65 

.85 

.90 

1.30 

1.25 

2.30 

2.45 

2.20 

4.40 

2.00 

.75 

.55 

.85 

.90 

1.80 

1.20 

2.10 

2.35 

2.20 

4.20 

2.00 

.TO 

.60 

a^ 

.90 

1.30 

2.10 

2.10 

2.16 

4.20 

2.00 

.70 

.60 

.85 

.90 

1.80 

1.95 

2.10 

2.20 

4.80 

1.90 

.65 

.60 

.85 

.90 

1.30 

1.85 

-  >  ■  •  •  • 

2.20 

1.80 

.60 

.86 

Dec. 


0.90  . 

.90  ; 

.90  ' 

.90  I 

.90  j 

.90  , 

•» 

.90  ' 

.90  < 

.90 

■y  ' 

.85  , 

.85 

.85  ' 

.85 

.85  I 

.w 

.70  ' 

.70  ' 

.70  > 

.70  , 

.70  ' 

.70  ' 

.75  I 
.80 

.80  , 
.80 

.90  I 
.90 
.90 
.90 
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HUMBOLDT  RIVER  AT  GOLCONDA,   NEVADA. 

The  gaging  station  at  Golconda  is  located  near  the  great  northern 
bend  of  Humboldt  River  and  below  the  central  valley.  It  is  about 
15  miles  above  the  mouth  of  Little  Humboldt  River.  The  station  was 
established  by  L.  H.  Taylor  October  24,  1894,  and  has  been  main- 
tained continuously  since  that  time.  It  is  located  li  miles  north  of 
the  town.  The  gage  is  vertical  and  spiked  to  posts  driven  into  the 
left  bank  of  the  river.  Bench  mark  No.  1  is  the  top  of  a  2  by  4  inch 
post  driven  flush  with  the  ground  surface  20  feet  from  the  gage,  and 
is  at  an  elevation  of  10.55  feet  above  gage  datum.  Bench  mark  No.  2 
is  the  top  of  a  large  spike  driven  into  a  post  which  is  set  firmly  into 
the  ground  about  15  feet  from  the  gage,  and  is  13.70  feet  above  gage 
datum.  Measurements  are  made  from  cable  and  suspended  car.  The 
banks  are  moderately  high,  but  liable  to  overflow  at  extreme  high 
stages.  The  bed  of  the  stream  is  of  gravel  and  sand,  somewhat  shifting. 
The  results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  306;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  427;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
438.     The  following  measurements  were  made  by  L.  H.  Taylor  in 

1899: 

April  29,  gage  height,  8.10  feet;  discharge,  2,157  second-feet. 
May  26,  gage  height,  7  feet;  dischax^ge,  1,440  second-feet. 
June  30,  gage  height,  7.60  feet;  dischai^ge,  1,767  second-feet. 
July  30,  gage  height,  6.30  feet;  discharge,  1,058  second-feet. 
August  25,  gage  height,  3.50  feet;  discharge,  316  second-feet. 
September  28,  gage  height,  1.05  feet;  dischaige,  37  second-feet. 

Dcaly  go^e  heigM,  in  feet,  of  Humboldt  River  at  Golconda^  Nevada,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

0.70 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.90 

1.80 

1.20 

1.40 

1.50 

1.60 

1.50 

1.70 

1.80 

2.10 

2.50 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 
2.70 
2.80 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
8.10 
8.50 
8.60 
8.80 
3.80 
8.80 
8.90 
3.90 
3.90 
3.90 
3.80 
3.?0 
3.70 
3.70 
3.70 
3.70 

8.60 
3.60 
3.50 
3.50 
3.60 
3.50 
3.  .50 
3.50 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
8.60 
3.60 
3.60 
3.60 
8.60 
3.60 
4.00 
4.40 
4.50 
4.50 
4.70 
4.70 
6.10 
5.40 
6.70 
5.70 
6.70 

5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.40 
6.60 
6.60 
6.70 
6.70 
6.70 
6.70 
6.80 
6.80 
6.90 
6.90 
7.50 
7.50 
7.50 
7.50 
7.60 
7.70 
7.80 
7.80 
7.90 
8.10 
8.10 

8.10 
8.10 
8.20 
8.80 
8.20 
8.20 
8.20 
8.20 
8.20 
8.10 
8.00 
8.00 
8.00 
8.00 
8.00 
7.90 
7.80 
7.70 
7.60 
7.50 
7.50 
7.40 
7.20 
7.20 
7.00 
7.00 
7.10 
7.20 
7.20 
7.30 
7.40 

7.00 
6.80 
7.00 
7.10 
7.05 
7.00 
7.00 
6.90 
6.90 
6.80 
6.70 
6.70 
6.60 
6.60 
6.60 
6.50 
6.60 
6.70 
6.80 
6.90 
7.10 
7.30 
7.40 
7.50 
7.50 
7.70 
7.80 
7.70 
7.60 
7.60 

7.70 
7.70 
7.80 
8.00 
8.00 
8.00 
8.00 
8.10 
8.10 
8.10 
7.90 
7.80 
7.70 
7.60 
7.60 
7.50 
7.50 
7.40 
7.40 
.7.30 
7.30 
7.00 
7.00 
6.90 
6.80 
6.80 
6.60 
6.50 
6.40 
6.30 
6.20 

6.10 
6.00 
5.90 
5.80 
6.50 
5.40 
5.30 
5.20 
5.00 
5.00 
4.90 
4.80 
4.80 
4.70 
4.60 
4.50 
4.60 
4.80 
4.30 
4.20 
4.10 
4.00 
3.80 
3.60 
3.50 
3.30 
3.10 
2.90 
2.70 
2.60 
2.40 

2.20 
1.90 
1.70 
1.60 
1.60 
1.45 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 
1.30 
1.30 
1.25 
1.25 
1.20 
1.20 
1.15 
1.15 
1.10 
1.10 
1.10 
1.06 
1.05 
1.05 
1.05 
1.05 
1.06 
1.05 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.95 

.96 

1.00 

1.00 

1.00 

1.05 

1.06 

1.10 

1.10 

1.15 

1.15 

1.20 

1.20 

1.25 

1.26 

1.80 
1.36 
1.40 
1.50 
1.55 
1.60 
1.60 
1.65 
1.65 
1.70 
1.70 
1.70 
1.76 
1.76 
1.80 
1.80 
1.85 
1.85 
1.85 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.95 
1.95 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.05 
2.06 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 
2.15 
2.15 
2.16 
2,16 
2.15 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.10 
2.10 
2.15 
2.15 
2.20 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 
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HUMBOLDT  RIVER  AT  OREANA,  NEVADA. 

On  the  lower  reaches  of  this  river  measurements  have  been  made 
for  a  number  of  years  at  Oreana,  and  the  results  show  the  amount  of 
water  available  for  storage  at  the  possible  reservoir  sites  in  the  vicin- 
ity of  Humboldt  Station,  and  also  for  the  six  canal  systems  now  in 
operation  below  Oreana.  The  station,  established  by  L.  H.  Taylor 
January  27,  1896,  is  located  1^^  miles  above  the  old  Oreana  highway 
bridge,  12  miles  northeast  of  Lovelock,  and  above  all  the  canals  divert- 
ing water  in  the  vicinity  of  that  town.  The  gage  rod  is  an  inclined 
2  by  4  inch  pine  timber,  spiked  to  posts  driven  well  into  the  bank  of 
the  river.  The  bench  mark  is  a  10  by  10  inch  post  near  the  left  bank 
of  the  stream,  about  40  feet  from  the  gage,  and  is  at  an  elevation  of 
10  feet  above  gage  datum.  The  station  is  provided  with  a  cable  and 
car.  The  river  banks  are  high  and  not  liable  to  overflow.  The  bed 
of  the  river  is  sandy  and  shifting.  The  results  of  measurements  may 
be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
307;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  428;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  439.  The  following  meas- 
urements of  discharge  were  made  byL.  H.  Taylor  during  1899: 

June  29,  gage  height,  4.50  feet;  discharge,  1,951  second-feet. 
August  2,  gage  height,  3.60  feet;  discharge,  1,214  second-feet 
August  30,  gage  height,  1.80  feet;  discharge,  241  second-feet. 
September  26,  gage  height,  1.20  feet;  discharge,  100  second-feet. 
October  27,  gage  height,  0.90  foot;  discharge,  60  second-feet 

Daily  gage  height j  infeety  of  Humboldt  River  ai  Oreana,  Nevada,  for  1899. 


Day. 

June. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1 

4.50 
4.50 
4.65 
4.55 
4.55 
4.60 
4.60 
4.60 
4.65 
4.70 
4.70 
4.70 
4.80 
4.80 
4.90 
4.90 
4.90 
6.00 
5.00 
5.00 
.    6.00 
4.90 
4.70 
4.55 
4.30 
4.10 
8.95 
8.85 
8.80 
8.90 
8.80 

8.70 
8.60 
3.50 
3.80 
8.20 
8.20 
3.10 
3.00 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.60 
2.60 
2.50 
2.60 
2.40 
2.40 
2.30 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 

1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 
1.80 
1.30 
1.25 
1.25 
1.20 
1.20 
1.20 
1.15 
1.15 
1.10 

1.10 

1.10 

1.05 

1.06 

1.05 

1.00 

1.00 

1.00 

1.00 

.05 

.96 

.95 

.96 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
1.00 
1.00 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.20 
L80 
1.90 
1.80 
1.80 
1.80 
1.80 
1.40 
1.40 
1.40 
1.40 
1.40 
L50 
1.50 
1.50 
1.60 
2.00 
2.00 
2.00 
2.00 
2.00 
2.60 
2.  GO 
2.60 
2.40 
2.40 
2.40 
2.40 
2.40 

2 

3 :::::::::::::"! 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

4.50 
4.50 

30 

81 
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TRUCKEE   RIVER  AT   NEVADA-HULIFORNIA  STATE  LINE. 

This  river  has  its  source  on  the  slopes  of  the  Sienna  Nevada  in  east- 
ern California  and  flows  northward,  entering  Lake  Tahoe.  This  lake 
is  at  an  elevation  of  6,225  feet,  and  is  the  largest  body  of  fresh  water 
in  the  United  States  at  this  considerable  altitude.  The  area  of  the 
lake  itself  is  193  square  miles.  As  the  State  line  between  Nevada 
and  California  passes  through  the  lake,  a  portion  of  it  is  in  each  State. 
The  outlet  of  the  lake  is  at  Tahoe,  California,  and  Truckee  River  from 
this  point  has  a  general  northward  course,  receiving  a  number  of 
important  tributaries  which  contribute  to  its  flow.  There  are  a  num- 
ber of  lakes  at  the  head  waters  of  the  branch  streams,  which  have  been 
surveyed  and  recommended  as  reservoir  sites.  The  drainage  area  is 
mapped  on  the  Pyramid  Peak,  Truckee,  Carson,  and  MarkleeviUe  atlas 
sheets  of  the  United  States  Geological  Survey.  The  basin  is  now  par- 
tially included  in  the  Lake  Tahoe  Forest  Reserve,  set  apart  by  Exec- 
utive proclamation  of  April  13,  1899.  September  7,  1899,  a  station 
was  established  on  this  river  by  L.  H.  Taylor,  at  the  State  line,  17 
miles  west  of  Reno,  Nevada.  The  gage  is  vertical,  driven  into  the 
bed  of  the  river  and  wii-ed  to  a  granite  bowlder.  The  bench  mark  is 
the  top  of  the  rock  to  which  the  rod  is  fastened,  and  is  at  an  elevation 
of  10  feet  above  gage  datum.  The  channel  is  straight  for  a  short  dis- 
tance above  and  below  the  station.  The  banks  are  not  liable  to  over- 
flow. The  bed  of  the  river  is  of  gravel  and  cobbles  and  quite  stable. 
One  measurement  of  discharge  was  made  by  L.  H.  Taylor  on  Septem- 
ber 7, 1899,  when  at  a  gage  height  of  2  feet  a  discharge  of  303  second- 
feet  was  found. 


IknLy  gage  height^  in 

feet,  of  Trochee  River  at  Nemdor-CaUfornia  State  line,  for  1899, 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
1.90 
1.90 

2.10 
2.10 
2.00 
2.00 
2.00 
2.60 
2.80 
8.20 
8.80 
4.00 
4.20 
3.60 
8.00 
2.70 
2.90 
2.70 

1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
1.90 

17 

2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

1.90 
1.90 
1.90 
2.40 
2.60 
2.70 
2.60 
2.40 
2.80 
2.20 
2.10 
2.00 
2.00 
2.10 
2.10 

2.70 
2.60 
2.60 
2.80 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 

2 

18 

8 

19 

4 

20 

6 

21 

6 

22 

7 , 

8 

2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.10 

23 

24 

9 

26 

10 

26 

11 

27 

12 

28 

18 

29 

14 

80 

16 

81 

16 

TBUC?KEE   RIVER  AT  VISTA,  NEVADA. 

On  the  lower  courses  of  this  river  are  located  considerable  stretches 
of  irrigable  land,  which,  however,  have  not  yet  been  developed  to 
their  fullest  extent.    The  drainage  basin  is  peculiar  in  that  its  moun- 
IRR  38 3 
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tainouH  collecting  area  is  located  in  the  State  of  California,  while  the 
lands  which  can  be  irrigated  are  situated  in  Nevada.  This  may  1^ 
in  the  future  to  certain  legal  difficulties,  but  not  to  the  extent  that  it 
would  if  there  were  agi'icultural  lands  in  both  States.  Truckee  River 
after  entering  Nevada  flows  in  a  general  easterly  and  then  northerly 
direction,  emptying  into  Pyramid  Lake.  The  drainage  area  is  mapped 
on  the  following  atlas  sheets  of  the  United  States  Geological  Survey: 
Pyramid  Peak,  Truckee,  Markleeville,  Carson,  Reno,  and  Wadsworth. 
The  station  at  Vista,  Nevada,  was  established  August  18, 1899,  by  L.  H. 
Taylor,  and  is  located  7  miles  east  of  Reno,  near  the  point  where 
measurements  were  made  in  1890, 1891,  and  1892,  the  results  of  which 
are  shown  in  the  Thirteenth  Annual  Report,  Part  III,  page  95.  The 
rod  is  spiked  to  posts  driven  into  the  bed  of  the  river.  The  bench 
mark  is  on  a  bluff  of  rocks  500  feet  east  of  the  gage,  and  is  at  an  eleva- 
tion of  17.50  feet  above  gage  datum.  Both  banks  are  high  and  not 
liable  to  overflow.  The  bed  is  rocky  and  not  subject  to  change.  Three 
ditches  diverting  water  from  Truckee  River  above  Reno  were  measured 
by  L.  H.  Taylor  on  September  4,  1899,  with  the  following  results: 
Highland  ditch,  6  miles  above  Reno,  4  miles  below  the  head  of  ditch, 
discharge  16.7  second-feet;  May  bury  ditch  at  flume  across  Hunter 
Creek,  1  mile  below  head  of  ditch  and  5  miles  west  of  Reno,  discharge 
47  second-feet;  Orr  ditch  at  stone  culvert  under  Southern  Pacific 
Railroad,  1  mile  below  head  of  ditch,  discharge  42  second-feet  Two 
measurements  of  discharge  were  made  by  L.  H.  Taylor  during  1899, 
as  follows:  The  first,  on  September  5,  at  a  gage  height  of  2  feet,  showed 
a  discharge  of  105  second-feet;  the  second  measurement,  on  October  28, 
at  a  gage  height  of  2.75  feet,  gave  a  discharge  of  477  second-feet. 


Daily 

gaffe 

height,  in  feet,  of  Truckee  River  at  Vista,  Nevada^  for 

/^»9. 

Day. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

Sept 

Oct 

Nov. 

Dec 

1 

1 

1.95 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.10 
2.06 
2.10 
2.10 
2.05 
2.15 
2.20 

2.10 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.80 
2.50 
2.60 
2.50 
2.50 

2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.00 
2.80 
8.00 
4.00 
8.70 
8.20 
3.20 
8.60 

2.55 
2.50 
2.60 
2.65 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
8.10 
2.90 
2.80 
3.25 
3.10 
1 

17 

2.16 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.ao 

2.60 
2.50 
8.60 
8.90 
8.60 
8.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
Z80 
2.70 

8.50 
8.20 
8.10 
2.90 
2.80 
2.70 
2.60 
2.70 
2.  TO 
2.70 
2.70 
2.60 
2.55 
2.56 

2.90 

2.80 
2.80 
2.80 
2L80 

'      2 

18 

2.00 
2.10 
2.20 
2.00 
2.10 
2.00 
2.10 
2.05 
2.00 
2.00 
1.90 
1.95 
1.95 
1.90 

3 

19 

4 

20 

5 

21 

6 

22 

2.60 

7 ! 

23 

2.60    , 

8 

24 

2.66    1 

9 

25 

2.66     r 

10 1 

2f» 

2.66    ) 

11 

27 

2.70    , 

12 

28 

2.90    . 

13 1 

29 

S.20 

14 1 

80 

a.00    , 

IS...::::::::':::::: 

81 

3.00 

16 

BEAR  BIVEB  AT  BATTLECREEK,  IDAHO. 

This  river  has  its  source  on  the  northern  slope  of  the  Uinta  Moun- 
tains, in  the  northeastern  part  of  Utah.  Its  general  course  is  north- 
erly, entering  Wyoming  at  the  southwestern  corner  of  the  State,    li 
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shortly  afterwards  swings  back  into  Utah  again  and  then  reenters 
Wyoming.     After  its  junction  with  Smiths  Fork  it  swings  to  the 
westward  again,  leaves  Wyoming  for  the  last  time,  and  enters  Idaho. 
Twenty-eight  miles  below  the  outlet  of  Bear  Lake  the  river  makes 
a  sudden  bend  to  the  south,  and  its  course  is  thence  southerly,  reen- 
tering Utah  and  finally  discharging  its  waters  into  Great  Salt  Lake. 
There  are  a  number  of  reservoir  sites  in  its  upper  basin,  which  have 
not,  however,  been  examined  in  detail.      Considerable  irrigation  is 
practiced,  commencing  at  a  point  where  the  river  first  enters  Wyo- 
ming and  thence  extending  downstream  to  the  outlet  of  Bear  Lake. 
At  the  present  time  all  of  the  low- water  flow  is  thus  utilized,  result- 
ing in  a  scarcity  during  the   latter  part  of   the   in'igation   season. 
Bear  Lake  acts  as  a  regulator  to  the  discharge  of  the  portion  of 
the  river  below  it.     The  lake  itself  is  one  of  the  finest  natural  reser- 
voir sites  in  the  country  and  could  be  utilized  with  small  expense. 
That  it  has  not  been  utilized  before  this  is  due  to  the  abundant  water 
supply  of  the  lands  below.     The  agricultural  lands  in  Idaho  adjacent 
to  this  river  are  of  small  extent,  and  at  the  present  time  little  water  is 
diverted;  nor  does  it  receive  a  large  additional  supply  in  this  State, 
except  in  times  of  flood  discharges.     The  gaging  station  at  Battle- 
creek  was  established  on  October  11,  1889,  and  is  located  about  10 
miles  north  of  the  UtahJdaho  boundary  line.      The  measurements 
show  the  amount  of  water  of  this  river  available  for  irrigation  pur- 
poses in  Cache  Valley,  Utah.     The  gage  consisted  of  a  vertical  board 
nailed  to  a  pile.      This  was  carried  away  June  30,  1899,  but  was 
replaced  on  August  4  by  a  wire  and  weight,  readings  being  made 
on  a  horizontal  scale.     The  bench  mark  for  the  old  gage  is  described  in 
Water-Supply  Paper  No.  16,  page  157.     It  was  a  nail  in  the  southeast 
corner  of  a  house  near  the  gage,  about  1.6  feet  from   the  ground 
and  10.95  feet  above  gage  datum.     The  bench  mark  for  the  present 
gage  is  a  mark  of  black  paint  on  the  top  of  a  log  projecting  from 
the  southeast  comer  of  the  observer's  house,  about  2  feet  above  the 
surface  of  the  ground  and  11.118  feet  above  gage  datum.     The  station 
is  equipped  with  a  cable  and  car.     The  results  of  measurements  may 
be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  TV,  page 
315;  1897,   Nineteenth  Annual  Report,   Part  IV,   page  432;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  459.     The  following  meas- 
urements of  discharge  were  made  by  J.  S.  Baker  and  G.  L.  Swendsen 
during  1899: 

March  28,  gage  height,  1.75  feet;  discharge,  773  second-feet, 
^^y  B,  gage  height,  3.25  feet;  discharge,  2,376  second-feet. 
July  3,  gage  out;  discharge,  4,781  second-feet. 
August  4,  gage  height,  3.01  feet;  dischai^,  1,732  second-feet 
December  4,  gage  height,  2.21  feet;  discharge,  1,312  second-feet. 
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Daily  gage  heigJUj  in  feet,  of  Bear  River  at  Battlecreeky  Idaho^for  2899, 


Day. 

Jan. 

Feb. 

Mar. 

1.60 
1.60 
1.60 
1.60 
1.60 
L60 
1.60 
1.60 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.66 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 

Apr. 

May. 

June. 

Aug. 

* 

Sept 

2.10 
2.10 

Oct 

Nov. 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.80 
2.30 
2.80 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 

Dec 

1 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.60 
1.50 
1.60 
1.60 
1.60 
1.50 
1.60 
1.60 
1.60 

1.90 
1.90 
2.00 
2.00 
2.15 
2.15 
2.15 
2.25 
2.60 
2.85 
2.90 
8.10 
8.45 
8.55 
8.60 
8.60 
3.50 
3.40 
3.45 
3.30 
3.80 
3.30 
3.40 
8.40 
3.40 
3.45 
3.50 
8.60 
3.50 
3.60 

8.60 
8.60 
8.40 
8.40 
8.40 
8.30 
8.20 
8.20 
3.80 
8.40 
8.40 
8.60 
3.60 
3.60 
8.60 
8.60 
8.60 
8.70 
3.80 
3.80 
3.80 
3.80 
3.80 
8.80 
3.90 
3.90 
3.90 
3.90 
4.00 
4.00 
4.00 

4.10 
4.10 
4.10 
4.10 
4.10 
4.15 
4.20 
4.20 
4.20 
4.25 
4.80 
4.80 
4.30 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.  TO 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.80 
2.30 
2.80 
2.30 
2.90 
2.30 
2.80 
2.20 
2.20 
2.20 

1 
2.20    i 

2 

2.20    1 

8 

2.20    1 

4 

8.10 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.70 
2.  TO 
2.60 
2.60 
2.60 
2.60 
2.40 
2.80 
2.30 
2.80 
2.20 
2.20 
2.20 
2.20 
2.20 

"iio 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.20    1 

6 

2.10 

6 

2.10 

7 

2.00    ' 

8 

L90 
1.90 
1.80 
1.TO 
2.30 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1.90    1 

22 

1.90 

23 

1.90 

24 

1.90 

25 

1.90 

26 

1.90 

27 

1.90 

28 

1.90    , 

29 

1.90 

80 

1.90 

1 

Prom  June  29  to  August  4  no  readings;  gage  oat 


IXX>AN   RIYEB  AT  IiOOAN,  UTAH. 

This  river  rises  in  the  elevated  region  west  of  Bear  Lake  and  flows 
in  a  general  southwesterly  direction  until  it  enters  Cache  Valley, 
when  it  bends  northward  and  enters  Bear  River  before  this  stream 
reaches  its  lower  canyon.     Logan  River  has  a  good  water  supply,  and 
as  soon  as  it  appears  from  its  canyon  a  number  of  canals  divert  its 
waters  for  the  irrigation  of  a  large  portion  of  Cache  Valley.    The 
station  on  Logan  River  was  established  June  1, 1896,  and  is  located  in 
the  river  canyon  about  2  miles  east  of  Logan,  Utah.     One  gage  is 
a  vertical  iron  past,  set  firmly  in  the  middle  of  the  river's  bed  and 
graduated  to  feet  and  tenths.     A  second  gage  rod  is  a  wooden  post 
driven  into  the  ground  near  the  north  bank  of  the  river.     The  bench 
mark  for  both  rods  is  a  stone  35  feet  northeast  of  the  end  of  the  cable 
on  the  north  side  of  the  river,  and  is  at  an  elevation  of  14.01  feet 
above  gage  datum.     It  is  marked  by  a  cross  chiseled  on  the  rock  and 
by  the  letters  *'  B.  M."  in  red  paint.     The  equipment  consists  of  a  cable 
and  car.     The  results  of  measurements  may  be  found  as  follo^^s: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  816;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  434;  1898,  Twentieth  Annual  Report , 
Part  IV,   page  462.      The  following  discharge  measurements   i«rere 
made  by  J.  S.  Baker  and  G.  L.  Swendsen  during  1899: 
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Discharge  meaguremenis  of  Logan  River  al  Logauy  Utah, 

1899. 


!  h^eSf^t. 

Discharge. 

Date. 

Gage 
hei^t. 

Discharge. 

April  22 

FeeL 
8.10 
8.W 
8.67 
8.80 
4.65 

Secondrfeet. 
420 
628 
760 
981 
1,680 

Jxily8 

Fed. 
4.60 
3.52 
2.82 
2.76 

SeoondrfeeL 

1,626 

525 

328 

801 

May9 

Atignst  6 

May  15 

November  1 

May29 

December  2 

June  17 

Daily  gage  keightf  in  feet^  of  Logan  River  at  Logan,   Utah,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 

2.55 
2.60 
2.60 
2.45 
2.46 
2.45 
2.60 
2.55 
2.50 
2.60 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
2.50 
2.60 
2.40 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 

2.60 
2.60 
2.60 
2.86 
2.80 
2.80 
2.60 
2.50 
2.60 
2.60 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.46 
2.46 
2.45 
2.45 
2.45 
2.40 
2.36 
2.45 
2.45 
2.46 
2.46 
2.46 

2.60 
2.60 
2.45 
2.45 
2.46 
2.40 
2.45 
2.60 
2.50 
2.60 
2.46 
2.45 
2.46 
2.45 
2.46 
2.45 
2.45 
2.45 
2.45 
2.60 
2.60 
2.50 
2.60 
2.60 
2.66 
2.66 
2.60 
2.60 
2.60 
2.60 
2.65 

2.65 
2.66 
2.66 
2.56 
2.60 
2.60 
2.65 
2.65 
2.75 
2.85 
3.00 
3.00 
3.00 
3.05 
3.05 
3.05 
3.05 
3.00 
2.95 
2.95 
2.95 
3.10 
3.80 
3.40 
3.30 
3.25 
3.20 
3.10 
3.05 
3.10 

3.05 
3.00 
3.00 
3.00 
8.10 
3.15 
8.20 
3.30 
8.65 
3.60 
3.60 
3.80 
3.76 
3.70 
3.65 
3.55 
3.50 
3.60 
3.66 
3.70 
3.60 
3.60 
3.65 
8.65 
8.70 
8.75 
8.86 
8.75 
8.75 
8.80 
8.70 

8.70 
8.76 
3.80 
4.20 
4.45 
4.25 
4.15 
4.15 
4.20 
4.30 
4.50 
4.75 
4.65 
4.60 
4.45 
4.50 
4.65 
4.70 
4.90 
6.00 
4.85 
4.80 
4.75 
4.70 
4.70 
4.70 
4.66 
4.65 
4.70 
4.75 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

28 

26 

27 

28 

29 

80 

31 

4.75 
4.70 
4.65 
4.60 
4.60 
4.46 
4.40 
4.36 
4.30 
4.25 
4.20 
4.20 
4.15 
4.15 
4.10 
4.05 
4.00 
4.00 
8.96 
3.90 
3.85 
3.80 
3.80 
3.75 
3.76 
8.70 
3.70 
3.66 
3.65 
3.60 
3.55 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

8.65 

8.10 

2.90 

2.80 

2.76 

8.50 

8.10 

2.90 

2.80 

2.76 

8.60 

8.10 

2.90 

2.80 

2.75 

8.60 

8.06 

2.90 

2.80 

2.70 

8.60 

3.05 

2.90 

2.80 

2.76 

8.60 

3.06 

2.90 

2.80 

2.75 

H.60 

8.05 

8.90 

2.80 

2.76 

3.46 

8.05 

2.90 

2.80 

2.76 

3.40 

8.05 

2.90 

2.80 

2.76 

3.40 

8.05 

2.90 

2.80 

2.75 

3.85 

8.00 

2.90 

2.80 

2.75 

3.36 

3.00 

2.90 

2.80 

2.70 

3.35 

3.00 

2.90 

2.80 

2.70 

3.80 

3.00 

2.90 

2.80 

2.70 

3.30 

3.00 

2.90 

2.80 

2.70 

3.30 

3.00 

2.90 

2.80 

2.70 

8.25 

8.00 

2.90 

2.80 

2.70 

8.25 

3.00 

2.90 

2.75 

2.70 

3.20 

2.95 

2.90 

2.75 

2.65 

3.20 

2.95 

2.90 

2.76 

2.66 

3.20 

2.95 

2.90 

2.75 

2.60 

3.20 

2.96 

2.85 

2.75 

2.60 

8.15 

2.95 

2.86 

2.75 

2.75 

3.15 

2.95 

2.85 

2.75 

2.70 

3.15 

2.95 

2.85 

2.75 

2.70 

3.15 

2.95 

2.85 

2.76 

2.70 

3.10 

2.90 

2.85 

2.75 

2.70 

3.10 

2.90 

2.85 

2.75 

2.66 

8.10 

2.90 

2.85 

2.76 

2.70 

8.10 

2.90 

2.80 

2.76 

2,70 

8.10 

2.80 

2.70 

BEAR  RIVER  AT  COLLIN8TON,    UTAH. 

After  entering  the  northern  end  of  Cache  Valley  this  river  receives  a 
number  of  important  tributaries,  viz,  Cub  Creek,  Logan  River,  Black- 
smith Fork,  and  Little  Bear  River.     Below  the  mouth  of  Logan  River, 
Bear  River  has  cut  through  the  northern  extension  of  the  Wasatch 
Range,  forming  what  is  known  as  its  lower  canyon.     On  its  appearance 
from  this  it  turns  southerly  and  enters  Great  Salt  Lake.     A  large  canal 
was  in  process  of  construction  during  1899,  and  next  year  a  consider- 
able portion  of  the  summer  flow  of  Bear  River  will  be  diverted  by  it 
to  irrigate  lands  on  the  west  side  of  Cache  Valley.     One  of  the  most 
notable  irrigation  enterprises  of  the  country  diverts  water  from  Bear 
River  in  the  lower  canyon  and  irrigates  land  principally  to  the  west- 
ward of  Malade  River,  the  lowest  of  the  important  tributaries  of  Bear 
River.     The  gaging  station  at  Collinston  was  established  in  July,  1889, 
and  is  located  about  4  miles  from  the  railroad  station  at  Collinston,  2 
miles  east  of  the  town  of  Fielding,  Utah,  and  below  the  headworks  of 
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the  Bear  River  canal.  The  gage  consists  of  a  vertical  iron  rod  gradu- 
ated to  tenths  of  a  foot.  The  bench  mark  is  a  nail  in  an  oak  post  20 
feet  west  of  the  gage  and  20  feet  north  of  the  cable,  and  is  at  an  ele- 
vation of  7.35  feet  above  gage  datum.  The  equipment  consists  of 
a  cable,  tagged  wire,  and  a  boat.  The  observer  is  generally  the  ditch 
rider  of  the  Bear  River  Canal  Company,  who  has  a  house  near  the 
station.  The  results  of  measurements  may  be  found  as  follows :  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  320;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  435;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  460.  The  following  measurements  of  discharge  were 
made  during  1899 : 

^^7  5,  gage  height,  4  feet;  dlBchaiige,  4,438  second-feet 
June  23,  gage  height,  5.60  feet;  discharge,  6,653  second-feet. 
July  14,  gage  height,  4.61  feet;  discharge,  4,819  second-feet. 
November  29,  gage  height,  2.40  feet;  discharge,  2,083  second-feet 

Daily  gaffe  height,  in  feet,  of  Bear  River  at  CoUinslon,  Utah,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

6.60 
6.40 
5.50 
5.50 
6.40 
6.40 
6.40 
5.30 
6.20 
5.10 
5.00 
4.90 
4.80 
4-70 
4.60 
4.50 
4.40 
4.30 
4.20 
4.10 
4.00 
3.80 
3.70 
3.60 
3.60 
3.60 
3.40 
3.40 
3.30 
3.20 
3.10 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

1.30 
1.50 
1.60 
1.50 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 

1.90 
1.90 
1.90 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
1.60 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
2.00 

2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.10 
2.10 
2.20 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.50 
2.60 
2.50 
2.60 
2.60 
2.60 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.80 
2.90 
3.00 
3.60 
3.60 
3.80 
4.10 
4.60 
4.50 
4.50 
4.40 
4.20 
4.10 
4.10 
4.10 
4.20 
4.80 
4.40 
4.50 
4.50 
4.50 
4.50 
4.40 

4.40 
4.80 
4.20 
4.20 
4.20 
4.10 
4.10 
4.20 
4.10 
4.20 
4.40 
4.70 
4.80 
4.90 
6.10 
5.10 
5.20 
5.20 
5.00 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.80 
4.80 
4.90 
4.90 
4.90 
4.90 

4.90 
4.90 
4.90 
4.90 
4.90 
5.10 
5.80 
5.30 
5.30 
5.20 
5.20 
5.30 
5.40 
5.50 
6.60 
6.50 
5.60 
6.50 
5.40 
5.50 
5.60 
6.60 
6.60 
6.60 
5.60 
6.60 
6.60 
5.50 
6.60 
6.60 

3.00 
8.00 
2.90 
2.90 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.70 
2.60 
2.40 
2.40 
2.40 
2.80 
2.20 
2.20 
2.80 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.00 

2.00 
2.00 
1.90 
1.90 
2.00 
1.90 
1.80 
1.80 
1.60 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.90 
1.90 
1.90 
1.90 
2.00 
1.90 
LOO 
1.90 
1.90 
1.90 
1.80 
1.60 
1.70 
1.70 
1.70 

1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.20 
2.20 
2.80 
2.40 
2.30 
2.50 
2.50 
2.50 
2.50 
2.60 
2.40 
2.40 
2.50 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 

2.40 
2.30 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.40 
2.40 
2.50 
2.50 
2.50 
2.50 
2.50 
2.00 
2.90 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2. 20 
2.00 
L90 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
1.90 
2.00 
2.00 
1.90 
2.00 
2.10 
2.10 
2.20 
2.20 
2.20 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

a 

22 

23 

24 

26 

26 

27 

28 

S 

s....       

2.60 

2.60 

i    81 

1 



OGDEN  MVEB  AT  OGDEN,    UTAH. 

This  river  rises  in  the  high  land  to  the  east  of  the  Wasatch  Range  and 
flows  in  a  general  southerly  direction.  Passing  through  the  Wasatch 
Mountains  in  a  picturesque  canyon,  and  appearing  on  the  plains  in  the 
vicinity  of  Ogden,  it  shortly  enters  Weber  River,  and  thus  finds  its 
way  into  Great  Salt  Lake.  The  present  station  was  established  in  the 
spring  of  1897,  and  is  located  at  the  old  powder  mill  in  the  canyon,  5 
miles  east  of  Ogden  and  about  5  miles  below  the  headworks  of  the 
Pioneer  Electric  Power  CJompany;  therefore  the  results  do  not  show 
the  amount  of  water  used  by  that  company.     The  gage  is  inclined  aud 
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divided  into  tenths  of  a  foot.  On  June  22  the  dam  below  the  gage 
was  washed  out  and  the  daily  readings  were  not  continued  after  that 
date.  On  June  30, 1899,  the  gage  itself  was  carried  away,  but  was 
reestablished  on  August  26.  The  bench  mark  of  the  new  gage  is  the 
top  of  a  large  quartzite  bowlder  on  the  south  side  of  the  wagon  road, 
about  60  feet  southwest  of  the  south  end  of  the  cable,  and  is  at  an  ele- 
vation of  12.642  feet  above  gage  datum.  The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  321;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  437;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  465.  The  following  meas- 
urements of  discharge  were  made  by  W.  B.  Dougall  and  J.  S.  Baker 

in  1899: 

May  2,  gage  height,  1.70  feet;  dischaigei  1,008  second-feet* 
^^y  ^f  &^  height,  1.25  feet;  dischani^,  833  second-feet. 
June  30,  gage  out;  discharge,  3d6  second-feet. 
July  12,  gage  height,  2.38  feet;  discharge,  221  second-feet. 
August  26,  gage  height,  1.25  feet;  discharge,  72  second-feet 

DaUy  gage  height^  in  feet,  of  Ogden  River  at  Ogden,  Utah,  for  1899. 


1   nay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Day. 
17 

Jan. 
1.60 

Feb. 
1.60 

Mar. 

Apr. 

May. 

June. 

1 

1.... 

1.40 

1.60 

2.60 

3.80 

1.90 

1.40 

2.00 

3.10 

2.60 

1.40 

2.... 

1.90 

1.70 

2.40 

8.80 

1.80 

2.60 

18 

1.70 

1.70 

2.20 

8.00 

2.60 

1.10 

8.... 

1.60 

1.70 

2.10 

3.50 

1.70 

2.40 

19 

1.60 

1.80 

2.80 

2.70 

2.60 

1. 00 

4.... 

1.60 

1.60 

2.00 

3.60 

1.50 

2.70 

20 

1.60 

1.80 

2.40 

2.40 

2.70 

.80 

5.... 

1.50 

1.60 

2.10 

3.80 

1.50 

2.80 

21 

1.60 

1.90 

2.60 

2.80 

2.40 

.70    1 

1      6.... 

1.66 

1.40 

2.00 

4.10 

1.90 

2.60 

22 

1.70 

1.90 

2.60 

2.80 

2.60 

7.... 

1.60 

1.40 

2.00 

4.10 

2.10 

2.40 

28 

1.70 

1.80 

2.60 

3.00 

2.60 

8.... 

1.60 

1.40 

2.00 

4.60 

2.80 

2.20 

24 

1.60 

1.80 

3.70 

3.60 

2.80 

9.... 

1.60 

1.40 

2.00 

4.60 

3.20 

2.20 

25 

1.70 

1.80 

4.10 

3.60 

2.60 

10.... 

1.60 

1.40 

2.10 

4.90 

3.30 

2.30 

26 

1.70 

1.80 

4.80 

3.10 

2.60 

U.... 

1.60 

1.60 

1.90 

4.70 

3.50 

2.30 

27 

1.70 

1.80 

3.90     2.80 

2.40 

12.... 

1.60 

1.60 

2.10 

4.00 

3.60 

2.70 

28 

1.70 

1.90 

3.70 

2.60 

2.20 

18. ... 

1.60 

1.60 

2.10 

4.25 

3.60 

2.60 

29 

1.80 

3.56 

2.80 

2.00 

14.... 

1.40 

1.60 

2.10 

4.00 

3.50 

2.40 

30 

1.70 

8.55 

2.10 

1.70 

16.... 

1.70 

1.50 

2.00 

3.40 

2.90 

1.80 

31 

1.70 

3.50 

1.60 

16.... 

1.70 

L50 

2.00 

3.40 

2.60 

1.20 

1 

Dam  below  washed  out  June  22. 


WEBER  BIVEB  AT  UINTA,   UTAH. 


This  river,  like  Ogden  River,  rises  in  the  high  country  east  of  the 
Wasatch  Mountains,  passes  through  this  range,  and  appeal's  in  the 
plains  region  in  the  vicinity  of  Ogden,  where,  after  it  receives  the 
waters  of  Ogden  River,  it  discharges  into  Great  Salt  Lake.  There  are 
a  number  of  good  reservoir  sites  on  its  upper  tributaries,  and  within 
the  last  few  years  some  of  them  have  been  utilized  by  the  construction 
of  notable  storage  works.  The  gaging  station,  established  in  October, 
1899,  is  located  in  the  canyon  5  miles  east  of  Uinta,  on  the  Union 
Pacific  Railroad,  immediately  above  the  narrows  known  as  Devils 
Grate.  The  gage  is  vertical,  and  is  supported  from  above  by  a  pro- 
jecting timber  placed  out  of  reach  of  high  water.  The  bench  mark 
consists  of  a  spike  driven  into  the  first  telegraph  pole  in  the  canyon 
above  the  gage,  and  is  at  an  elevation  of  17.44  feet  above  gage 


At  old  powder-mill  dam. 
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datum.  The  equipment  consists  of  a  cable,  car,  and  tagged  wire.  The 
results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  lY,  page  324;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  440;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
466.  The  following  measurements  of  discharge  were  made  by  W.  B. 
Dougall  and  J.  S.  Baker  during  1899: 

^^y  ^t  &^  height,  3.20  feet;  dischai^ge,  1,857  second-feet 
May  6,  gage  height,  3.30  feet;  discharge,  1,969  second-feet 
July  1,  gage  height,  4.10  feet;  discharge,  2,582  second-feet 
July  10,  gage  height,  2.80  feet;  discharge,  1,284  second-feet 

Iknly  gage  height,  in  feet,  of  Weber  Rwer  at  Uinta,  Utah,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Axig. 

SepC 

Oet 

1 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
•  1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
2.10 
2.50 
8.15 
8.10 
2.85 
2.80 
2.80 
2.80 
2.80 

2.80 
2.80 
2.80 
3.05 
S.90 
3.60 
3.60 
3.75 
8.90 
4.15 
4.85 
5.00 
5.10 
5.15 
4.95 
4.80 
4.75 
4.60 
4.00 
3.50 
3.40 
3.40 
4.80 
5.16 
5.35 
5.00 
4.30 
4.30 
4.80 
4.45 

4.60 
4.75 
5.00 
5.15 
5.50 
5.75 
5.76 
5.55 
5.55 
5.90 
6.90 
6.60 
6.35 
5.90 
5.60 
6.05 
4.65 
4.40 
4.30 
4.80 
4.55 
4.70 
4.85 
4.80 
5.16 
5.30 
5.25 
4.95 
4.65 
4.60 
4.60 

4.60 
4.76 
4.80 
5.06 
6.25 
5.50 
5.80 
5.80 
5.80 
5.85 
6.96 
6.25 
6.80 
5.65 
6.36 
5.25 
5.40 
6.50 
6.80 
6.15 
6.30 
5.90 
6.15 
4.80 
4.66 
4.60 
4.35 
4.35 
4.20 
4.20 

4.10 
4.00 
8.65 
8.60 
8.50 
3.80 
8.20 
8.00 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.45 
2.30 
2.30 
2.30 
2.20 
2.00 
2.00 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
l.W 

1.60 

1.60 

1.60 

1.60 

1.50 

L60 

1.50 

1.60 

1.60 

1.60 

1.60 

1.50 

1.60 

1.60 

1.50 

1.60 

1.60 

1.60 

1.50 

1.60 

l.SO 

1.50 

1.50 

1.50 

1.50 

1.50  . 

1.50  , 

1.50  ' 

1.50  t 

1.50  1 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
L60 
1.60 
1.60 

2 

8 

4 

6 

6 

7 

8 

9 

10 

1.66    1 

11 

1.70 

12 

1.75 

18 

1.80    1 

14 

1.80 

16 

1.80 

16 

17 

18 

........ 

1 

f9 

20 

21 

1 

22 

.  .   . . .  1 

28 

24 

i 

25 

1 

26 

1 

27 

28 

29 

80 

81 

"'"'""I 

1" ; 

Station  discontinned  October  15. 


PROVO  RIVER  AT  PROVO,   UTAH. 


This  river  rises  on  the  western  slope  of  the  Uinta  Mountains  and 
after  receiving  a  number  of  tributaries  enters  what  is  known  as  Heber 
Valley,  where  considerable  irrigation  is  practiced.  After  crossing 
this  valley  it  passes  through  the  Wasatch  Mountains  in  a  picturesque 
canyon,  finally  entering  Utah  Valley,  where  its  summer  flow  is  com- 
pletely diverted  for  irrigation  purposes.  Its  flood  waters  discharge 
into  Utah  Lake.  The  gaging  station,  established  July  27,  1889,  is 
located  in  the  canyon,  about  6  miles  from  Provo  and  above  the  head 
of  most  of  the  irrigation  canals  of  Utah  Valley.  The  diversion  works 
of  the  company  which  develop  power  at  the  mouth  of  Provo  Canyon 
for  electric  transmission  to  the  mines  west  of  Provo,  are  located  about  5 
miles  above  the  station.  The  gage  is  inclined  and  fastened  to  stakes 
set  io  the  ground.    The  bench  mark  is  a  stone  firmly  bedded  in  the 
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bank  near  the  wa^on  road,  about  100  feet  southwest  of  the  gage.  It 
is  marked  ^^B.  M."  in  black  paint,  and  is  6.95  feet  above  gage  datum. 
The  channel  is  straight  for  some  distance  above  and  below  the  station. 
The  bed  of  the  river  is  gravel  and  not  liable  to  change.  The  equip- 
ment consists  of  a  cable,  car,  and  tagged  wire.  The  results  of  meas- 
urements may  be  found  as  follows:  1896,  Eighteenth  Annual  Report, 
Part  IV,  page  226;  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
442;  1898,  Twentieth  Annual  Report,  Part  IV,  page  468.  The  follow- 
ing measurements  of  discharge  were  made  by  W.  B.  Dougall  and  J.  S. 
Baker  in  1899 : 

^<^y  ^t  gAge  height,  4.70  feet;  discharge,  496  second-feet. 
June  29,  gage  height,  6.70  feet;  discharge,  1,745  second-feet. 
July  13,  gage  height,  5.22  feet;  discharge,  535  second-feet. 
August  16,  gage  height,  4.69  feet;  discharge,  340  second-feet 
September  4,  gage  height,  4.60  feet;  discharge,  352  second-feet  ; 

Daily  gage  height^  infeet^  of  Provo  Eiver  at  ProvOy  IMk,  for  1899. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 


4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 


Feb. 


4.20 
4.20 
4.20 
4.20 
4.00 
4.00 
4.00 
4.00 
4.00 
8.90 
8.90 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 


Mar. 


4.30 
4.80 
4.80 
4.80 
4.30 
4.80 
4.80 
4.80 
4.80 
4.80 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.50 
4.80 
5.00 
5.00 
5.00 
5.00 
5.80 
5.80 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 


Apr. 


4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.90 
4.90 
5.00 
5.00 
5.00 
5.10 
5.10 
5.10 
5.10 
5.10 
5.20 
5.20 
5.30 
5.30 
5.30 
5.80 
5.80 
5.80 
5.20 
5.20 
5.20 
5.20 


May. 


5.20 
5.20 
5.20 
5.20 
5.20 
5.20 
4.80 
4.90 
5.00 
5.80 
5.40 
6.70 
5.70 
5.70 
5.70 
5.60 
5.50 
5.60 
5.50 
6.60 
5.^ 
5.80 
5.80 
5.30 
5.60 
5.80 
5.80 
5.80 
5.80 
5.80 
5.80 


June. 


5.80 
6.80 
5.80 
6.20 
6.40 
6.70 
6.70 
6.80 
6.80 
6.90 
7.10 
7.10 
7.10 
7.20 
7.20 
7.20 
7.20 
7.60 
7.70 
7.80 
7.90 
8.00 
7.60 
7.60 
7.40 
7.40 
7.20 
7.10 
6.70 
6.60 


July. 


6.50 
6.90 
6.30 
6.20 
6.10 
5.90 
5.70 
5.60 
5.60 
5.40 
6.80 
6.20 
5.20 
5.20 
5.20 
5.10 
5.10 
5.10 
5.00 
6.00 
6.00 
5.00 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.60 
4.60 


Aug. 


4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 


Sept. 


4.60 
4.60 
4.60 
4.60 
4.  GO 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 

(a) 
(o) 
(a) 
(a) 
(a) 
(a) 


Oct 


4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 


a  No  readlnsr.       Station  discontinued  October  21. 


UTAH  LAKE. 


This  fresh-water  lake  receives  the  surplus  waters  and  seepage  of  a 
number  of  streams  that  receive  their  water  supply  from  the  Wasatch 
Mountains,  the  principal  ones  being  Currant  Creek,  Spanish  Fork, 
Hobble  Creek,  Frovo  River,  and  American  Fork.  The  ordinary  flow 
of  these  streams  is  diverted,  on  their  appearance  from  their  canyons, 
to  irrigate  the  lands  of  Utah  Valley.  A  gaging  station  has  been 
maintained  on  Provo  River,  as  described  on  page  338  of  this  report. 
A  number  of  miscellaneous  measurements  were  made  during  1899  on 
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the  other  tributaries  as  well  as  on  the  canals  diverting  water  from  the 
same  during  the  last  season.  On  May  11  Spanish  Fork,  at  the  second 
bridge  in  the  canyon,  was  discharging  679  second-feet;  May  10,  Hobble 
Creek,  at  the  second  bridge  in  the  canyon,  above  Springville,  was  dis- 
charging 244  second-feet;  American  Fork,  on  May  9,  was  canyiag 
106  second-feet,  with  a  gage  height  of  0.1  foot,  on  a  teaqmrwy  gage 
established  that  day.  The  following  table  flhows  ihe  discharge  of  a 
number  of  canals  in  Utah  County  w  dcntermined  by  J.  S.  Baker: 

IHackarge  of  cancds  in  UUih  County,  Utah. 

1899. 


June 
Aug. 
Aug. 
Aug. 

Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 

Aug. 

Aug. 

Aug. 
Aug. 
Aug. 
Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 
Aug. 
Aug. 

Aug. 
Aug. 
Aug. 
Aug. 
Aug. 


22 
16 
16 
17 

17 
17 
17 
17 
17 
17 

17 

17 

18 
18 
18 
18 

18 

18 

21 

21 

21 

21 

21 
21 
21 

21 
21 
21 
22 
22 


Aug.    22 


Boxelder  Creek 

Timpanogas  canal. . . 

Timpanogafl  canal . . . 

Little  Dry  Creek  ca- 
nal. 

Tanner's  race 

Lake  Bottom  canal . . 

West  Union  canal . . . 

Provo  Bench  canal. . 

Provo  Bench  canal . . 

Park     &    KuttalPs 
ditch. 

Upper  East  Union 
canal. 

Upper  East  Union 
canal. 

City  race 

Factory  race 

East  Union  canal . . . 

Bomb    &   Richard- 
son's canal. 

Stubbs  <&  Furgeson's 
canal. 

Richmond  &  Pen- 
rod's  canal. 

Mapleton  Union  ca- 
nal. 

Mapleton  Union  ca-  j 
nal. 

Mapleton  reservoir 
canal. 

Mapleton  reservoir 
canal. 

North  Bench  canal. . 

North  Bench  canal. . 

Island  canal 


I 


Sage  Creek  canal 

South  Big  Field  ditch 

aty  ditch 

City  canal 

Salem  Irrigation 
Company's  canal. 
South  Field  Irriga- 
tion    Company's 
canal. 


Source. 


Discharge. 


Sec, 'feet. 

Mountain  spri  ngn . . '  31 .  46 

Provo  River I  10. 40 

Provo  River '  7.84 

Provo  River i  4.64 

I 

Provo  River 16. 94 

Provo  River '  7.14 

Provo  River 56.08 

Provo  River i  53.65 

Provo  River '  57.96 

Provo  River 11. 84 

Provo  River '  28.27 

Provo  River 27.52 

Provo  River 12.40 

Provo  River I  51. 44 

Provo  River 18.22 


Remarks. 


9,500  feet  below 
last  measure- 
ment. 


It  miles  above 
last  measure- 
ment. 


i  mile  below  last 
measurement 


Provo  River 


1.00  I  Estimated. 


Provo  River 5. 00  |  By  floats. 

Piovo  River 4. 00  [  Estimated. 

Hobble  Creek 19.11 


Hobble  Creek 

Hobble  Creek 

Hobble  C^reek 

Hobble  Creek. 
Hobble  Creek. 
Hobble  Creek. 

Hobble  Creek. 
Hobble  Creek. 
Hobble  Creek. 
Spanish  Fork 


17. 95  '  I  mile  above  last 
measurement 
3.09 


2.73 

8.35 
8.39 
4.02 

5.96 

5.52 

2.21 

38.51 


One-half  mUe 
above  last 
meaaurament 

Three-fourths 
mile  below  last 
meaaorement 


Spanish  Fork !    22.05 

Spanish  Fork 37.39 


J 
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DiMharge  of  canals  in  Utah  County,  Utah — Continued. 

1899~-Coiitixiued. 


Date. 


'    Aug. 

22 

Aug. 

22 

Aug. 

22 

Aug. 

23 

Aug, 

23 

Aug. 

25 

Aug. 

25 

Aug. 

25 

Stream. 


East  Bench  canal . . . 
Lake  Shore  canal . . . 
Salem  Pond  canal . . . 

Summit  Creek 

Spring  Lake  Creek. . 
American  Fork  ca- 
nal. 

Lehi  canal 

Pleasant  Grove  canal 


Source. 


Spanish  Fork 

Spanish  Fork 

Low  springs 

Mountain  springs. . 

Low  springs 

American  Fork 


American  Fork. 


Discha^e, 


Remarks. 


Sec-feet. 
28.19 
12.43 

4.99 
14.64 

2.89 
28.85 

17.82 
10.71 


Note.— All  measurements  were  made  by  current  meter  unless  otherwise  stated. 

A  station  has  been  maintained  on  Utah  Lake  at  Geneva,  wnere 
has  been  recorded  the  rise  and  fall  of  the  water  surface  since  Novem- 
ber 6,  1896.  The  gage  consists  of  a  vertical  rod  attached  to  one 
end  of  a  bath  house  at  that  point.  The  bench  mark  of  the  lake 
commissioners,  a  sandstone  monimient  at  the  edge  of  the  blufF  oppo- 
site the  south  end  of  the  pavilion,  is  18.644  feet  above  gage  datum, 
which  was  placed  4  feet  below  compromise  point.  The  results  of 
observations  at  this  station  will  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  330;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  443;  1898,  Twentieth  Annual  Report,  Part  IV,  page  467. 

Daily  gage  height,  in  feet j  of  Utah  Lake  at  Geneva,  Utah,  for  1899, 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

0.60 

0.80 

1.60 

1.70 

2 

0.60 

1      8 

1.80 

2.26 

!   J:::::::::::::.:.::.. 

.66 

.86 

1.60 

1.06 

6 

1.70 

2.00 

1.60 

a 

.66 

.90 

1.86 

1.55 

.96 

"'."36'" 

7 

1.50 

8 

1.35 

1.60 

1.85 

2.15 

9 

.60 

.95 

1.00 
"  *.*96' 

'".'io" 

10 

1.35 

1.60 

1.90 

2.10 

1.66 

11 

.60 

1.00 

12 

2.10 

'T56' 

18 

.66 

1.00 

1.40 

1.66 

14 

2.00 

'  '2.06* 

L40 

.90 

.20 

'     15 

.70 

"i.'oo" 

1.46 

1     16 

.80 

17                            . 

1.40 

2.10 

1.90 

1.40 

^  m:::::::::::::. ..:::: 

.70 

1.05 

.80 

■     19 

2.20 

i.ao 

1     20 

1.05 

1.40 

1.55 

S:::::.: :: 

2.15 

"Tso* 

1.26 

22 

1.45 

1.60 

28 

1.05 

.76 

24 

1.45 

1.60 

1.80 

1.20 

26 

.70 

.70 

26 

2.20 

1.16 

27 

.76 

1.50 

1.70 

.70 

1 

28 

1.10 

29 

1.25 

1.50 

1.65 

"'2.*26" 

1.75 

30 

.66 

81 

1.30 

'**i.*66 

1.10 

1 

Station  discontinued  October  14. 
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JORDAN   RIVER. 

Utah  Lake  discharges  toward  the  north  through  Jordan  River,  which 
empties  into  Great  Salt  Lake.  A  number  of  large  canals  divert  the 
waters  of  this  stream  and  supply  lands  in  Salt  Lake  County,  one  of 
them  taking  water  to  Salt  Lake  City.  Measurements  of  the  flow  of 
Jordan  River  and  the  amount  diverted  into  the  canals  have  not  been 
made  systematically,  owing  largely  to  conservatism  or  distrust.  When 
the  hydrographic  investigations  were  begun  in  1889,  an  attempt  wa^ 
made  on  behalf  of  the  Geological  Survey  to  secure  cooperation,  or  at 
least  the  sympathy  of  the  persons  interested,  but  there  appeared  to  be 
a  sentiment  against  obtaining  records  of  this  character,  due  possibly  to 
the  fear  that  private  interests  might  be  injured.  There  was  a  tacit 
agreement  at  least  that  it  was  better  not  to  meddle  with  the  systems  in 
vogue.  Even  ten  years  later,  when  attempts  were  made  by  the  city 
engineer  to  obtain  weir  measurements  of  the  canals,  these  were  opposed 
and  the  weirs  destroyed.  The  conditions,  however,  have  become  so 
onerous  that  a  private  corporation  has  taken  upon  itself  the  measure- 
ment of  the  river,  systematic  observations  being  begun  in  May,  1899. 

The  plant  of  the  Salt  Lake  City  Water  and  Electrical  Power  Com- 
pany was  completed  in  1899,  and  is  developing  electric  power  which 
is  used  in  the  mining  camps  of  Bingham  and  Mercur,  Utah.  The  plant 
is  located  on  Jordan  River,  about  20  miles  south  of  Salt  Lake  City  and 
9  miles  below  the  outlet  of  Utah  Lake.  This  water-power  company 
has  been  keeping  a  record  of  the  discharge  of  Jordan  River  and  of  the 
various  canals  diverting  water  immediately  above,  but  on  account  of 
pending  lawsuits  the  data  are  not  at  present  available.  The  water 
necessary  to  develop  the  power  of  this  plant  is  diverted  from  Utah 
and  Salt  Lake  canal,  which  heads  about  2  miles  above  the  plant,  at  what 
is  known  as  the  Point  of  the  Mountain.  It  is  taken  from  the  west 
side  of  the  river,  at  the  same  diversion  point  where  the  East  Jordan 
canal  diverts  water  to  the  east  side.  When  the  power  house  is  reached, 
an  elevation  of  about  73  feet  above  the  river  has  been  attained  by  both 
canals,  and  this  is  the  fall  that  is  at  present  utilized.  Halfway  between 
the  above-described  dam  and  the  power  house  there  is  a  second  dam 
across  the  river,  from  which  two  canals  divert  water — ^the  City  canal 
on  the  east  side  and  the  South  Jordan  canal  on  the  west  side.  At  tb^ 
power  plant,  1  mile  below,  these  two  canals  have  attained  elevation- 
of  about  20  feet  above  the  river.  On  December  6,  1899,  measure- 
ments of  the  discharge  of  these  canals,  as  well  as  of  Jordan  River,  were 
made  by  Cyrus  C.  Babb  at  the  gaging  stations  of  the  Salt  L&ke  City 
Water  and  Electrical  Power  Company.  Utah  and  Salt  Lake  cans! 
below  the  power  company's  diversion,  at  a  gage  height  of  2.40  feet 
was  discharging  27  second-feet;  Utah  and  Salt  Lake  canal,  ahovo  th- 
power  company's  diversion,  at  a  gage  height  of  4.13  feet,  was  di- 
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charging  80  second-feet;  the  South  Jordan  canal,  at  a  gage  height  of 
2.33  feet,  was  discharging  19  second-feet;  Jordan  canal,  at  a  gage 
height  of  4.15  feet,  was  carrying  111  second-feet;  City  canal,  at  a  gage 
height  of  3.20  feet,  was  discharging  45  second-feet;  Ekist  Jordan  canal, 
with  a  gage  height  of  1.02  feet,  was  discharging  6  second-feet.  A 
measurement  was  also  made  of  the  tailrace  of  the  power  plant,  in  order 
to  compare  it  with  the  difference  in  the  two  measurements  of  Utah  and 
Salt  Lake  canal,  and  a  discharge  of  56  second-feet  was  found. 

The  city  engineer  of  Salt  Lake  City,  Mr.  Frank  C.  Kelsey,  has  been 
keeping  a  record  of  the  discharge  of  various  small  streams  in  the 
vicinity  of  Salt  Lake  City,  in  connection  with  the  city  water  supply. 
The  following  are  the  creeks,  with  the  drainage  areas  in  their  respective 
canyons:  Little  Cottonwood  Creek,  27.72  square  miles;  Big  Cotton- 
wood Creek,  48.47  square  miles;  Mill  Creek,  21.29  square  miles;  Par- 
leys Creek,  50.14  square  miles;  Emigration  Creek,  18.92  square  miles; 
Red  Butte  Creek,  11.59  square  miles;  City  Creek,  19.15  square  miles. 

On  Little  Cottonwood  Creek  measurements  are  taken  twice  a  day 
of  the  height  of  water  passing  over  a  Cippoletti  weir  18  feet  long. 
The  record  is  from  November  11, 1898,  to  May  20, 1899.  At  this  latter 
date  the  weir  was  washed  out  by  a  flood  and  funds  could  not  be  pro- 
cured to  replace  it. 

The  station  on  Big  Cottonwood  Creek  is  placed  below  the  Utah 
Power  Company's  building.  A  record  was  commenced  on  October 
30,  1898,  the  measurements  being  taken  over  a  rectangular  weir  16 
feet  long. 

The  measurements  on  Mill  Creek  were  started  September  8,  1898, 
and  are  made  over  a  Cippoletti  weir  placed  in  the  canyon.  April  10, 
1899,  this  weir  was  removed  by  the  water  master  of  the  district,  but 
waj9  replaced  on  the  30th  of  the  same  month. 

There  is  an  interesting  double  Cippoletti  weir  on  Parleys  Creek, 
which  is  so  controlled  that  the  entire  weir  can  be  Ufted,  allowing  the 
gravel  and  deposit  from  above  to  be  washed  out  from  time  to  time. 
The  records  from  this  point  are  fragmentary  and  were  not  obtained 
by  this  ofBce. 

Jkaly  mean  dMchargej  in  second-feet^  of  LitUe  Cottonwood  Creek  near  Salt  Lake  C%,  Vlah, 

far  1898. 


[Dialna^  area,  27.72 

square  miles.] 

Day. 

Nov. 

Dec. 

1 
Day. 

Nov. 

Dec. 

Day. 

Nov. 

X^^Va 

Day. 

Nov. 

Dec 

• 

Day. 

Nov. 

Dec. 

1... 

14 
18 
10 
10 
18 
11 
11 

8... 

12 
11 
12 
18 
18 
18 

14... 
16... 
16... 
17... 
18... 
19... 

18 
18 
11 
11 
11 
11 

14 
12 
11 
12 
12 
12 

20... 
21... 
22... 
28... 
24... 
26... 

12 
10 
11 
14 
14 
9 

12 
11 
10 
11 
18 
12 

26... 
27... 
28... 
29... 
80... 
81... 

10 
18 
14 
16 
14 

12 
12 
13 
12 
11 
12 

2... 

9... 

8... 

10... 

4    . 
6  .. 

11... 
12... 
18... 

12 
12 
13 

6  -. 

7  .. 
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Daily  mean  dwJiargey  in  secondrfeet,  of  Utile  CotUmwood  Creek  near  Salt  Lake  C%,  OoA. 

for  1899. 


Day. 


Jan.  I  Feb.  i  Mar.  Apr. 


May. 


Day. 


Jan. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


12 
12 
12 
12 
13 
12 
18 
14 
12 
12 
12 
12 
12 
12 
12 
11 


12 
12 
11 
10 

9 

9 
11 
12 

9 

9 

11  I 
11 
18 
12 
12 
12 


13 
12 
11 
10 
10 
13 
12 
12 
13 
12 
12 
12 
12 
12 
12 
12 


13 
14 
13 
14 
14 
13 
14 
15 
18 
23 
30 
84 
41 
41 
46 
61 


52 

48 

46 

44 

44 

48 

47 

53 

65 

72 

92 

119 

146 

149 

135 

120 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
SO. 
31. 


10 
12 
13 
13 
12 
12 
11 
12 
12 
12 
12 
12 
12 
12 
12 


12 
12 
12 
12 
12 
11 
12 
12 
12 
12 
12 
12 


Mtf. 


13 
13 
18 
13 
13 
12 
13 
13 
14 
14 
IB 
13 
IS 
13 
IS 


Apr.    May. 


50 
58 
50 
46 
48 
51 
64 
64 
61 
63 
61 
55 
82 
51 


121 
121 
13) 
120 


May  21  weir  washed  out  and  not  replaced. 

Daily  mean  dincharge,  in  second-feetj  of  Big  OoUomvood  Creek  near  Sah  Lake  City,  UaK 

for  1898. 
[Drainage  area,  48.47  square  miles.] 


Day 


1. 
2. 
8. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
U. 


Oct. 


Nov. 


84 
34 
86 
86 
85 
85 
84 
85 
27 
80 
82 


Dec. 


86 
86 
80 
80 
83 
82 
81 
29 
81 
29 
26 


Day. 

Oct. 

12 

18 

14 

15 

16 

17 

18 i 

19 

20 

21 

Nov. 

Dec. 

81 

26 

88 

80 

82 

80 

82 

21 

88 

21 

81 

22 

84 

21 

88 

20 

8(» 

21 

82 

19 

Day. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


Oct 


S4 
SS 


Not.  '  Dec 


35.  19 

y  I  16 
SI'  19 
81  I  1^ 
81  21 
83 
87 
86 


DaHy  mean  diachargty  in  second-feety  of  Big  Cottonwood  Creek  near  Salt  Lake  Cdy,  l^ 

for  1899. 


1 

Day. 

Jan. 

Feb. 

25 
26 
21 
18 
12 
12 
13 
19 
9 
34 
29 
27 
26 
28 
27 
27 
29 
28 
27 
27 
28 
26 
27 
27 
26 
25 
26 
26 

Mar. 

Apr. 

May. 

78 
74 
68 
67 
68 
77 
98 
108 
141 
154 
180 
281 
263 
260 
286 
217 
212 
214 
215 
216 
188 
178 
183 
228 
268 
254 
266 
240 
225 
211 
196 

June. 

211 

220 

237 

320  ' 

835 

826 

826 

885 

877 

407 

560 

682 

593 

481 

472 

479 

494 

628 

661 

587 

887 

801 

276 

267 

278 

254 

244 

244 

246 

246 

July. 

Aug. 

1 

26 
28 
26 
27 
25 
28 
29 
82 
37 
30 
31 
29 
30 
29 
31 
30 
31 
82 
30 
81 
29 
81 
82 
89 
48 
44 
40 
37 
35 
85 
86 

86 

36 

85 

85 

42 

43 

47 

63 

68 

83 

114 

102 

136 

127 

180 

140 

134 

130 

106 

92 

87 

112 

180 

160 

147 

185 

121 

108 

89 

88 

240      n 

2 

218       ff 

8 

201        '0 

4 

203       > 

5 

207        Tl 

6 

202       > 

7 

182       7? 

8 

174       65 

9 

170'      S 

10 

168       fl 

11 

157       fl 

12 

165       » 

13 

154  1     5 

14 

147       » 

15 

22 
21 
26 
25 
25 
24 
25 
26 
24 
25 
25 
25 
25 
29 
25 
26 
26 

!«,     ?« 

16 

137       K 

17 

128  

18 

121  

19 

U7  i 

20 * 

115 
112 
105 

21 



22 

23 

86  

24 

94  

25 

90  

26 

88  1 

27 

85 

28 

84, 

29 

fO  

80 

82' 

81 

76 

...•••" 

UTAH. 
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DctUy  mean  diatharge,  intecond-fed^  of  MUl  Creek  near  fkdt  Ijdke  CUy,  UtaJi,  for  189S. 

[Drainage  area,  21.29  Hqoare  miles.] 


Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

Day. 

14... 
16... 
16... 
17... 
18... 
19... 

Nov. 

1 
Dec. 

10 
18 
18 
18 
18 
18 

jDay. 

Nov. 

Dec. 

Day. 

26... 
27... 
28... 
29... 
80... 
81... 

Nov. 

Dec. 

1... 

14 

18 

9 

9 

18 

10 

6 

8... 

.  8 
8 
8 
3 
8 
3 

14 
12 
18 
IS 
18 
12 

20... 
21... 
22... 
28... 
24... 
26... 

11 
10 
14 
14 
12 
11 

13 
14 
18 
12 
18 
18 

10 
18 
14 
14 
14 

12 

2... 

9... 

13 

8... 

10... 

13 

4... 

11... 
12... 
18... 

14 
18 
14 

12 
11 
12 

6.. . 

6... 

7... 

Daily  mean  ditcharqe,  in  itewndrfeel,  of  Mill  Creek  near  Salt  Lake  CUy,  IMah,  for  J899. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
U. 
12. 
18. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
26. 
26. 
27. 
28. 
29. 
80. 
81. 


Day 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aog. 

12 

12 

12 

12 

24 

36 

36 

20 

12 

12 

12 

18 

26 

88 

34 

20 

18 

12 

12 

18 

26 

41 

82 

20 

12 

6 

12 

18 

24 

46 

82 

20 

12 

8 

12 

14 

28 

60 

32 

19 

12 

8 

12 

16 

25 

61 

80 

19 

12 

8 

12 

16 

27 

46 

80 

19 

12 

7 

12 

22 

81 

68 

27 

19 

12 

8 

18 

22 

86 

66 

27 

19 

12 

12 

12 

31 

66 

27 

18 

12 

12 

12 

39 

67 

27 

18 

12 

12 

12 

48 

60 

25 

18 

12 

12 

12 

47 

66 

26 

18 

12 

12 

12 

47 

66 

26 

18 

12 

12 

12 

42 

62 

26 

18 

12 

12 

12 

40 

59 

26 

18 

12 

12 

12 

88 

66 

26 

18 

12 

12 

12 

40 

60 

26 

18 

12 

12 

12 

40 

66 

26 

18 

12 

12 

12 

36 

66 

26 

18 

12 

12 

12 

32 

56 

26 

18 

12 

12 

12 

88 

48 

22 

18 

8 

12 

12 

86 

46 

22 

18 

12 

12 

12 

87 

46 

22 

17 

12 

12 

14 

87 

41 

22 

17 

12 

12 

16 

41 

40 

22 

17 

12 

12 

14 

42 

38 

21 

17 

12 

12 

18 

40 

37 

21 

17 

12 

18 

42 

40 

21 

17 

12 

12 

26 

86 

40 

20 

17 

12 

18 

84 

20 

17 

Sept 


17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
15 
16 
15 
16 
16 
16 
16 
15 
16 
15 
16 
15 
15 
16 
15 
15 
16 
15 
15 


Oct. 


12 
12 
12 
12 
12 
12 
12 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
18 
18 
18 
18 


Nov. 


14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
18 
13 
13 
13 


April  10  weir  removed  by  water  master;  replaced  April  30. 


OBEAT  SALT  LAKE. 

Streams  that  contribute  water  to  this  lake  have  their  sources  in  the 
Wasatch  Mountains.  The  lake  is  very  shallow,  not  averaging  20 
feet,  while  the  deepest  point  is  only  60  feet.  The  western  and  east- 
ern shores  slope  very  gradually,  and  the  fall  of  a  foot  will  expose  many 
square  miles,  while  a  rise  of  6  feet  would  cover  nearly  one-tenth  more 
area.  At  ordinary  stages  the  area  of  the  lake  itself  is  about  2, 280  square 
miles.  A  record  of  the  fluctuations  of  the  surface  has  been  maintained 
since  1875,  and  they  are  published  below,  referred  to  Garfield  Beach 
gage.  The  table  published  in  the  Thirteenth  Annual  Report,  Part  III, 
page  20,  refers  to  the  shore  gage,  which  datum  is  4.6  feet  above  Gar- 
field Beach  gage.  A  further  description  of  the  fluctuations  of  this 
lake  will  be  found  in  Monograph  I  of  the  United  States  Geological 
Survey,  entitled  Lake  Bonneville,  by  G.  E.  Gilbert,  pages  233  to  238. 
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Oage  heights  of  Great  SaU  Lake,  referred  to  Oarfield  Beadi  gage. 


Date. 


1875. 

September  14 . . 
September  22 . . 
September  25 . . 

October  6 

October  12 

October  18 

October  26 

November  9  . . . 
November  16 . . 
November  23 . . 
November  29  . . 

December? 

December  14. . . 
December  21... 

1876. 

January  5 

January  11 

January  29 

February  1 

February  15  . . . 
Februarr  22  . . , 

March  15 

March  22 

March  28 

April  17 

April  25 

May2 

May  22 

June2 

Junes 

June  13 

June  23 

June 80 

July  18 

Ju]y25 

Augustl 

August  10 

August  22 

August  29 

August  30 

September  14 . 
September  19 . , 
September  26 . , 
October9 

1877. 

July  12 

October  19 

November  24 . . 

1878. 

January  21 ... . 

March  28 

May— 

June  80 

July  18 

November  1 . . , 
December  11... 

1879. 

May2 

November  19 . 

December  2 

December  16.. 
December  81. . 

1880. 

January  14 ..., 
January  29  ... , 
February  23 . . 

March  10 

March  80 

April  15 , 

April  28 

May  12 

May  26 

June  10 

June  28. ....... 


Gage 
hei^t 


Feet. 
10.4 
10.8 
10.3 
10.2 
10.2 
10.2 
10.1 
10.0 
10.0 
10.2 
10.3 
10.3 
10.3 
10.4 


10.5 
10.6 
10.6 
10.6 
10.7 
10.7 
10.8 
10.9 
10.9 
11.0 
11.1 
11.2 
11.6 
11.8 
11.9 
12.0 
12.2 
12.4 
12.1 
12.2 
12.1 
12.0 
11.6 
11.5 
11.5 
11.5 
11.4 
11.4 
11.3 


12.9 
11.7 
10.4 


10.5 
10.6 
10.8 
10.9 
10.7 
9.4 
9.3 


9.6 
7.1 
7.1 
7.2 
7.3 


7.4 
7.2 
7.2 
7.4 
7.4 
7.5 
7.6 
7.7 
7.9 
7.9 
8.0 


Date. 


'1880-^Continued. 

July  13 

July  30.- 

Augustl4 

August  29 

September  14 

September  29 

October  15 

October  29 

November  12 

November  29 

December  11 

December  14 

December  27 

1881. 

January  14 

January  28 

February  14 

February  28 

March  14 

Aprlll 

April  16 

Miiyl 

May  16 

June  1 

June  16 

Julyl 

July  16 

July  23 

August2 

August  19 

Septembers 

September  16 

October2 

October  16 

November  2 

November  16 

December  1 

December  15 

1882. 

January2 

January  16 

February  2 

February  16 

March2 

March  21 

Aprlll 

April  16 

liay2 

May  16 

June2 

June  16 

July2 

July  17 

Augu8t2 

August  15 

8eptember2 

Septembers 

October2 

October  15 

December  15 

December  80 

1883. 

January  15 

January  80 

February  15 

February  80 

Match  16 

April  2 

Septembers 

September  16 

Octobers 

October  15 

Novemberl 

November  15 

December  2 

December  16 


Gaxe 
lelgfau 


helgi 


Feet. 
7.9 
7.7 
7.5 
7.8 
7.0 
6.8 
6.6 
6.5 
6.3 
6.3 
6.8 
6.3 
6.4 


6.4 
6.8 
7.1 
7.1 
7.2 
7.2 
7.3 
7.6 
7.9 
8.0 
8.0 
7.8 
7.8 
7.7 
7.5 
7.3 
7.0 
7.9 
6.7 
6.7 
6.6 
6.6 
6.6 
6.7 


6.J 
6.8 
6.8 
6.9 
6.9 
7.0 
7.2 
7.2 
7.4 
7.6 
7.5 
7.5 
7.3 
7.2 
7.0 
6.8 
6.4 
6.2 
6.1 
6.0 
6.0 
6.0 


6.0 
6.0 
6.1 
6.1 
6.1 
6.8 
6.5 
6.1 
5.6 
5.4 
5.2 
5.0 
6.0 
5.0 


TJTAH. 
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Qage  heights  of  Great  Sail  Lake^  referred  to  Gaarfield  Beach  gage— Coniinued. 


Date. 


1884. 


January  2...., 

January  15 

February  2 

February  15... 
March  I....:.. 

March  15 

April  1 

April  15 

May  2 

May  16 

Junel 

Junel5 

Julyl 

July  15 

August  2 

August  15 

September  1 . 
September  15 

October  2 

October  16 . . . 
November  1.. 
November  15. 
December  2. . 
December  15. 


Gage 
height. 


1885. 

January  2 

January  15 

February  2 

February  16... 

March  2 

March  16 

Aprils 

April  16 

May  2 

May  16 

June  1 

June  16 

July2 

Julyl5 

August  2 

August  15 

September  2 . . 
September  15 . 

October  2 

October  15 

November  1... 
November  15. . 

December  2 

December  15.. 


1886. 


January  2 

January  15. . . 
February  2... 
February  15.. 

March2 

March  15 

April  1 

April  15 

May2 

May  16 

June  2 

July29 

October  2.... 
November  6.. 
December  28. 


1887. 


February  5. 
March5.... 
March  19... 

April  2 

April  16.... 

May? 

May  22 

May  80 

June  10.... 
June  22.... 
July  4 


Feet. 
5.0 
5.0 
5.0 
5.1 
5.2 
5.5 
5.6 
5.9 
6.2 
6.5 
7.0 
7.2 
7.4 
7.4 
7.2 
7.0 
7.0 
7.0 
7.0 
6.9 
6.9 
6.8 
6.8 
6.9 


7.1 
7.2 
7.3 
7.4 
7.5 
7.7 
7.8 
7.9 
8.1 
8.2 
8.5 
8.7 
8.8 
8.8 
8.6 
8.6 
8.2 
8.0 
8.0 
7.9 
7.9 
7.7 
7.7 
7.9 


8.0 
8.1 
8.3 
8.4 
8.6 
8.7 
8.8 
8.9 
9.0 
9.1 
9.2 
8.8 
8.2 
8.0 
8.2 


8.1 
8.8 
8.4 
8.4 
8.5 
8.4 
8.7 
8.7 
8.7 
8.6 
8.5 


Date. 


1887— Continued. 


July  14 

August  6 

Sepiember5.. 
September  20 , 

October4 

October  25... 
November  11. 


Oage 
hei^t 


1888. 

Januaryl 

January  10 

February  1 

February  24 . . . 

MarchS 

March  28 

April  6 

May8 

May  80 

June  22 

Julys 

July  23 

Augustl 

August  16 

September  1 . . . 
September  15 . . 

October  1 

November  1... 
November  10 . . 
December  10... 


1889. 

January  1 

January  15 

February  1 

February  15  . . . 

March  1 

March  25 

April  15 

Mayl 

May20 

June  1 

June  25 

July  12 

August  10 

August  SO 

September  23 . . 

October  12 

December  14... 


1890. 


January  4  . . . 
February  1 . . 
February  15 . 

March  6 

March  28 

April  15 

May6 

June  14 

June  27 

Julyl7 

August  2 

August  12 

September  11 
October  13... 
November  5 . 
December  12. 


1891. 


January5 

January  SO ... 
February  18 . . 

March2 , 

March  16 

April2 , 

April  15 

Biayl 

June  2 

August  15 

September  9 . 
September  19 


8.4 
8.1 
7.7 
7.8 
7.8 
7.1 
7.1 


7.1 
7.2 
7.2 
7.8 
7.8 
7.5 
7.6 
7.4 
7.5 
7.3 
7.1 
6.8 
6.7 
7.5 
6.3 
6.1 
5.9 
5.4 
5.6 
5.6 


5.6 
5.6 
5.7 
5.8 
6.0 
6.1 
6.8 
5.9 
5.8 
5.7 
5.4 
4.9 
4.5 
4.1 
3.6 
8.6 
3.7 


3.8 
4.2 
4.3 
4.5 
4.8 
4.8 
5.8 
5.6 
5.6 
5.4 
5.2 
4.9 
4.6 
4.2 
4.2 
4.2 


4.3 
4.3 
4.3 
4.6 
4.6 
4.7 
4.7 
4.9 
5.0 
4.8 
4.8 
8.9 


ma  88- 
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Qiige  heighls  of  Great  Salt  Lakcy  referred  to  Garfield  Beach  gmje — Continued. 


Dau*. 


1891— Continued. 

Octobers 

October  17 

November  2 

November  18 

December  1 

December  16 


G«e 
heigbt 


1892. 


January  1 


Idfti. 

January  1 

January  14 

January  30 

Februarys 

February  28 

March  14 

March  80 

April  14 

April  29 

May  13 

May  29 

June  15 

Julyl 

July  15 

July  81 

August  15 

August  80 

September  15 . . 
September  80  . . 
October  1 


1894. 


Januarys... 
January  30. . 
February  14 
February  28 
March  14  ... 
March  81  . . . 

April  14 

April  30 

May  31 

August  16... 
October  1... 
November  1 


1896. 


January  1... 
February  1  . 

March  1 

April  1 

Mayl 

June  1 

Julyl 

August  1 

September  1 
October  1 . . . 
November  1 
December  1. 


1897. 


January  1  .. 
January  15  . 
February  1 . 
February  15 
March  1.... 
March  15 . . . 
April  1 


3.9 
3.8 
3.9 
3.8 
3.8 
3.8 


3.8 


3.2 
8.8 
3.4 
3.5 
3.5 
3.7 
3.9 
4.1 
4.3 
4.5 
4.5 
4.5 
4.3 
4.2 
3.5 
8.3 
3.3 
3.0 
2.8 
2.5 


8.0 
8.2 
3.1 
8.1 
8.3 
3.6 
3.8 
4.0 
4.6 
3.8 
8.4 
3.1 


2.3 
2.5 
2.6 
2.8 
2.8 
8.3 
3.3 
2.8 
2.4 
2.2 
1.9 
2.0 


2.3 
2.4 
2.5 
2.6 
2.8 
2.9 
8.1 


Date. 


1897— Continued. 

April  15 

Mayl 

May  16 

Junel 

June  16 

Julyl 

July  15 

Augustl 

August  15 

Septemberl 

September  15 

Octoberl 

October  15 

November  1 

November  15 

December  1 

December  15 


1898. 

January  l 

January  15 

February  1  . . . 
February  15 .. 

March  1 

March  15 

Aprill 

April  15 

Mayl 

May  16 

Junel , 

June  15 

Julyl 

July  16 

Augustl 

August  15 

Septemberl... 
September  15. . 

Octoberl , 

October  16 

November  1 . . 
November  15 . 

DeoembOTl 

December  16. . 


1899. 


January! .... 
January  16  . . . 
February  1 . . . 
February  15 . . 

March  1 

March  15 

Aprill 

April  16 

MAyl 

May  16 

Junel 

June  15 

Julyl 

July  15 

August  1  ..... 

August  15 

September  1 . . 
September  16. 

Octoberl 

October  16.... 
November  1 . . 
November  16 . 
December  1  .. 
December  16  . 


Gage 
teiffht. 


heig] 


Fort. 
3.2 
3.4 
3.6 
3.8 
3.7 
3.6 
3.8 
8. 
Z7 
2.7 
2.3 
2.2 
2.2 

o 
o 

2.1 
2.2 


2.3 
2.4 
2.4 
2.6 
2.7 
2.S 
2.9 
3.1 
8.2 
3.3 
3.4 
3.3 
8.3 
3.1 
2.8 
2.6 
2.2 
1.9 
1.8 
1.7 
1.5 
1.4 
1.3 
1.S 


1.4 
L5 
1.7 
1.8 
2.0 
2.1 
2.3 
2.3 
2.4 
2.6 
2.7 
2,8 
2.7 
2,6 
2,3 
2.1 
2.0 
1.8 
1.7 
1.6 
1.7 
1.6 
1.4 
1.4 
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SNAKE   RIVER  AT  GROVANT,  WYOMING. 

This  river  rises  on  the  southern  slope  of  the  Continental  Divide,  in 
the  Yellowstone  National  Park,  draining  the  country  west  and  south- 
west of  Yellowstone  Lake.  From  Shoshone,  Lewes,  and  Heart  lakes, 
near  its  head,  the  river  flows  in  a  southerly  direction  through  a  tim- 
bered and  mountainous  country,  resulting  in  a  long  period  of  high 
water.  After  continuing  through  this  area  for  about  20  miles  it  broad- 
ens into  Jackson  Lake,  a  deep  body  of  water  about  8  miles  wide  and 
8  miles  long.  Below  the  lake  the  river  flows  through  Jackson  Hole 
Valley — about  40  miles  long  and  8  miles  wide — and  then  enters  a  long 
canyon  near  the  Idaho- Wyoming  line.  All  of  the  large  tributaries 
come  from  the  east,  receiving  their  waters  from  the  Wind  River  Range. 
The  west  side  of  the  valley  is  bounded  by  the  high  Teton  Mountains, 
from  which  most  of  the  drainage  flows  westward  through  Teton  River 
into  North  Fork  of  Snake  River. 

This  area  has  been  mapped  in  part  by  T.  M.  Bannon,  who  states  that 
about  8,000  acres  can  be  irrigated  in  Jackson  Hole  Valley.  To  do  this 
will  necessitate  the  construction  of  five  or  six  canals,  owing  to  the 
position  of  the  agricultural  lands.  The  small  area  now  irrigated  is 
watered  by  ditches,  usually  constructed  by  individuals  and  at  little  cost 
beyond  the  labor.  Cultivation  is  confined  to  small  gardens  and  forage 
crops,  the  latter  for  winter  feed  of  the  stock  that  range  in  the  country 
during  the  summer  season.  During  the  winter  the  snow  is  so  deep 
that  the  cattle  must  be  fed  for  from  three  to  five  months. 

The  river  station  at  Grovant  was  established  April  2, 1899,  by  T.  M. 
Bannon,  at  Menors  Ferry,  the  location  being  shown  on  the  Grand 
Teton  atlas  sheet.  A  bench  mark  is  located  near  Mr.  Menor's  house, 
west  of  the  gage  rod.  The  elevation  of  the  bench  mark  is  6,457.864 
feet  above  sea  level.  The  5-foot  mark  on  the  gage  rod  is  at  an  eleva- 
tion of  6,448.483  feet.  The  channel  above  and  below  the  ferry  is 
straight  and  the  bank  sufficiently  high  to  confine  flood  waters,  this 
being  about  the  only  place  of  this  kind  in  the  valley.  The  bed  of  the 
stream  is  of  gravel.  The  place  is  most  readily  reached  by  hired  con- 
veyance from  St.  Anthony,  Idaho.  The  road  crosses  the  North  Fork 
of  Snake  River  and  the  Teton  River  at  the  lower  end  of  Teton  Basin. 
Measurements  can  readily  be  made  at  these  localities,  particularly  at 
the  latter,  where  there  is  a  stage  station. 

No  measurements  of  discharge  were  made  at  this  point  during  1899. 
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Daily  gage  height^ 

,  in  feet  J 

of  Snake  River  at  Orovant, 

Wyoming  f  for  1899, 

Day. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sc|.t. 

1 
Oct.    1 

1 

0.44 

.40 

.33 

.35 

.42 

.44 

.50 

.60 

.83 

.92 

1.17 

1.06 

1.17 

1.25 

1.38 

1.42 

1.42 

1.60 

1.67 

1.88 

1.88 

1.83 

1.75 

1.83 

2.06 

2.88 

2.42 

2.60 

2.67 

2.88 

2.75 

2.75 
2.88 
8.00 
8.42 
8.68 
8.42 
8.83 
8.83 
8.60 
8.75 
4.06 
4.60 
4.  SO 
4.25 
4.83 
4.67 
5.06 
5.75 
6.25 
6.75 
6.83 
6.50 
6.25 
6.25 
6.13 
6.84 
6.41 
6.41 
6.63 
6.76 

6.66 
6.68 
6.42 
6.25 
6.17 
6.00 
5.92 
5.88 
5.75 
5.58 
5.50 
5.38 
5.50 
5.42 
5.17 
4.83 
4.67 
4.50 
4.33 
4.25 
4.17 
4.17 
4.00 
8.67 
3.42 
8.25 
8.17 
8.17 
8.00 
8.00 
2.92 

2.75 
2.50 
2.50 
2.42 
2.33 
2.25 
2.17 
2.08 
2.17 
2.06 
2.00 
1.92 
1.83 
1.75 
1.67 
1.68 
1.60 
1.42 
1.33 
1.83 
1.25 
1.25 
1.17 
1.17 
1.06 
LOO 
.92 
.92 
.88 
.83 
.76 

0.75 
.75 
.75 
.75 
.75 
.67 
.67 
.67 
.67 
.67 
.56 
.58 
.58 
.58 
.58 
.50 

0.25 

2 

0.02 
.04 
.08 
.10 
.10 
.10 
.13 
.15 
.13 
.13 
.17 
.25 
.25 
.25 
.25 
.28 
.21 
.21 
.19 
.23 
.21 
.23 
.38 
.52 
.58 
.54 
.46 
.44 
.42 

.25  ; 

3 

.25 

4 

.25 

5 

.17   ■ 

6 

.17  1 

7 

.17 

8 

.17 

9 

1-   ' 
.1/ 

10 

.17   1 

11 

.17   , 

12 

.IS   1 

IS 

.13   ' 

14 

15 

16 

.IS   ' 

.17   1 
.17    1 

17 

.50            .a  , 

18 

.50    1          .21 

19 

.50    (          .25 

20 

.42    j          .25 

S.::.::::...:: 

.42    !          .S 

22 

.42 
.42 
.42 
.42 
.42 
.83 
.33 
.83 
.33 

23 

1 

24 

1 

25 

1  ■  ■* 

26 

27 

28 

29 

80 

81 

' 

Closed  for  winter  October  21. 


POBTNEUF  RIVER  AT  POCATELLO,    IDAHO. 

This  river  is  a  tributary  of  Snake  River,  and  rises  in  southeastern 
Idaho,  its  headwater  tributaries  draining  the  area  immediately  west  of 
those  of  Blackf  oot  River.  Its  basin  is  almost  wholly  included  within 
the  Fort  Hall  Indian  Reservation.  There  is  little  agricultural  country 
along  its  course  until  Pocatello  is  reached,  where  the  valley  broadens 
to  a  considerable  extent.  This  river  will  probably  not  be  developed 
for  irrigation  purposes  by  private  capital  until  the  reservation  k 
thrown  open  for  settlement.  The  gaging  station  at  Pocatello  was  estab- 
lished May  8,  1897,  and  is  located  at  the  wagon  bridge  one-eighth  of  a 
mile  below  the  plant  of  the  Pocatello  Electric  Power  Company.  The 
rod  is  vertical  and  is  securely  spiked  to  the  west  abutment  of  the 
bridge.  The  bench  mark  is  a  spike  driven  into  the  end  of  a  log  on  the 
east  abutment  of  the  bridge,  and  is  opposite  the  13-foot  mark.  Thi* 
channel  above  the  station  is  curved,  while  below  it  is  straight.  Tht- 
right  bank  is  high,  but  the  left  is  liable  to  overflow  at  a  12-foot  ga^ 
height.  The  bed  of  the  stream  is  rocky.  The  results  of  measure- 
ments may  be  found  as  follows:  1897-98,  Twentieth  Annual  Report 
Part  IV,  page  474.  The  following  discharge  measurements  were  mad* 
by  F.  S.  Shirley  and  N.  S.  Dils  during  1899: 

March  30,  gage  height,  8  feet;  discharge,  3d8  second-feet 
May  22,  gage  height,  9.10  feet;  discharge,  614  second-feet 
Jane  25,  gage  height,  8.90  feet;  dischaiige,  558  second-feet 
July  28,  gage  height,  7  feet;  discharge,  123  second-feet 
August  27,  gage  height,  7.05  feet;  discharge,  129  second-feet 
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>(aly  gage  haglU,  in/ut,  of  Fortntuf  River  at  Pocaidio,  Idaho,  for  18$9. 


Day. 

Jui. 

Feb. 

Mar. 

Apr. 

M«J. 

June. 

July. 

Ang- 

6ept. 

Oct 

i.to 

II 

7:  BO 

i 

7.40 

7:70 

7!  SO 
i.vi 

.40 
.SO 
.30 
.90 

.30 
7.30 
7.30 
7.40 
7.W 

!l 

7.40 
7.30 

l:S 

7.60 
7.60 

i 
i 

1 

il 

;l 

7.50 
7.  SO 
7.40 
8.20 
7.90 
7.80 
7.30 

7.76 

tIso 

7.80 
7.96 
3.00 
3.00 
8.1s 

S-fiO 
8.60 
8.60 
8.70 

site 

8!66 
8.40 

i 
i| 

8.66 

8.60 
8!  46 

i 

>!40 
9.80 

B!7a 

I 

s.eo 

A 

J 

:46 

9:55 
9:  BO 

9:05 

1 

11 

a 

K 

3.60 

8.60 
3.00 

11 

7.  SO 

3!  00 

8.00 
3.00 
8.10 
8.10 

7^80 
6.70 
7.80 
8.00 
8. 00 
7.20 
7.00 
7.20 
7.40 
7.W 

g.80 
7:10 

6.90 
6.30 

6.80 

il 

7!  20 

7:00 
7:00 

6.90 

li 

7!  00 

7.00 

l| 

7!  00 

3 

7.20 

7;?o 
7.20 

! 

K 

iiltttlDii  dltooDUaaed  October  14. 


SNAKE   BIVEH   AT  MONTGOMEHr    FEKKr,  IDAHO. 

This  river  passes  from  Wyoming  into  Idaho  through  a  long  and 
iDaccessible  canyon  in  the  Snake  Eiver  Kange.  Its  north  fork  has  its 
source  in  Henry  liake,  in  the  Kocky  Mountain  divide,  in  the  north- 
eastern corner  of  Idaho,  and  flows  southerly,  entering  the  main  stream 
near  Idaho  Falls.  In  the  vicinity  of  Market  Lake  and  Idaho  Falls 
there  is  a  large  area  of  land  under  cultivation,  irrigated  from  canals 
beading  on  Snake  River  and  it^  smaller  tributaries.  Ten  miles  above 
the  gaging  station  at  Montgomery  Ferry  occurs  a  natural  dam  site, 
from  which,  as  a  starting  point,  surveys  for  canal  lines  have  been  run, 
covering  the  large  extent  of  rolling  country  susceptible  of  irrigation 
on  both  sides  of  the  river.  This  is  a  feasible  project  which  up  to  the 
present  time  has  not  been  utilized.  Measurements  at  Montgomery 
Ferry  show  the  amount  of  water  available  for  irrigation  purposes  there, 
and  also  the  amount  that  could  be  developed  for  power  purposes  at 
Shoshone  Falls,  about  45  miles  below.  The  station,  established  August 
5,  1895,  is  located  at  Montgomery  Ferry,  on  the  st^e  road  from  Mini- 
doka to  Albion.  The  gage  is  inclined  and  fastened  to  posts  set  in  the 
gxound.  The  bench  mark  is  the  head  of  a  spike  in  the  east  post  of 
the  tool  house,  1.2  feet  above  the  ground  and  52  feet  west  of  the  gf^. 
Its  elevation  is  17.50  feet  above  gage  datum.  The  letters  "B.  M."are 
marked  in  black  paint  on  the  post.  The  river  is  800  feet  wide  at  this 
section,  with  a  hard  gi'avel  bottom  not  subject  to  change.     When  the 
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station  was  visited  by  N.  S.  Dils  on  October  14,  1899,  a  comparisoii 
was  made  of  the  gage  rod  with  the  bench  mark,  and  it  was  found  tiiat 
the  rod  had  moved  to  a  considerable  extent,  due  to  the  action  of  the 
quicksand  on  the  inclined  portion  of  the  rod«  The  heights  as  recorded 
by  the  observer,  as  well  as  the  discharge  measurements,  have  been 
corrected.  The  rod  is  inclined  from  zero  to  6.5  feet,  and  is  vertical 
above  this  latter  elevation.  The  lower  portion  is  fastened  at  various 
intervals  to  posts  driven  into  the  ground.  Owing  to  its  considerable 
length  the  rod  has  not  moved  uniformly,  and  the  corrections,  therefore^ 
are  not  in  a  constant  ratio.  From  zero  to  2.5  feet  the  correction  to  the 
gage  heights  is  below  one-tenth  of  a  foot;  from  2.6  to  3.7  feet,  one- 
tenth  of  a  foot  should  be  added  to  the  gage  heights;  from  3.8  to  4.9 
feet,  as  the  correction  is  below  one-tenth  of  a  foot  it  is  negligible; 
from  5.0  feet  to  6.5  feet  the  correction  varies  from  0.2  foot  to  0.4  foot. 
The  results  of  measurements  may  be  found  as  follows :  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  835;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  447;  1898,  Twentieth  Annual  Report,  Part  IV,  page  474. 
The  following  measurements  of  discharge  were  made  by  F.  S.  Shii'ley 
and  N.  S.  Dils  during  1899: 

March  29,  gage  height,  3.04  feet;  discharge,  5,6S8  seoond-feet. 
May  23,  gage  height,  6.40  feet;  dischaige,  16,587  second-feet 
June  27,  gage  height,  10.70  feet;  discharge,  35,718  second-feet 
July  29,  gage  height,  6.10  feet;  discharge,  15,012  second-feet 
Augost  28,  gage  height,  8.68  feet;  discharge,  7,292  second-feet 
October  14,  gage  height,  3.15  feet;  discharge,  5,911  second-feet 

Daily  gagt  heigkty  in  feet,  of  Snake  Rvoer  at  Montgomery  Ferry ,  Idaho,  for  1S99, 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


Jan. 


3.40 
3.45 
8.50 
8.35 
3.85 
3.35 
3.40 
3.40 
3.40 
3.40 
3.30 
3.80 
3.45 
8.55 
3.65 
8.75 
8.90 
4.15 
4.25 
4.25 
4.60 
4.60 
4.50 
4.85 
4.85 
8.85 
8.20 
2.96 
2.76 
2.70 
3.00 


Feb. 


2.85 
2.80 
2.85 
8.80 
8.95 
8.85 
8.70 
8.55 
3.35 
3.15 
3.00 
2.90 
8.06 
8.20 
3.45 
8.80 
8.75 
3.85 
2.96 
2.65 
2.75 
2.86 
2.80 
2.70 
2.70 
2.70 
2.45 
2.86 


Mar. 


2.96 
8.00 
2.90 
2.80 
2.76 
2.66 
2.76 
2.76 
2.70 
2.90 
2.86 
2.86 
2.80 
2.86 
2.86 
2.80 
2.86 
2.90 
2.90 
2.90 
2.90 
2.90 
2.86 
2.90 
2.90 
8.00 
3.00 
8.00 
3.00 
3.00 
3.00 


Apr. 


2.90 
2.96 
2.96 
2.86 
2.90 
2.86 
2.80 
2.80 
2.75 
2.75 
2.80 
2.80 
2.86 
3.00 
8.00 
3.10 
3.86 
8.26 
3.66 
3.50 
3.60 
8.40 
8.30 
8.20 
3.30 
8.65 
3.96 
4.30 
4.66 
4.50 


May. 


4.30 
4.10 
4.06 
4.06 
3.90 
3.80 
3.70 
8.70 
3.80 
4.10 
4.46 
6.40 
6.06 
6.40 
6.80 
6.66 
6.60 
6.66 
6.60 
6.20 
6.20 
6.36 
6.40 
6.26 
6.10 
6.10 
6.46 
6.66 
7.10 
7.20 
7.25 


June. 


7.86 

7.40 

7.40 

7.66 

7.76 

8.06 

8.46 

8.66 

8.36 

8.06 

7.75 

7.96 

8.80 

8.80 

9.10 

9.15 

8.80 

8.65 

8.85 

9.85 

9.96 

10.36 

10.75 

11.06 

11.20 

10.90 

10.66 

10.40 

10.40 

10.40 


July. 


10.60 

10.70 

10.80 

10.60 

10.60 

10.46 

10.25 

10.00 

9.85 

9.65 

9.80 

9.06 

8.85 

8.66 

8.60 

8.65 

8.45 

8.80 

8.10 

7.70 

7.45 

7.25 

7.06 

6.80 

6.76 

6.66 

6.60 

6.36 

6.16 

6.90 

5.80 


Aug. 


6.65 
6.60 
6u80 
6.00 
4.85 
4.86 
4.76 
4.75 
4.65 
4.65 
4.56 
4.46 
4.46 
4.35 
4.25 
4.16 
4.16 
4.05 
3.96 
8.96 
3.85 
3.80 
8.80 
8.80 
8.80 
8.80 
8.80 
3.68 
8.65 
3.60 
3.60 


Sept. 


8.60 
8.66 
8.50 
8.40 
8.40 
8.40 
3.80 
8.80 
8.80 
8.26 
8.20 
8.20 
&20 
8.20 
8.10 
8.10 
8.10 
8.10 
8.00 
8.06 
8.10 
8.10 
8.10 
8.10 
3.10 
8.10 
3.10 
3.08 
3.06 
3.06 


Oct. 


3.06 
3.06 
S.06 
3w06 
a.  06 
3.06 
8.06 
3.10 
3.10 
3.10 
S.15 
3.15 
3.15 
&I5 
3l15 


I.. 


Station  diBOonUnued  October  15. 
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LITTLE  WOOD  BIVER  AT  TOPONIS,  IDAHO. 

The  headwater  tributaries  of  this  river  drain  a  country  adjoining 

those  of  Malade  River  on  the  east.     It  enters  Snake  River  Desert  and 

the  lava  area  on  its  appearance  from  its  mountainous  basin.    Irrigation 

is  practiced  along  its  course  to  such  an  extent  that  on  the  lower  reaches 

the  river  is  diy  during  the  sunmier  period.     A  measurement  on  this 

river  at  Shoshone,  made  by  N.  S.  Dils  on  August  29,  1899,  showed  a 

discharge  of  71  second-feet.     At  this  time  the  gage  at  Toponis  showed 

a  discharge  of  9  second-feet.     The  station  was  established  June  2, 

1896,  and  is  located  at  the  highway  bridge  one-half  mile  south  of  the 

railroad.     The  rod  of  the  old  wire  gage  was  fastened  to  the  floor  of  the 

bridge,  but  it  was  replaced  March  28,  1899,  by  a  vertical  rod  which  is 

spiked  to  one  of  the  supports  of  the  bridge.     The  bench  mark  is  a  spike 

opposite  the  8-foot  mark  on  the  bridge  support  to  which  the  rod  is 

fastened.     During  the  flood  periods  two  side  channels  have  to  be 

measured,  as  well  as  the  main  stream.     The  results  of  measurements 

may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 

page  337;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  449.     TBe 

following  discharge  measurements  were  made  by  F.  S.  Shirley  and 

N.  S.  Dils  during  1899: 

March  28,  gage  height,  4.40  feet;  discharge,  164  second-feet. 
March  28,  gage  height;^  dischai^,  25  second-feet. 
May  25,  gage  height,  1.50  feet;  discharge,  0.1  second-feet. 
June  24,  gage  height,  2  feet;  discharge,  11  second-feet. 

Daily  gage  height,  in  feet,  of  Little  Wood  River  at  Topoms,  Idaho,  for  1899. 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

4.50 
6.60 
5.60 
5.40 
5.80 
5.20 
5.00 
5.00 
4.80 
4.85 
4.80 
5.00 
4.60 
4.60 
4.60 
4.80 
4.00 
8.90 
4.00 
8.80 
8.80 
8.85 
8.85 
8.90 
4.00 
4.20 
4.85 
4.45 
4.20 
4.10 
4.10 

4.25 
4.25 
4.20 
4.40 
4.40 
4.60 
4.40 
4.80 
4.40 
4.25 
4.10 
4.10 
4.00 
8.90 
8.80 
8.80 
8.75 
8.70 
8.70 
8.70 
8.70 
8.50 
8.50 
8.60 
8.80 
8.20 
8.25 
8.25 
8.20 
2.95 

8.05 
8.15 
8.05 
8.05 
2.90 
2.85 
2.66 
2.66 
2.60 
2.60 
2.60 
2.40 
2.25 
2.05 
2.00 
1.80 
1.70 
1.80 
1.60 
1.50 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.40 
1.40 
1.20 
1.00 

1.00 
.90 
.90 
1.00 
1.20 
1.75 
1.60 
1.70 
1.70 
1.65 
1.70 
1.70 
1.60 
1.60 
1.50 
1.45 
1.86 
1.80 
1.25 
1.10 
1.00 
1.90 
2.00 
1.96 
1.65 
1.65 
1.70 
1.70 
1.65 
1.60 

1.60 
1.70 
1.70 
1.70 
1.76 
1.70 
1.70 
1.60 
1.70 
1.70 
1.85 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.75 
1.75 
1.70 
1.70 
1.55 
1.60 
1.70 
1.60 
1.70 
1.70 
1.70 
1.76 
1.70 
1.60 

1.80 
1.20 
1.10 
1.00 
1.00 
1.70 
1.60 
1.50 
1.80 
1.60 
1.70 
1.76 
1.75 
1.75 
1.75 
1.75 
1.76 
1.76 
1.80 
1.80 
1.75 
1.75 
1.90 
2.10 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 
1.80 
1.80 
2.25 
2.25 
2.00 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.50 
1.50 
1.60 
1.70 
1.70 
1.60 
1.60 
2.10 
2.30 
2.40 
2.50 
2.60 
2.60 
2.60 

2.60 
2.60 
2.60 
2.70 
2.90 
2.90 
2.90 
2.90 
8.00 
3.00 
8.00 
3.00 
8.10 
3.10 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 

1 

Station  discontinued  October  14. 


1  Measurement  made  on  a  slough,  500  feet  south  of  railroad,  into  which  water  had  been  diverted 
from  Little  Wood  River  for  irrigation  purposes. 
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MALADE   RIVEB  AT  TOPONIB,  IDAHO. 

Malade  River,  or  Big  Wood,  as  it  is  sometimes  called,  has  its  source 
in  the  high,  mountainous  area  north  of  Ketchum,  Idaho,  and  flows 
southerly.  Below  the  mouth  of  its  tributary,  Camas  Creek,  which 
enters  from  the  west,  the  main  stream  enters  a  broken  lava  country 
in  which  there  is  no  surface  addition  to  its  flow,  the  rainfall  percolat- 
ing down  through  the  soil  of  the  lava  beds.  Considerable  irrigation 
is  practiced  within  its  basin,  and  a  number  of  canal  diversions  are 
made  above  the  station.  Recourse  must  be  had  to  storage  on  this 
river  for  further  increase  of  its  agricultural  lands.  The  station, 
established  June  2,  1896,  is  located  at  the  wagon  bridge  one-half  mile 
north  of  the  town  of  Toponis.  The  gage  is  vertical  and  is  spiked  to 
the  south  face  of  one  of  the  bridge  piers.  The  bench  mark  is  the  head 
of  a  spike  driven  into  the  pier  opposite  the  12-foot  mark.  The  channel 
is  straight  for  some  distance  above  and  below  the  station,  and  the 
current  is  moderately  swift.  The  banks  are  high  and  not  liable  to 
overflow.  The  results  of  measurements  are  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  337;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  449;  1898,  Twentieth  Annual  Report^ 
Part  IV,  page  477.  The  following  measurements  of  discharge  were 
made  by  F.  S.  Shirley  and  N.  S.  DUs  during  1899: 

March  28,  gage  height,  2.40  feet;  dischai^ge,  42  second-feet 
May  25,  gage  height,  3.80  feet;  discharge,  523  second-feet, 
June  24,  gage  height^  5  feet;  discharge,  1,356  second-feet 
July  27,  gage  height,  2.80  feet;  discharge,  125  second-feet 

Daily  gage  height^  in  feet,  of  Malade  River  at  ToponiSy  Idaho,  for  1899, 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

2.00 
2.80 
2.45 
2.85 
2.20 
2.30 
2.45 
2.50 
2.55 
2.80 
2.05 
2.00 
2.00 
1.95 
1.70 
1.60 
2.60 
2.45 
2.45 
2.45 
2.45 
2.10 
2.40 
2.60 
8.70 
2.95 
2.60 
2.40 
2.60 
2.60 
2.60 

2.60 
2.85 
2.75 
2.80 
2,70 
2.65 
2.75 
2.75 
2.90 
8.00 
8.00 
8.60 
4.10 
4.60 
4.75 
5.10 
5.55 
6.45 
6.20 
6.10 
5.10 
6.00 
6.00 
5.00 
6.00 
6.00 
5.40 
4.90 
4.40 
4.00 

8.80 
8.80 
8.80 
8,75 
3.80 
8.90 
8.90 
8.90 
3.70 
4.05 
4.80 
4.66 
5.00 
4.80 
4.60 
4.70 
4.60 
4.30 
4.20 
4.10 
4.00 
8.90 
8.90 
8.80 
8.80 
3.80 
4.00 
4.00 
4.15 
4.85 
4.80 

4.20 
4.25 
4.26 
4.40 
4.65 
4.60 
4.60 
4.60 
4.40 
4.10 
4.20 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.86 
4.70 
4.90 
5.20 
5.40 
6.05 
4.90 
4.90 
4.80 
4.75 
4.56 
4.60 
4.60 

4.60 
4.60 
4.60 
4.65 
4.50 
4.10 
3.90 
8.80 
8.70 
8.65 
3.66 
3.60 
8.65 
3.65 
3.60 
3.45 
8.80 
3.20 
3.10 
8.00 
8.00 
2.95 
2.90 
2.90 
2.80 
2.70 
2.70 
2.65 
2.65 
2.65 
2.60 

2.50 
2.40 
2.80 
2.80 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
1.90 
2.10 
2.10 
2.00 
2.U0 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.70 
1.60 
1.80 
1.80 
1.80 
1.55 
1.65 
1.40 
1.80 
1.20 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.90 
1.90 
1.90 
1.80 
1.70 
1.70 
L70 
1.66 

i.eo 

1.60 
1.60 
1.70 
1.80 
1.90 
1.80 
1.90 
1.90 
1.80 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 

2 

L96     ' 

3 

1.95     ' 

4 

1.90 

6 

1.90 

6 

1.90 

7 

1.85 
1.85 
1.90 
2.00 
2.00 
2.00 

8 

9 

10 

11 

12 

13 

2.00 

14 

2.00     1 

15 

16 

17 

18 

8.80 
2.90 
3.00 
2.60 
2.50 
2.40 
2.00 
2.10 
2.10 
2.05 
2.10 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

80 

81 

p 

A 

Clooec 

I  for  wId 

Iter  Oc  to 

>ber  14. 
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MALADE  BIYER  AT  BLISS,   IDAHO. 

There  is  a  large  increase  in  the  discharge  of  this  river  below  the 
mouth  of  Little  Wood  River,  which  is  evidently  due  to  the  entrance  of 
springs  from  the  lava  desert.  Surveys  have  recently  been  completed 
in  order  to  determine  the  practicability  of  carrying  water  from  lower 
Malade  River  across  Snake  River  for  placer  mining  and  irrigation 
purposes.  In  order  to  determine  the  increase  by  the  underground 
flow,  and  the  amount  available  for  future  hydraulic  developments,  a 
station  was  established  by  Frank  S.  Shirley  March  27,  1899.  The 
station  is  located  at  the  wagon  bridge  8  miles  southwest  from  the  rail- 
road station  at  Bliss,  and  is  reached  by  stage  from  the  latter  place. 
The  rod  is  vertical  and  consists  of  a  2  by  4  inch  timber  spiked  to  the 
bridge  abutment.  The  bench  mark  is  two  nails  driven  into  the  east 
abutment  opposite  the  12-foot  mark.  The  locality  is  a  good  one  for 
measurements,  with  high  banks  not  subject  to  overflow,  and  with  a  rocky 
bed  not  liable  to  change.  The  following  measurements  of  discharge 
were  made  by  F.  S.  Shirley  and  N.  S.  Dik  in  1899: 

March  27,  gage  height,  2.50  feet;  discharge,  1,345  second-feet 
May  26,  gage  height,  2.70  feet;  dischai^e,  1,736  second-feet. 
June  23,  gage  height,  3.50  feet;  dischax^,  2,878  second-feet. 
July  26,  gage  height,  2.30  feet;  discharge,  1,203  second-feet. 
September  23,  gage  height,  2.15  feet;  discharge,  1,095  second-feet. 


DaUy  gage  height,  in  feet,  of  Malwle  River  at  Blm,  Idaho,  for  1899, 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept, 

Oct. 

1 

2.40 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.90 
2.90 
2.90 
8.00 
8.00 
8.10 
8.80 

§>«, 

8.80 
8.90 
4.00 
8.60 
8.80 

(o) 
8.40 

8.60 

8.60 

8.60 

8.40 

8.10 

8.00 

2.90 
2.80 
2.80 
2.70 
2.70 
2.60 
2.50 
2.50 
2.60 
2.70 
2.90 
8.10 
8.60 
8.80 
8.80 
8.00 
8.00 
8.00 
2.90 
2.80 

2.80 
2.70 
2.70 
2.60 
2.70 
2.80 
2.80 
2.80 
2.90 
2.90 

2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
8.00 
8.00 
8.10 
8.00 
2.90 
2.90 
8.00 
8.80 
8.60 
3.80 
8.70 
3.50 
3.40 
8.80 
8.80 
3.20 
3.20 
3.10 
3.10 

3.00 
8.00 
8.00 
3.00 
8.00 
2.90 
2.80 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.30 
2.20 
2.20 
2.20 
2.20 

2.20 
2.20 
2.20 
2.20 
2.20 
2.16 
2.15 
2.15 
2.15 
2.16 
2.15 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2,15 
2.15 
2.15 
2.15 

2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2,15 
2.15 
2.15 
2.16 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.20 
2.20 
2.20 

2.20 
2.20 
2.20 
2.20 
2.20 
2,20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

2.00 
2.40 
2.80 
2.80 
2.40 

28 

29 ^ 

80 

81 

a  No  reading. 


Closed  for  winter  October  14. 
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BEUNEAU  BIVEB  AT  ORANDVIEW,   IDAHO. 

This  river  has  its  source  in  northern  Nevada,  and  flows  in  a  general 
northerly  course,  entering  Snake  River  in  Owyhee  County.  Its  basin 
is  of  a  rolling  character  and  is  devoted  to  stock  raising.  Systematic 
measurements  on  thus  river  have  been  maintained  by  Mr.  Andrew  J. 
Wiley,  for  the  Owyhee  Land  and  Irrigation  Company,  immediately 
below  the  headworks  of  their  canal  system,  10  miles  east  of  Grandview, 
Idaho.  The  results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  IV,  page  340;  1897,  Nineteenth 
Annual  Report,  Part  FV,  page  450;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  482.  No  measurements  were  made  at  this  station 
during  1899. 

Ikuly  tjmje  height,  injed^  of  Bruneau  River  at  Chrandview,  Idaho,  for  1899. 


Dh}-. 

Jan. 

1.50 
1.60 
1.60 
1.50 
1.60 
1.65 
1.65 
1.66 
1.60 
1.60 

i.eo 

1.65 
1.65 
1.55 
1.60 
8.90 
2.66 
2.80 
2.80 
2.00 
1.86 
1.90 
1.80 
1.80 
1.76 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

Feb. 

M&r. 

1.70 
1.70 
1.90 
1.90 
1.70 
1.75 
1.75 
1.70 
2.30 
2.60 
2.30 
2.00 
1.90 
1.90 
1.80 
1.80 
1.85 
1.85 
2.00 
1.95 
1.90 
1.90 
1.90 
1.85 
8.00 
4.40 
8.40 
8.00 
2.80 
2.60 
2.60 

Apr. 

May. 

June. 

July. 

Au8r. 

Sept 

Oct. 

Nov. 

Dec, 

1 

2 

1.80 
1.80 
1.70 
1.60 
1.30 
1.25 
1.20 
1.20 
1.50 
1.65 
2.60 
2.80 
1.90 
1.80 
1.80 
1.80 
1.80 
1.76 
1.70 
1.75 
2.80 
2.40 
2.00 
1.80 
1.80 
1.75 
1.70 
1.70 

2.40 
2.50 
2.60 
2.50 
2.50 
2.60 
2.70 
2.80 
3.10 
8.40 
4.50 
4.50 
5.00 
5.20 
5.00 
4.80 
5.00 
6.00 
4.40 
4.20 
8.90 
4.00 
4.40 
4.40 
4.80 
4.80 
8.80 
8.70 
8.50 
8.80 

3.20 
8.10 
3.00 
2.90 
2.80 
2.80 
2.95 
8.80 
3.50 
4.00 
4.66 
4.85 
5.00 
5.00 
4.80 
4.55 
4.40 
4.00 
8.80 
8.70 
8.56 
8.45 
8.40 
3.60 
3.70 
3.95 
4.00 
8.85 
3.90 
3.85 
4.16 

8.95 
4.00 
4.25 
4.65 
4.66 
7.85 
4.95 
4.80 
4.76 
4.70 
4.75 
4.90 
6.15 
5.15 
4.80 
4.60 
4.65 
4.75 
5.00 
5.00 
6.20 
5.00 
4.60 
4.80 
4.20 
4.26 
4.10 
4.00 
8.80 
8.75 

3.75 
8.70 
3.60 
8.50 
8.45 
3.80 
3.25 
3.20 
3.15 
3.00 
3.00 
2.90 
2.80 
2.80 
2.76 
2.70 
2.60 
2.55 
2.50 
2.45 
2.40 
2.86 
2.25 
2.20 
2.20 
2.10 
2.05 
2.00 
2.00 
1.95 
1.90 

1.90 
1.85 
1.80 
1.80 
1.75 
1.85 
1.90 
1.80 
1.80 
1.85 
1.80 
1.80 
1.75 
1.75 
1.70 
1.65 
1.60 
1.65 
L65 
1.65 
1.60 
1.65 
1.60 
1.65 
1.60 
1.60 
1.60 
1.55 
1.55 
1.60 
1.60 

1.45 
1.40 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.45 
1.46 
1.40 
1.45 
1.45 
1.46 
1.40 
1.40 
1.45 
1.45 
1.45 
1.46 
1.45 
1.45 
1.45 
1.45 
1.60 
1.60 
1.60 
1.60 

1.45 
1.60 
1.60 
1.50 
1.50 
L60 
1.60 
1.65 
1.55 
1.55 
1.60 
1.55 
1.55 
1.60 
1.66 
1.65 
1.70 
1.70 
1.70 
1.70 
1.76 
1.75 
1.70 
1.70 
1.70 
1.76 
1.76 
1.75 
1.75 
1.70 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.75 
1.75 
1.70 
1.70 
1.75 
1.75 
1.75 
1.70 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70   ' 

3 

L65 

4 

1.65 

5 

1.66   1 

6 

L60   1 

7 

1.60 

8 

l.fr^ 

9 

1.65 

10 

L6& 
1.65 
L65 
1.70 
1.70 
1.65 
1.65 
1.70 
1.70 
L65 
1.60 
LS5 
LS5 
LSD 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1.S0 

26 

1.S0 

26 

1.50   ' 

27 

1.65   ' 

28 

1.60 

29 

1.55   i 

30 

l.GO   , 

31 

1  65   ' 

^OISE   RIVER  AT  BOISE,   IDAHO. 

This  river  drains  a  mountainous  and  well- wooded  country  in  Elmore 
County,  Idaho.  The  effects  of  the  forests  are  shown  in  the  high  flow 
that  is  maintained  throughout  the  summer  season,  in  contrast  to  the 
discharge  of  Weiser  River  farther  to  the  west,  which  drains  a  more 
barren  country.  Below  the  gaging  station,  which  is  located  in  the 
canyon,  a  large  number  of  canals  divert  water  to  irrigate  lands  in 
Boise  Valley.  These  diversions  are  now  carried  to  such  an  extent  tiiat 
frequent  complaint  of  the  scarcity  of  water  is  heard.  It  is  estimaU^d 
that  13,000  acres  of  land  are  irrigated  by  canals  from  Boise  River. 
The  station,  established  December  15,  1894,  is  located  about  9  miles 
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above  Boise,  Idaho,  at  the  mouth  of  the  canyon.  June  17,  1897,  the 
present  rod  was  placed,  consisting  of  an  inclined  timber  firmly  attached 
to  a  Cottonwood  tree.  Bench  mark  No.  1  is  a  20-penny  spike  in  the 
upstream  face  of  the  6  by  8  cable  support,  about  2  feet  above  the 
ground,  and  is  at  an  elevation  of  16  feet  above  gage  datum.  Bench 
mark  No.  2  consists  of  two  spikes  in  the  same  post,  at  a  height  of  14 
feet  above  gage  datum.  The  equipment  consists  of  a  cable  and  car. 
At  ordinary  stages  the  channel  is  straight  both  above  and  below  the 
station.  The  banks  are  high  and  not  liable  to  overflow.  About  300 
feet  below  the  cable  is  a  gravel  bar  reducing  the  width  of  the  river  in 
low  water  to  about  one-third  of  the  channel,  and  forcing  the  entire 
flow  against  the  south  bank.  The  channel  is  liable  to  change  during 
extreme  high  floods.  The  results  of  measurements  may  be  found  as 
follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  342;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  463;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  483.  The  following  discharge  measurements 
were  made  by  F.  S.  Shirley  and  N.  S.  Dils  during  1899: 

Discharge  TneasuremenUi  of  Boise  River  at  BoisCy  Idafio. 

1899. 


Date. 

Gage 
hei^t. 

Discharge. 

Date. 

Gage 
hei^t. 

Discharge. 

March  24 

JPeet. 
1.90 
2.70 
5.10 
5.10 

Sectmdrfeet. 

i,m 

8,418 

9,927 

10,711 

July  11 

4.30 
2.00 
1.56 
1.20 

Second-feet. 

2|054 
1,583 
1,105 

April  4 

AturUBt  2 

May  16 

August  26 

May  28 

September  14 

Daily  gage  height^  in  feel,  of  Boise  River  at  Boise,  Idaho,  for  1899. 


Day. 


Jan. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

U 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

90 

81 


2.80 
2.80 
2.80 
2.80 
2.80 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.00 
1.60 
1.40 
1.30 
1.80 


Feb. 


1.80 
1.80 
1.20 
1.20 
1.30 
1.30 
1.20 
1.40 
1.60 
1.90 
1.60 
1.60 
1.60 
1.40 
1.50 
1.50 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.40 
1.80 
1.30 
1.40 
1.50 
1.60 


Mar. 


1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.60 
1.90 
2.00 
2.00 
1.80 
1.80 
1.90 
2.90 
2.05 
2.80 
2.40 
2.40 
2.40 
2.30 


Apr. 


2.40 
2.60 
2.60 
2.60 
2.90 
2.90 
2.90 
3.80 
3.70 
4.20 
4.40 
4.60 
4.55 
4.35 
4.80 
5.10 
4.65 
4.70 
4.20 
4.10 
4.10 
4.50 
5.80 
5.90 
5.40 
5.50 
4.80 
4.50 
4.30 
4.10 


May. 


8.90 
8.60 
8.50 
3.40 
3.60 
3.80 
4.80 
5.00 
6.00 
7.50 
7.00 
6.20 
6.00 
5.80 
5.40 
5.10 
5.00 
4.80 
4.40 
4.80 
4.30 
1.60 
4.80 
5.00 
5.30 
5.00 
4.80 
5.15 
5.20 
5.40 
5.30 


June. 


5.10 
5.20 
5.80 
6.10 
6.10 
5.40 
5.20 
5.20 
5.00 
5.10 
5.50 
6.10 
5.10 
5.40 
5.20 
5.40 
6.10 
6.70 
7.00 
7.40 
6.40 
5.40 
5.20 
5.60 
5.60 
5.40 
5.20 
5.40 
5.65 
5.40 


July. 


5.40 
5.10 
5.10 
5.00 
4.70 
4.50 
4.45 
4.60 
4.45 
4.40 
4.30 
4.20 
4.10 
8.90 
8.70 
3.50 
3.40 
8.80 
8.25 
3.10 
3.10 
2.90 
2.80 
2.50 
2.50 
2.40 
2.80 
2.80 
2.20 
2.25 
2.20 


Aug. 


2.20 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.20 
2.00 
1.90 
1.90 
1.75 
1.70 
1.70 
l.TO 
1.70 
1.60 
1.55 
1.60 
1.70 
1.80 
1.80 
1.70 
1.60 
1.50 
i:45 
1.80 
1.30 
1.20 
1.20 


Sept. 


1.40 
1.40 
1.40 
1.40 
1.35 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.80 
1.85 
1.25 
1.20 
1.20 
1.20 
1.20 
1.15 
1.16 
1.15 
1.15 
1.10 
1.10 
1.10 
1.10 
1.10 


Oct. 


1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.15 
1.15 
1.15 
1.15 
1.20 
1.20 
1.25 
1.25 
1.25 
1.80 
1.60 
1.85 
2.00 
2.20 
2.00 
1.90 
1.80 
1.60 
1.60 
1.50 
1.60 
1.60 
1.60 
1.40 


Nov. 


1.40 
1.40 
1.30 
1.40 
1.40 
1.40 
1.40 
1.50 
1.45 
1.40 
1.56 
1.75 
1.80 
1.70 
1.60 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 
1.50 
1.80 
2.00 


Dec. 


2.00 
1.70 
1.56 
1.35 
1.30 
1.80 
1.40 
1.40 
1.50 
1.60 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.60 
1.60 
1.80 
1.80 
1.60 
1.60 
1.60 
1.80 
1.60 
1.60 
1.60 
1.80 
1.80 
1.60 
1.80 
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A  series  of  measurements  of  Boise  River  and  canals  taking  water 
from  it  were  made  by  N.  S.  Dils  September  12  to  16,  1899.  The 
route  followed  was  similar  to  that  taken  by  Cyrus  C.  Babb,  as  noted 
in  the  Twentieth  Annual,  Part  IV,  page  484.  The  following  list  gives 
the  localities,  together  with  the  results  obtained: 

Discharge  mfogtiremerUs  of  canals  in  Boise  Valley y  Idaho, 

1899. 


Date. 


Sept.  12... 
Sept.  12.. 
Sept  12.. 

Sept.  12.. 
Sept  12... 
Sept  12... 
Sept  12.. 
Sept  12.- 
Septl2.. 
Sept  13.. 
Sept  13.. 
Sept  13.- 
8eptl3.. 
Sept  13.. 
Sept  13.. 
Sept  13.- 
Septl3.. 
Sept  13. - 
Sept  13.- 
SeptU.. 
Sept  14.. 
Sept  14. . 
Sept  14.. 

Sept  14.. 
Sept  14.- 
Septl4.. 
Sept  15.. 
Sept  15.- 
Septl5.. 

Sept  15. . 

Sept  15.. 
Sept  15.. 
Sept  16.- 
Septl5.. 
Sept  15. - 
Sept  15-- 
Sept.l5.. 
Sept  15. - 
Sept  16.- 
Septie.. 
Sept  16. . 
Sept  16.  - 
Sept  16.- 
Septl6.. 
Sept  16.. 
Sept  16.. 
Sept  16.. 
Sept  16.. 


Canal. 


Sebree 

SeitenbeiiS  slough 
Boise  Kiver 


Riverside  canal 

Waste  east  of  Caldwell 

Waste  Tenmile 

Strahorn  canal 

Four  small  wastes 

Boise  River 

Waste  south  of  Star 

Waste  south  of  Star  bridge. 

Eureka  canal 

Phyllis  canal 

Settlers  canal 

McCarty  canal 

Davis  canal 

Waste  Rossi 

Payne  canal 

Rossi  canal 

Perault  canal 

Ellis  canal 

Perault  canal  ^ 

Boise  River 


Locality. 


Ck)6tin  canal 

Ridenbaugh  canal. 

Jacobs  canal 

Waste  Carline 

farmers  Union... 
Waste 


Waste 


Dry  Creek  canal 

Union  canal 

Ballentine  canal 

Waste  Dry  Creek 

Waste 

Cassiday  canal 

Middleton  canal 

Swallew  &  McDowell 

Catlin  &  Macey 

Aitken 

Conway  &  Aitken 

Davis  A  Hart 

Middleton  Mill  slough 

Pioneer  canal 

Middleton  Water  Company 
Waste  West  Middleton . . . . 
Waste  West  Middleton . . . . 
Waste  East  Middleton 


Near  head 

Near  head 

300  feet  below  Caldwell 
bridge. 

Near  head 

Near  river 

Near  river 

Near  head 

Near  river 

Star  bridge 

Near  river 

Near  river 

Near  head 

Near  head;  dry 

Near  head , 

Near  head 

Near  head 

Near  river 

Near  head 

Below  waste  gate 

Below  mill 

Near  head 

Below  waste  gate 

United  States  Geological 
Survey  gaging  station. 

Near  h^Euf 

Near  head 

Near  head 

Main  street  bridge 

Near  head 

One-half  mile  below  Sol- 
diers' Home. 

Two  miles  below  Soldiers* 
Home. 

Near  head 

Near  head;  dry 

Near  head;  dry 

Near  river 

Near  head;  Cassiday 

Near  head;  dry 

Near  head 

Near  head 

Eagle  Island 

Eagle  Island 

Eagle.  Island 

Eagle  Island 

Near  head 

Near  head 

Near  head 

Willow  Creek 

Near  river 

Near  river -..., 


Dischar^. 


Seeond-/cct. 
198 
47 
439 

10 
7 

:« 

49 

2 

486 

22 
o 

47 


52 
11 
20 
43 

5 
51 
25 

3 

88 

1,105 

3 

356 

43 

29 

47 


23 


2 
3 


S4 

8 

14 


i 

14 
3 

32 

13 
1 

17 


^  Perault  abore  mill  ieeda  Peiaalt  below  mill  and  waste  flows  into  Ellis  canaL 
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BUMMABY. 

Seoond-feet. 

In  river  at  Star  bridg;e 486 

Taken  out  by  canals  above  Star 891 

1,377 

In  river  above  canals 1,105 

Return  water  above  Star 91 

1,196 

Gain , 181 

In  river  at  Caldwell 439 

Taken  out  by  canals 1, 227 

1,666 

In  river  above  canals 1, 105 

Return  water :..  192 

1,297 

Gain  34  miles 369 

Gain  per  mile,  1899 11 

Gain  per  mile,  1898 8 

Increase 3 

PAYETTE  RIVER  AT  PAYETTE,  IDAHO. 

This  river  drains  a  well-wooded  mountainous  area  similar  to  the 
basin  of  the  Boise.  The  effect  of  the  forest  is  shown  in  the  well- 
sustained  summer  flow.  Systematic  measurements  were  formerly 
made  on  this  river,  but  owing  to  the  excess  of  water  above  the  needs 
of  the  irrigators,  this  station  is  not  now  maintained.  September  10, 
1899,  a  measurement  at  Payette  by  N.  S.  Dils  showed  a  discharge  of 
1,677  second-feet. 


WEISER    RIVER  AT  WEISER,    IDAHO. 

The  drainage  basin  of  this  river  is  mountainous  and  rocky,  in  con- 
trast to  the  well-wooded  areas  of  the  Boise  and  Payette  basins,  and 
the  effect  is  shown  in  the  high  flood  discharges  and  low  summer  flow. 
A  number  of  small  ditches  utilize  considerable  water  from  this  river, 
but  the  principal  canal  is  the  Galloway  canal,  which  irrigates  lands 
north  of  Weiser.  Above  this  canal  is  a  bench  country  susceptible 
of  cultivation  if  water  could  be  brought  to  it.  The  gaging  station, 
established  December  6,  1894,  is  located  in  the  canyon  of  the  river, 
about  10  miles  from  Weiser.  The  gage  rod  which  was  set  in  1898 
was  covered  during  the  process  of  grading  for  the  roadbed  of  the 
new  Pacific  and  Idaho  Northern  railroad,  which  is  a  line  intended 
to  run  from  Weiser  to  the  mining  country  in  the  mountainous  district 
to  the  north.    The  new  gage,  located  on  October  31,  1899, 100  feet 
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above  the  old  one,  in  incliued  and  bolted  to  a  rock  bluff;  1.15  feet 
along  the  gage  equals  one  foot  in  elevation.  The  bench  mark  consists 
of  a  cross  cut  in  the  top  of  the  lava  rim  rock  above  the  gage,  and  is  at 
an  elevation  of  12.90  feet.  The  elevation  of  the  zero  of  the  gage  taken 
from  the  levels  of  the  railroad  is  2,191.34  feet  above  sea  level.  Dis- 
charge measurements  are  made  from  a  cable  and  car  about  300  feet 
below  the  gage.  Both  banks  are  high  and  not  liable  to  overflow.  The 
bed  of  the  river  is  of  gravel  and  not  susceptible  to  change.  The  results 
of  measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  353;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  457;  1898,  Twentieth  Annual  Report,  Part  IV,  page  488.  The 
following  discharge  measurements  were  made  by  F.  S.  Shirley  and 
N.  S.  Dils  in  1899: 

March  22,  gage  height,  3.80  feet;  discharge,  2,822  eecond-feet. 
April  16,  gage  height,  4.70  feet;  dischax^ge,  3,831  seoond-feet 
May  18,  gage  height,  4.20  feet;  dischai^,  3,092  second-feet 
May  29,  gage  height,  4  feet;  dischai^,  2,839  second-feet 
Jul>  8,  gage  height,  2.40  feet;  discharge,  1,195  second-feet 
September  9,  gage  height,  0.75  foot;  discharge,  145  second-feet. 

Daily  gage  height,  in  feet,  of  Weiaer  River  at  Weiser,  Idaho,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

0.80 
.80 
.80 
•80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.50 
.60 
.50 

OcL 

Nov. 

Dec. 

1 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.40 
2.60 
3.60 
3.90 
4.40 
5.00 
5.60 
5.00 
8.60 
8.00 
2.60 
2.20 
2.20 
1.70 

1.60 
1.50 
1.60 
1.80 
1.90 
2.00 
1.80 
1.70 
1.60 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.46 
1.60 
1.65 
1.70 
1.70 
1.70 
1.60 
1.60 
1.70 
1.80 
1.90 

2.10 
2.20 
2.80 
2.40 
2.80 
2.30 
2.40 
2.50 
2.60 
2,70 
2.80 
2.60 
2.60 
2.70 
2.80 
3.00 
4.70 
4.80 
4.60 
4.60 
4.20 
8.80 
8.70 
6.85 
6.40 
6.80 
6.80 
4.90 
4.80 
5.20 
5.00 

5.00 
5.00 
5.10 
5.00 
5.00 
5.10 
5.00 
4.90 
5.06 
5.15 
5.10 
5.20 
5.60 
5.30 
4.70 
4.70 
4.90 
4.60 
4.80 
4.10 
4.00 
4.80 
4.20 
4.00 
4.60 
4.60 
4.00 
8.80 
3.80 
8.70 

8.80 
8.40 
8.20 
8.05 
3.00 
8.15 
8.70 
4.40 
4.90 
5.15 
5.30 
5.20 
5.20 
4.70 
4.40 
4.00 
8.80 
3.70 
3.60 
8.60 
3.60 
8.60 
3.70 
4.00 
4.80 
4.80 
4.20 
4.20 
4.00 
4.00 
4.05 

4.10 
4.80 
4.70 
4.90 
4.60 
4.80 
4.00 
3.80 
3.80 
3.90 
4.00 
4.10 
4.20 
4.20 
4.30 
4.30 
4.30 
4.40 
4.60 
4.60 
4.50 
4.10 
3.80 
8.80 
8.70 
8.70 
3.60 
3.50 
8.40 
3.80 

3.20 
8.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.40 
2.80 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.90 
2.90 
2.80 
1.80 
1.70 
1.70 
1.60 
1.60 
1.50 
1.60 
1.40 
1.40 
1.40 
1.30 
1.80 
1.30 

1.20 

1.20 

1.20 

1.10 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

0.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.80 

.80 

.90 

1.00 

1.20 

1.80 

1.40 

1.40 

1.30 

1.30 

1.20 

1.20 

1.2D 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.50 

1.60 

1.70 

1.90 

2.00 

2.00 

1.90 

1.80 

1.70 

1.60 

1.60  ; 

1.60 

1.70 

1.70  1 

l.HO 

1.90 

2.00 

2.50 

2.80 

3.00  • 

4.10  ' 

4.20 

4.30 

1 

2.40    1 

2 

2.90 

3 

2.20 

4 

2.10 

6 

2.00 

6 

7 

■ 

8 

9 

10 

U 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

1 

29 

' 

30 

31 

........ 

1 

River  frosen;  closed  for  winter  December  5. 


PALOUSE   RIVER  AT   HOOPER,    WASHINGTON. 

The  headwater  tributaries  of  this  river  have  their  sources  in 
western  Idaho,  adjoining  the  headwater  streams  of  Potlatch  River,  a 
tributary  of  Clearwater  Kiver.     After  passing  into  Washington  they 


WA8HIKGT0N. 


361 


unite  to  foiiu  the  main  Palouse,  which  has  a  general  southwesterly 
direction,  passing  through  a  rolling  country.  Six  miles  below  Hooper, 
Washington,  the  river  bends  suddenly  southward  and  enters  its  canyon, 
through  which  it  continues  until  its  junction  with  Snake  River.  For 
some  distance  above  Hooper  the  river  consists  of  a  succession  of  deep 
pools,  from  10  to  15  feet  in  depth,  connected  by  short  riffles.  Its  valley 
is  about  one-half  mile  in  width  and  bordered  with  basaltic  cliffs  approx- 
imately 300  feet  in  height.  A  short  distance  above  the  mouth  of  the 
river  are  the  Palouse  Falls,  which  are  approximately  130  feet  in  height. 
The  measurements  of  Palouse  River  are  of  value  in  showing  the 
amount  of  water  that  could  be  utilized  for  irrigation  on  the  lands  of 
Washtucna  Valley  and  in  the  section  north  of  Pasco.  The  gaging 
station,  established  September  9, 1897,  is  located  near  Hooper,  opposite 
the  water  tank  of  the  railroad  company.  It  is  about  3  miles  above  the 
mouth  of  Cow  Creek  and  2  miles  below  the  head  of  the  ditch  of 
the  Palouse  Irrigation  Company,  which  carries,  when  full,  25  second- 
feet.  The  rod  is  inclined  and  fastened  to  posts  driven  into  the  right 
bank.  The  bench  mark  is  a  point  of  rock,  marked  with  red  paint,  on 
the  left  bank  of  the  river,  opposite  the  gage,  and  its  elevation  is  7.60 
feet  above  gage  datum.  The  channel  is  gravel  and  not  liable  to  change. 
The  left  bank  is  high  and  can  not  overflow,  but  the  right  bank 
overflows  at  extreme  high  water.  The  results  of  measurements  may 
be  found  as  follows:  1897,  Nineteenth  Annual  Report,  Part  IV,  page 
460;  1898,  Twentieth  Annual  Report,  Part  IV,  page  489.  No  meas- 
urements of  discharge  were  made  at  this  point  in  1899. 

DaUy  gage  heighl,  in  fed,  of  Palouse  River  at  Hooper ,  Washington,  for  1899. 


Day. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 

Feb. 

Mar. 
4.70 

Apr. 

May. 
5.40 

Jane. 

July. 

Aug. 

Sept. 

Oct. 
1.50 

Nov. 
2.10 

Dec. 

2.70 

5.80 

5.10 

8.45 

2.25 

1.60 

1.60 

4.40 

2.60 

5.20 

6.45 

5.00 

5.40 

8.85 

2.80 

1.60 

1.60 

1.60 

2.05 

5.00 

2.60 

4.70 

6.80 

5.80 

5.25 

8.80 

2.85 

1.55 

1.60 

1.50 

2.05 

5.50 

2.60 

4.80 

5.90 

5.80 

4.90 

8.25 

2.80 

1.55 

1.60 

1.60 

2.00 

5.80 

2.55 

4.00 

5.40 

5.45 

4.50 

8.80 

2.25 

1.55 

1.60 

1.50 

1.95 

5.50 

2.80 

4.00 

5.25 

6.80 

4.80 

8.85 

2.25 

1.50 

1.65 

1.50 

1.96 

4.70 

2.10 

8.90 

5.10 

5.20 

4.20 

8.40 

2.20 

1.50 

1.60 

1.60 

1.95 

4.80 

2.80 

8.80 

5.45 

5.20 

4.40 

8.20 

2.20 

1.45 

1.60 

1.50 

1.90 

4.10 

2.45 

3.80 

5.80 

5.60 

4.90 

8.10 

2.15 

1.45 

1.60 

l.fiO 

1.90 

8.90 

2.50 

3.90 

6.40 

5.85 

5.65 

8.00 

2.10 

1.45 

1.65 

1.50 

1.95 

8.90 

2.55 

4.20 

6.50 

6.85 

5.K> 

2.80 

1.95 

1.40 

1.70 

1.60 

1.95 

8.90 

2.55 

3.90 

5.90 

6.85 

5.90 

2.70 

1.80 

1.40 

1.70 

1.50 

1.95 

3.90 

2.50 

8.90 

5.70 

7.65 

5.55 

2.70 

1.75 

1.40 

1.65 

1.60 

1.95 

8.80 

2.60 

3.90 

5.45 

9.65 

5.20 

2.80 

1.75 

1.40 

1.65 

1.60 

2.00 

4.05 

2.80 

5.15 

5.15 

8.75 

4.90 

2.80 

1.70 

1.40 

1.65 

1.60 

2.00 

8.90 

4.10 

7.80 

5.00 

7.80 

4.40 

2.65 

1.70 

1.45 

1.65 

1.50 

2.05 

8.65 

8.90 

8.10 

4.80 

6.50 

4.15 

2.55 

1.95 

1.45 

1.60 

1.55 

2.10 

8.50 

5.60 

8.15 

5.40 

6.60 

4.00 

2.45 

1.90 

1.40 

1.60 

1.60 

2.16 

3.40 

6.40 

8.00 

5.10 

7.00 

4.05 

2.85 

1.80 

1.60 

1.65 

1.65 

2.15 

3.80 

6.45 

7.90 

4.90 

6.70 

4.00 

2.85 

1.66 

1.60 

1.70 

1.80 

2.15 

8.10 

6.55 

7.60 

4.85 

6.40 

3.90 

2.25 

1.60 

1.55 

1.65 

2.05 

2.20 

8.85 

7.55 

7.00 

5.25 

5.80 

8.85 

2.25 

1.60 

1.65 

1.60 

2.80 

3.15 

8.40 

8.00 

6.50 

5.00 

5.65 

8.80 

2.25 

1.65 

1.65 

1.60 

';t.80 

3.10 

8.60 

8.60 

5.80 

5.15 

5.80 

3.65 

2.20 

1.60 

1.60 

1.60 

2.60 

2.90 

4.70 

7.70 

5.00 

5.70 

5.60 

8.70 

2.20 

1.40 

1.60 

1.60 

2.40 

2.90 

5.00 

7.10 

4.70 

6.45 

5.40 

8.85 

2.20 

1.45 

1.55 

1.55 

2.30 

2.70 

5.20 

6.50 

4.50 

5.10 

5.86 

4.00 

2.15 

1.60 

1.60 

1.55 

2.80 

2.60 

5.00 

6.80 

4.60 

4.80 

6.00 

4.00 

2.15 

1.60 

1.55 

1.55 

2.25 

2.70 

4.80 

6.05 

4.70 

6.20 

8.80 

2.15 

1.60 

1.60 

1.55 

2.20 

2.85 

4.60 

5.90 

4.80 

5.90 

8.60 

2.20 

1.60 

1.66 

l.fiO 

2.10 

8.60 

4.40 

5.70 

5.00 

8.45 

1.60 

1.65 

2.10 

4.10 
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BLACKFOOT  RIVER  AT   BONNER,    MONTANA. 

This  river  has  it8  source  on  the  western  slope  of  the  main  divide  of 
the  Rocky  Mountains  in  Deerlodge  County.     Its  drainage  basin  is 
mountainous  and  well  wooded,  and  little  cultivation  is  possible  within 
the  area.    The  Cleai*water  Lakes  near  the  head  serve  as  a  reservoir, 
giving  the  stream  a  relatively  constant  flow.    The  principal  industrial 
applications  of  the  river  are  found  near  its  mouth,  where  the  water 
can  be  used  for  power  purposes  as  well  as  for  the  irrigation  of  the 
adjacent  lands.     Measurements  at  this  point  are  affected  to  a  certain 
extent  by  the  dam  of  the  Big  Blackf oot  Milling  Company,  which  is 
located  about  1,000  yards  above  the  station,  and  which  furnishes  water 
for  the  mills  and  electric-power  stations.     The  opening  and  closing  of 
the  flood  gates  of  the  dam  cause  abrupt  changes  in  the  recorded  gage 
heights.     The  station,  established  July  7, 1898,  is  located  at  the  wagon 
bridge  one-half  mile  west  of  Bonner  and  6  miles  east  of  Afissoula. 
The  rod  of  the  wire  gage  is  fastened  to  the  upper  side  of  the  bridge. 
Bench  mark  No.  1,  established  by  the  Topographic  Division  of  the 
United  States  Geological  Survey,  is  a  cross  cut  by  a  chisel  on  the  top 
and  northeast  comer  of  the  northeast  buttress  of  the  Northern  Pacific 
railway  bridge  over  Big  Blackfoot  River  near  Bonner,  and  is  at  an 
elevation  above  sea  of  3,290.298  feet.     Bench  mark  No.  2  is  a  i<^rula- 
tion  United  States  Geological  Survey  iron  post  on  the  east  side  of  the 
river,  10  yards  south  of  the  highway  and  20  yards  north  of  Mr. 
McCormick's  house,  outside  of  dooryard  fence,  and  at  an  elevation 
of  3,246.038  feet.     The  elevation  of  the  axle  of  the  pulley  of  the  wire 
gage  is  8,251.678  feet.     The  length  of  the  wire  gage  is  22.75  feet. 
This  gage  was  verified  June  10,  1899,  and  September  8,  1899,  when  a 
stretch  of  the  cable  or  a  movement  of  the  index  of  0.55  foot  was 
found  to  have  occurred.    The  results  of  measurements  for  1898  mav 
be  found  in  the  Twentieth  Annual  Report,  Part  IV,  page  491.     The 
following  measurements  of  discharge  for  1899  were  made  under  the 
direction  of  F.  D.  Smith: 

Discharge  measurements  of  Blackf ool  River  al  Banner,  Montana. 

1899. 


Date. 


Ga^e 
leifrht. 


heig 


January  28 
Aprils.... 
MAyl3  .... 
June  12.... 
June  20.... 


FeeL 
1.20 
2.58 
6.30 
7.40 
8.70 


Dischai^e. 


Second-fed. 

1,026 

2,420 

9,268 

18.878 

17,824 


Date. 


July  17 

July  29 

August  25... 
September  8 
October  21.. 


Oage 
height 


4.10 
2.68 
1.65 
1.17 
1.05 


Dischaif^e. 


SeamtlJioeL 
4,dl2 
2,848 
1,578 
1.285 
1,188 
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Daily  gage  height,  in  feet,  of  Blackfool  Hirer  at  Banner^  Montana,  for  1899. 


1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
SO. 
81. 


pHy. 


Jan. 


0.65 
.60 
.85 
.70 
.75 

1.00 

1.06 
.95 
.90 

1.00 


Feb. 


0.76 


.90 

.65 

1.65 


Mar. 


1.65 
1.40 
.85 
1.10 
.85 
.85 
.60 
.50 
.55 
.45 
.50 
.60 
.50 
.55 
.40 
.55 
.25 
.35 
.30 
.25 
.35 
.35 
.40 
.20 
.80 
.15 
.20 
.30 
.20 


Apr. 


0.25 

.20 

.20 

.35 

.45 

.60 

.80 

.80 

1.10 

2.90 

8.35 

8.65 

4.80 

3.95 

3.10 

3.05 

2.75 

2.65 

2.55 

2.25 

2.45 

2.67 

2.80 

2.45 

2.45 

8.05 

3.25 

8.05 

2.80 

2.60 


May. 


2.45 
2.85 
2.35 
2.25 
2.80 
2.55 
3.00 
3.45 
4.10 
5.00 
5.80 
5.55 
5.35 
5.25 
4.95 
4.70 
4.70 
4.70 
4.85 
4.80 
4.85 
4.85 
5.05 
5.25 
6.20 
7.10 
7.65 
7.60 
7.10 
7.25 
7.00 


June. 


6.90 
6.90 
7.50 
8.00 
8.85 
8.00 
7.35 
6.75 
6.80 
6.15 
6.56 
7.56 
7.55 
7.20 
6.80 
6.80 
7.25 
7.85 
8.55 
8.70 
8.45 
7.75 
7.10 
6.80 
6.65 
6.95 
7.10 
6.65 
6.55 
6.80 


July. 


6.65 
6.35 
6.10 
6.00 
5.85 
5.60 
5.40 
5.35 
5.35 
5.36 
5.25 
5.05 
4.90 
4.65 
4.40 
4.80 
4.10 
4.00 
3.86 
3.90 
3.75 
3.55 
3.56 
3.25 
3.10 
3.05 
2.80 
2.76 
2.70 
2.70 
2.65 


Aug. 


2.65 
2.50 
2.40 
2.35 
2.a'> 
2.30 
2.25 
2.20 
2.20 
2.15 
2.15 
2.10 
2.00 
1.95 
1.85 
1.80 
1.85 
1.80 
1.75 
1.75 
1.75 
1.75 
1.96 
1.80 
1.70 
1.65 
1.65 
1.70 
1.65 
1.45 
1.46 


Sept.    CK*t. 


1.40 
1.85 
1.45 
1.50 
1.40 
1.40 
1.35 
1.35 
1.36 
1.30 
1.25 
1.20 
1.25 
1.40 
1.80 
1.20 
1.15 
1.10 
1.15 
1.80 
1.10 
1.06 
1.00 

.90 
1.10 
1.00 
1.05 
1.00 
1.06 

.90 


1.00 

.95 

.95 

1.00 

.75 

.90 

.85 

.85 

.85 

.90 

1.00 

.85 

.90 

.80 

.90 

.90 

.95 

.96 

.90 

.95 

1.15 

1.00 

1.00 

1.05 

.96 

1.00 

.95 

.95 

.95 

.95 

1.00 


Nov. 


0.96 

1.00 
.90 
.90 

1.15 
.96 
.95 
.95 
.90 
.90 
.90 
.95 
.95 
.95 
.95 
.96 
.95 
.85 

1.26 
.90 
.90 
.95 
.90 
.80 
.95 

1.06 
.96 
.86 
.90 
.80 


Dec 


0.95 
1.45 
.80 
.70 
.90 
.70 
.85 
.85 
.85 
.65 
.70 
.75 
.70 
.75 
.60 
.55 
.50 
.75 
.90 
1.00 
.85 
.  96 
.85 
1.15 
1.10 
1.15 
.95 
.75 
.50 
.55 
.70 


RATTLESNAKE   CREEK   AT  MISSOULA,   MONTANA. 

This  is  a  stream  having  its  source  north  of  Missoula  and  draining  a 
small  extent  of  country.     It  enters  Missoula  River  in  the  city  of  Mis- 
soula.    The  most  important  application  of  this  stream  is  by  the  Mis- 
soula waterworks,  for  the  water  supply  of  the  city  of  Missoula.    About 
15  second-feet  are  used  for  this  purpose.     Twelve  ditches,  with  a 
capacity  of  from  1  to  10  second-feet  each,  divert  water  from  the  creek 
and  irrigate  lands  in  Rattlesnake  Valley  and  in  the  vicinity  of  Missoula. 
Another  ditch,  with  a  capacity  of  20  second-feet,  diverts  water  from 
the  mouth  of  the  stream  and  is  used  for  power  purposes  in  a  cabinet 
shop  in  the  town  of  Missoula.     At  a  medium  stage  of  water  in  1899 
this  stream  was  carrying  108  second-feet  above  the  ditch  diversions. 
At  the  same  time  it  was  discharging  into  Missoula  River  45  second- 
feet,  the  difference,  63  second-feet,  being  used  for  power  and  irriga- 
tion purposes.     The  station  was  established  May  27, 1899,  and  is  located 
at  the  Ivy  street  bridge  in  the  center  of  the  city.     The  bench  mark  is 
the  top  of  the  capstone  of  the  stone  steps  of  the  house  owned  by 
Thomas  Greenough,  26  yards  southeast  from  the  gage  and  1.983  feet 
above  center  of  axle  of  the  pulley  of  the  gage.     Between  May  27  and 
September  7  a  stretch  of  0.15  foot  was  noticed,  and  the  records,  as 
published,  have  been  correspondingly  corrected. 
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The  following  discharge  measurements  were  made  during  1899  under 
the  direction  of  Prof.  F.  D.  Smith: 

Discharge  measuremenis  of  Ralilemake  Creek  at  Mttsoula,  M&nUmcu 

1809. 


Date. 


May  30. 
June  12 
June  17 
July  4.. 
July  12. 


Gage 
height. 


Feet. 
4.56 
6.05 
6.70 
5.00 
4.30 


Discharge. 


Seeondrfed. 

653 
1,712 
1,605 
1,097 

670 


Date. 


July28 

August  22 

September  7 . 
September  28 


Gage 
height. 


FfBd. 
3.20 
2.85 
2.85 
2.60 


Dischaii^. 


Secxmd'/eeLl 

124    I 

47    ( 


Jjtiily  giuje  height^  infeely  of  RaUlemiake  Creek  at  Mvmotihty  Montana,  for  IS99. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


May. 


5.15 
4.78 
4.45 
4.65 
4.40 


June. 

July. 

Aug. 

Sept. 

4.35 

5.00 

2.98 

2.68 

4.65 

5.13 

2.98 

2.68 

4.00 

5.08 

2.95 

2.78 

5.08 

4.96 

2.90 

2.90 

4.98 

5.00 

2.80 

2.80 

4.60 

4.78 

2.73 

2.88 

4.35 

4.70 

2.68 

2.83 

4.20 

4.70 

2.78 

2.78 

4.23 

4.70 

2.88 

2.80 

4.70 

4.58 

2.88 

2.73 

6.05 

4.50 

2.85 

2.68 

5.95 

4.38 

2.80 

2.70 

5.20 

4.90 

2.75 

2.80 

4.85 

4.18 

2.78 

2.80 

4.68 

4.10 

2.75 

2.80 

5.18 

3.96 

2.75 

2.80 

5.90 

8.80 

2.70 

2.78 

6.25 

8.83 

2.68 

2.75 

6.18 

8.73 

2.68 

2.73 

6.05 

3.63 

2.65 

2.68 

5.12 

3.60 

2.78 

2.68 

4.88 

3.60 

2.80 

2.65 

4.70 

8.58 

2.86 

2.60 

5.00 

8.43 

2.88 

2.60 

5.40 

8.40 

2.75 

2.55 

5.78 

3.36 

2.78 

2.55 

5.35 

8.83 

2.88 

2.55 

5.05 

8.23 

2.78 

2.55 

5.35 

3.13 

2.68 

2.56 

5.33 

3.08 

3.65 

2.53 

3.08 

2.68 

Oct 


2.53 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.  .55 
2.58 
2.55 
2.58 
2.58 
2.50 
2.58 
2.58 
2.65 
2.63 
2.65 
2.90 
2.96 
2.90 
2.90 
2.88 
2.88 
2.86 
2.85 
2.88 
2.90 
2.85 
2.85 


Nov. 

2.85 

2.85 

2.8S 

2.80 

2. 98 

2,75 

2.75 

2.78 

2.70 

2.75 

2.83 

2.88 

2.85 

2.80     1 

2.78    1 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.70 
2.73 
2.68 
2.65 
2.70 
i78 
2.98 
3.05 
3.08 


Dec- 


2.98 
2.» 
3.00 
3.O0 
2.» 
2.9S 
2.9g 
2.SR 
2L90 
2.88 
2.85 
2.80 
2.80 
2.73 
2.35 
2.30 

(a) 

[a) 

\aS 
la) 
2.90 
2,95 
3.05 
3.00 
2.90 
3.00 
2.S5 


a  December  17  to  23  no  readings. 


MISSOUI/A   RIVER  AT  MISSOULA,  MONTANA. 

This  river  has  its  source  in  Silverbow  County  and  flows  northerly 
until  it  receives  the  waters  of  Little  Blackfoot  River,  when  it  tskes  a 
more  northwesterly  course.  The  name  Missoula  is  usually  applied  to 
that  section  of  the  river  between  the  junction  of  Blackfoot  and  Hell- 
gate  rivers  and  the  mouth  of  Pend  Oreille  River.  The  name  usually 
applied  to  it  from  this  point  down  to  its  junction  with  Columb» 
River  is  Clark  Fork  of  the  Columbia.  The  station,  established  July 
10,  1898,  is  located  at  Higgins  avenue  bridge  in  Missoula.  The  river 
at  this  point  flows  in  two  channels,  and  in  oi'der  to  study  their  fluctu 
ations  a  second  rod  was  placed  on  the  south  channel  January  28,  lSi»*A 
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This  second  rod  is  vertical  and  attached  to  the  pier  of  the  bridge.  The 
readings  of  the  two  rods  were  made  to  correspond  on  the  date  of  the 
establishment  of  the  second  rod,  and  they. were  2.86  feet.  The 
original  rod  is  known  as  rod  No.  1,  and  the  gage  in  the  south  channel 
is  known  as  rod  No.  2.  Discharge  measurements  are  always  made 
at  the  bridge  of  the  Bitterroot  Valley  division  of  the  Northern  Pacific 
Bailway  some  distance  below  the  Higgins  avenue  bridge.  The  river 
at  this  point  is  practically  in  one  channel,  except  in  times  of  flood, 
when  some  water  finds  its  way  through  a  slough  600  feet  south  of 
the  bridge.  On  account  of  the  difficulty  of  accurately  measuring 
the  fluctuations  of  the  river  at  rods  Nos.  1  and  2  a  third  rod  was 
placed  May  27,  1899,  below  the  junction  of  the  two  branches  and 
150  yards  east  of  the  railroad  bridge.  The  rod  at  this  point  con- 
sists of  a  horizontal  20-foot  timber  bolted  to  a  cottonwood  tree  imme- 
diately below  the  buildings  of  the  Garden  City  Bottling  Works. 
The  rod  is  securely  braced  with  timbers  both  above  and  below  and 
guyed  by  wires  on  both  sides.  To  the  horizontal  timber  is  attached 
a  wire  gage,  the  length  of  which  is  22  feet.  The  bench  mark  con- 
sists of  a  United  States  Geological  Survey  iron  post,  at  the  junction 
of  McCormick  and  West  Cedar  streets,  100  yards  west  of  the  gage,  on 
the  north  side  of  the  highway.  Its  elevation  above  sea  is  3,194.642 
feet.  The  top  of  the  horizontal  bar  of  the  gage  at  a  point  exactly 
over  the  iron  bolt  which  holds  the  rod  to  the  cottonwood  tree  is 
3,178.338  feet.  The  height  of  the  river  was  read  at  the  three  rods 
during  1899,  but  observations  during  1900  will  only  be  taken  at  rod 
No.  3,  the  other  two  being  discontinued.  The  results  of  measure- 
ments for  1898  may  be  found  in  the  Twentieth  Annual  Report,  Part 
IV,  page  491.  Measurements  for  1898  and  1899  were  made  under  the 
direction  of  F.  D.  Smith  and  are  as  follows: 

Discharge  measurements  of  Missoula  River  at  Missoula^  Montana. 

1899. 


Date. 

6a«e 
height 

Discharge. 

• 

Date. 

Gage 
height. 

Discharge. 

April  22 

Fffit. 

a  4. 75 
9.60 

10.55 
8.») 
7.30 

Secondr/eet. 

6,»76 
23,295 
84,634 
17,872 

9,235 

Feet. 
5.35 
4.75 
4.15 
4.10 

SecondrfeeL 
4,KS2 
8,127 
2,492 
2,278. 

May  80 

August  24 

June  19 

September  8 

Jn1y6 

October  21 

July  14 

a  Qage  height  at  rod  No.  1.    The  other  gage  heights  were  taken  on  rod  No.  8. 
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Daily  gage  Aeiffftf,  in  feet,  of  MiMOula  Rwer  at  JViMOufa,  Moatanajor  IS99. 
IKod  Ho.  1.1 


D.r. 

j„. 

Mu. 

Apr. 

mt. 

June. 

» 

9.00 
10.10 

1S:S 

ft.  80 

II 

li 
II 

io:7j 
ft.ffi 

8.% 
B.06 
ft  SO 

ftOO 
ft  10 

Jalj. 

A=,. 

Sept. 

»l 

li 

8.00 

Is 

.40 
4.96 
4.K 

!-i 

<!oe 

!;g 

4.70 
4.19 

4. 28 
4.83 
4.  IB 

« 

IS 

S.1K 

4.U 
4.50 

a,  70 

CM 
«.40 

s!» 

«.46 

«,60 
«.» 

ft  10 

ftTB 
ftSt 

!:S 

IS 

8.80 

If 

;l 

8.71. 
B.M 

t!a 

5.00 
8.48 

li 

4!  80 

4.73 
4.88 
4.00 
4.5S 

4.40 

4.30 

4.85 
4.80 

4.S8 
4.10 
4.30 

iS 

ti 

4.00 

3.90 
S.» 

a.  70 

3.69 
8.03 

II 

8.70 

11 

3.80 

It 

K 

-t,  1 

2.30 

Is 

!.» 

3.AB 
2.«) 
2. 38 

2.U 
2-16 

2.  IS 

2.20 
2.15 
2.28 

tn 

2.tt 

11 

IS 

a.  76 

' 

Ho  reran]  lor  Febnurjr;  lc«. 


SMtlon  dInoDtliiued  October  8L 


Daily  ga^  height,  in  feet,  of  MitKmia  River  at  MiMOuia,  Mimbtiui,fatlS3i. 
{Rod  No.  2.] 


131,  l« 


SlMioii  dlKODtluued  Octobet  31. 
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Daily  gage  Iteighlf  infeet^  of  Miswula  River  at  MtnouUt^  MonUma^  for  1899. 

[Rod  No.  3.] 


i>ay. 

M*y. 

June. 

July. 

9.80 
8.95 
8.75 
8.60 
8.55 
8.83 
8.18 
8.05 
8.03 
8.00 
7.98 
7.78 
7.58 
7.88 
7.20 
6.95 
6.88 
6.70 
6.48 
6.43 
6.83 
6.23 
6.13 
5.96 
5.88 
.5.68 
5.50 
5.45 
5.45 
5.40 
5.40 

Aug. 

Sept. 

Oct. 

Nov. 

J^COa 

■     1 

9.80 

9.22 

9.60 

10.00 

10.28 

10.05 

10.38 

9.10 

8.78 

8.78 

9.88 

10.05 

10.05 

9.73 

9.48 

9.28 

9.80 

10.38 

10.55 

10.65 

10.45 

10.08 

8.95 

9.80 

9.30 

9.58 

9.65 

9.38 

9.25 

9.83 

5.40 
5.85 
6.25 
5.10 
5.06 
4.96 
4.88 
4.95 
5.06 
5.15 
5.12 
5.00 
4.90 
4.98 
4.78 
4.73 
4.65 
4.56 
4.58 
4.70 
4.65 
4.78 
4.85 
4.75 
4.65 
4.52 
4.50 
4.60 
4.48 
4.38 
4.28 

4.25 
4.28 
4.28 
4.88 
4.38 
4.25 
4.18 
4.15 
4.18 
4.10 
4.06 
4.05 
4.05 
4.05 
4.06 
4.06 
4.05 
4.00 
4.00 
8.98 
3.90 
3.90 
8.85 
8.75 
3.80 
8.78 
3.78 
8.75 
8.75 
8.75 

3.78 
8.75 
8.75 
8.75 
3.75 
3.75 
3.75 
8.75 
3.75 
8.75 
3.80 
3.80 
8.88 
8.80 
8.68 
8.88 
8.96 
8.96 
4.06 
4.10 
4.10 
4.20 
4.15 
4.18 
4.10 
4.06 
4.15 
4.05 
4.00 
3.96 
3.95 

3.96 
8.95 
3.90 
8.96 
8.95 
8.98 
3.98 
8.90 
8.95 
8.98 
8.90 
8.98 
8.98 
8.95 
3.98 
3.88 
3.88 
8.90 
8.90 
8.90 
8.95 
8.90 
8.88 
8.83 
8.75 
3.65 
8.75 
8.88 
3.98 
8.95 

8.95 
8.98 
8.88 
8.60 
8.58 
3.60 
3.60 
8.65 
8.75 
8.70 
8.70 
8.75 
8.80 
8.80 
8.80 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

18 

14 

15 

16 

17 

13 

19 

20 

22 

28 

24 

25 

26 

9.85 
9.80 
9.55 
9.55 
9.45 

28 

29 

80 

31 

BITTEKHOOT  RIVER  AT   COMO,  MONTANA. 

The  main  source  of  supply  of  this  river  is  in  the  high  mountains 
forming  the  boundary  line  between  Montana  and  Idaho.  The  gen- 
eral direction  of  the  stream  is  northerly,  entering  Missoula  River  a 
short  distance  below  the  city  of  Missoula.  The  tributaries  on  the 
east  side  drain  comparatively  low  hills  and  contribute  little  to  the 
supply  of  the  river.  The  west-side  branches,  on  the  contrary,  are 
numerous,  draining  a  precipitous  and  heavily  wooded  area.  Their 
discharges  are  regulated  by  many  small  lakes  fed  by  banks  of  snow 
which  continue  far  into  the  summer  season  before  disappearing  alto- 
gether. In  the  vicinity  of  Hamilton  are  a  number  of  large  canals,  the 
principal  ones  diverting  water  on  the  east  side  of  the  river  for  use  by 
the  Bitterroot  Stock  Farm.  The  higher  bench  lands  west  of  the  river 
are  served  by  small  ditches  taken  directly  from  the  smaller  tributaries. 
The  ranchers  on  these  bench  lands  have  within  the  last  few  years 
increased  the  summer  flow  of  their  ditches  by  the  construction  of  rude 
gates  at  the  outlets  of  a  number  of  the  lakes  on  the  headwaters  of  the 
side  streams.  This  is  done  at  the  heads  of  Canyon,  Bear,  and  Big 
creeks.  An  additional  supply  can  be  had  by  utilizing  Lake  Como. 
This  lake  is  about  1  mile  long  and  one-half  mile  wide  and  is  near  the 
mouth  of  Rock  Creek.     The  gaging  station,  established  by  Cyrus  C. 
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Babb  in  October,  1898,  is  located  at  the  Harlan  bridge  near  Como, 
and  is  9  miles  south  of  Grantsdale,  Montana.  A  wire  gage  was  placed 
on  the  downstream  hand-rail  of  the  bridge,  and  later  a  yertical  rod 
was  fastened  to  the  upstream  side  of  the  south  pier.  The  bench  mark 
is  on  a  cottonwood  tree  10  feet  west  of  the  south  end  of  the  bridge, 
and  is  at  an  elevation  of  6.10  feet  above  gage  datum.  The  right  bank 
of  the  river  is  high,  while  the  left  bank  is  low  and  liable  to  overflow. 
Gage  readings  have  not  yet  been  maintained  at  this  point,  and  but  one 
discharge  measurement  was  made  during  1899.  H.  S.  Lord,  on  Jan- 
uary 21,  1899,  at  a  gage  height  of  1  foot,  found  a  discharge  of  384 
second-feet. 

BITTEKROOT  RIVER  AT  MISSOULA,  MONTANA. 


The  fall  of  this  river  from  Hamilton  to  Missoula,  a  distance  of  48 
miles,  is  350  feet,  or  7.3  feet  to  the  mile.  The  lower  portion  of  Bitter- 
root  Valley  has  not  been  as  extensively  cultivated  as  the  section  in  the 
vicinity  of  Hamilton.  There  is  a  good  flow  of  water  in  the  river,  but 
owing  to  the  lighter  grade  of  the  lower  country  a  greater  length  of 
canal  is  necessary  than  in  the  upper  section,  and  therefore  this  latter 
district  has  been  first  developed.  The  gaging  station  is  located  at  the 
Buckhouse  wagon  bridge,  on  the  main  road  southwest  of  Missoula,  and 
was  established  July  6,  1898.  The  bench  mark  is  the  regulation  iron 
post  of  the  United  States  Geological  Survey,  set  25  yards  northwest  of 
the  bridge,  near  a  fence  at  the  side  of  the  highway,  and  is  3.801  feet  abore 
the  center  of  the  axle  of  the  gage  pulley.  The  length  of  the  gage  wire 
is  22.83  feet.  The  channel  of  the  river  is  nearly  straight.  The  right 
bank  is  low  and  liable  to  overflow,  but  the  left  bank  is  high  and  rocky. 
The  results  obtained  at  the  Buckhouse  bridge,  which  is  near  the  mouth 
of  the  river,  are  of  value  mainly  in  giving  the  total  discharge  of  the 
stream.  The  results  of  measurements  for  1898  may  be  found  in  the 
Twentieth  Annual  Report,  Part  IV,  page  495.  The  following  measure- 
ments of  discharge  were  made  under  the  direction  of  F.  D.  Smith  in 
1899: 

Discharge  measurements  of  Bitterroot  River  at  Missoula^  Montana. 

1899. 


Date. 

height 

DischAige. 

Date. 

Oage 
h^^t. 

1 
Diarharge, ; 

1 

April  29 

3.76 
5.18 
6.70 
9.00 
11.40 

Second-feet. 

8,fW 

7,405 

11,782 

20,355 

87,012 

July  17 

Feet 
7,21 
4.55 
2.78 
2.18 

1 

Semnd-ftxt,  '< 
11,569    , 

May  16 

Aniniiit  1 .  - .    

5,410 

June  10 

August  25 

2,596 

Jane  17 

October  21 .,,. 

1,810    > 

Jiin<f  20 

j 

1 

1 

MONTANA. 
iJkii^  gagt  height,  tn  (ai,  of  BUterroot  River  at  Miuouia,  Monlana,  for  1899. 


D.)f. 

J.,.. 

F.b. 

Apr. 

Ja 

11 

„ 

!S 

1-1 

:::::; 

.ao 

».«> 

kU 

9. 

SPOKANE   RIVER    AND  LAKE  C<EUR   d'aLENB. 

This  river  receiver  the  outflow  of  Lake  Coeur  d'Alene,  tbe  outlet 
being  at  the  uortbern  end  of  the  lake  near  the  town  of  Coeur  d'Alene. 
The  greater  part  of  the  lake  is  shown  on  the  topographic  atlas  sheet 
of  the  same  name.  The  bench  mark  near  the  lake  was  established  by 
Mr.  Van  H.  Manning  in  1899.  Prom  his  notes  it  appears  that  this  bench 
mark,  consisting  of  an  aluminum  tablet  in  the  southeast  corner  of  the 
Merriam  Building,  corner  of  Sherman  and  Fourth  streets,  Coeur 
d'Alene,  Idaho,  is  2  feet  above  the  sidewalk  and  1  foot  from  the  door, 
at  an  elevation  of  2,157.401  feet.  The  bench  mark  at  the  lake  con 
sists  of  a  spike  in  a  Cottonwood  tree  at  Johnsou's  boat  lauding.  This 
is  at  an  elevation  of  2,130.645  feet.  When  pbiced,  May  20,  1899,  it 
was  at  the  exact  surface  of  the  water  of  the  lake.  The  fluctuations 
of  lake  level  during  1899  are  shown  by  the  following  readings  by  Mr. 
Manning: 

""     ■"  t  of  vxU^iuTf ace  of  Late  Cieur<P Alette. 


Dim. 

ElevBtlOD. 

Fut. 

2,128.242 

ISiS 

V.m.4N 

Aogn«i(6p.in.) 
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The  level  of  the  water  in  the  lake  is  influenced  by  a  dam  at  Vo^ 
Falls,  8i  miles  below  the  outlet  of  the  lake.-  On  August  5,  at  8«30  p.  m., 
the  elevation  of  the  surface  of  the  water  at  the  dam  at  Post  Falls  was 
2,113.580  feet.  Observations  were  made  on  the  same  day,  at  5  p.  m., 
at  CcBur  d'Alene,  giving  the  elevation  of  water  surface  above  noted— 
2,122.551  feet — and  showing  a  difference  of  2.971  feet  between  the  lake 
surface  and  the  water  in  the  river  at  the  dam.  It  is  proposed  to  omin- 
tain  occasional  observations  of  the  height  of  water  at  Cceur  d^Alene. 

Fernan  Lake  is  a  small  body  of  water  2  miles  east  of  the  town  of 
Coeur  d'Alene.  A  bench  mark  has  been  established  at  the  west  end 
of  the  lake  on  a  stone  about  20  inches  by  30  inches,  20  inches  in 
diameter,  15  feet  north  of  and  200  feet  east  of  Feman's  house.  The 
cross  on  this  stone  is  at  an  elevation  of  2,133.16  feet.  The  surface  of 
the  lake  on  August  18,  1899,  was  at  a  height  of  2,129.028  feet. 

Hayden  Lake  is  east  of  Rathdrum  Prairie  and  about  6  miles  north 
of  Coeur  d' Alene.  Although  a  body  of  water  of  considerable  size  and 
receiving  drainage  from  a  mountain  area  it  has  no  visible  outlet  A 
bench  mark  has  been  placed  at  the  west  end  of  the  lake  and  consists  of 
a  nail  in  a  pine  tree  40  feet  north  of  and  200  feet  east  of  gate  to  King's 
ranch.  Its  elevation  is  2,261.495  feet.  The  surface  of  the  lake  on 
August  10,  1899,  was  2,242.764  feet;  on  August  29,  2,242.666  feet: 
on  October  10,  2,241.369  feet 

Spirit  Lake  is  a  small  body  of  water  12  miles  north  of  Rathdrum 
Prairie.  An  iron  post  marked  ^'2,490  S^'  has  been  placed  at  the  east 
end  of  the  lake,  200  feet  east  of  the  landing  and  15  feet  south  of  the 
road.  The  correct  elevation  is  2,489.993  feet  The  elevation  of- the 
lake  surface  on  September  14,  1899,  was  2,444.037  feet 

Fish  Lake  is  3  miles  north  of  Rathdrum.  An  iron  post  marked 
"2,366  S"  has  been  placed  one-fourth  of  a  mile  east  of  the  south  end 
of  the  lake  and  8  feet  east  of  the  fork  of  the  roads.  The  elevation  is 
2,365.706  feet.  The  elevation  of  lake  surface  on  September  4,  1899, 
was  2,314.016  feet.  Irrigation  of  Rathdrum  Prairie  has  been  b^un 
by  the  Spokane  Valley  Irrigation  Company. 

Pend  Oreille  Lake  is  the  source  of  Clark  Fork  of  the  Columbia. 
The  elevation  of  its  surface  on  September  22,  1899,  as  determined  bv 
Mr.  Van  H.  Manning,  was  2,055  feet. 

SPOKANE   RIVER  AT  SPOKANE,  WASHINGTON. 

The  falls  at  Spokane,  aggregating  142  feet  in  height,  have  been 
utilized  to  a  considerable  extent  by  a  number  of  flour  mills,  as  well  a> 
by  the  power  plant  of  the  Washington  Water  Power  Company,  which 
furnishes  electric  power  for  the  street-car  service  and  for  the  lighting 
of  the  city.  The  river  station  established  October  17,  1896,  is  located 
a  short  distance  above  the  falls,  at  the  bridge  of  the  Oregon  Railroad 
and  Navigation  Company.  The  length  of  the  wire  gage  is  22  feet. 
The  gage  was  connected  with  the  bench  mark  of  the  city  engineering 
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department  and  referred  to  sea  level,  the  zero  being  1,880  feet  above 
sea  level.  The  banks  are  high  and  do  not  overflow  except  in  unusual 
floods.  The  velocity  is  quite  swift,  even  at  low  stages.  The  results 
of  measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  359;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  488;  1898,  Twentieth  Annual  Report,  Part  IV,  page  511.  One 
measurement  of  discharge  was  made  here  during  1899  by  Sydney 
Arnold,  on  June  23,  when  at  a  gage  height  of  9.30  feet  a  discharge  of 
23,258  second-feet  was  found. 

Daily  gage  height^  in  feel,  of  Spokane  River  at  Spokane,  Washington,  for  1899. 


Day. 

Jan. 

Feb. 

5.50 
5.40 
5.26 
5.10 
6.00 
4.86 
4.70 
4.60 
4.60 
4.40 
4.80 
4.20 
4.10 
4.05 
4.00 
3.90 
3.90 
3.86 
8.86 
3.90 
3.96 
8.96 
8.90 
3.90 
3.90 
3.90 
3.80 
8.80 

Mar. 

8,76 
3.75 
8.76 
3.70 
3.65 
3.65 
7.60 
3.60 
8.66 
3.70 
8.80 
8.85 
3.85 
8.86 
3.85 
3.85 
8.86 
3.80 
8.70 
8.65 
8.65 
3.70 
8.70 
3.70 
3.70 
3.70 
3.65 
3.60 
3.60 
3.60 
3.65 

Apr. 

3.66 
3.70 
3.75 
3.80 
3.90 
4.00 
4.10 
4.85 
4.45 
4.85 
5.05 
6.45 
6.20 
6.90 
7.40 
7.60 
7.86 
8.00 
8.20 
8.80 
8.80 
8.25 
8.20 
8.20 
8.16 
8.16 
8.35 
8.60 
8.70 
8.70 

May. 

June. 

July. 

8.80 
8.20 
8.00 
7.80 
7.60 
7.40 
7.16 
7.05 
6.85 
6.70 
6.60 
6.40 
6.80 
6.20 
6.10 
b.\A 
5.70 
5.60 
5.26 
6.06 
4.90 
4.76 
4.66 
4.60 
4.46 
4.30 
4.20 
4.00 
3.90 
3.80 
3.75 

Aug. 

Sept. 

Oct. 

2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.95 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
2.00 
2.10 
2.20 
2.25 
2.30 
2.35 
2.36 
2.36 
2.35 
2.35 
2.40 

Nov. 

2.40 
2.40 
2.40 
2.40 
2.35 
2.86 
2.86 
2.86 
2.86 
2.36 
2.85 
2.80 
2.30 
2.80 
2.30 
2.30 
2.30 
2.80 
2.50 
2.60 
2.66 
2.80 
2.85 
2.90 
2.90 
2.90 
3.00 
3.00 
3.20 
3.50 

Dec. 

1 

2.40 
2.60 
2.60 
2.60 
2.60 
2.55 
2.56 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.85 
2.95 
3.66 
4.56 
5.20 
5.60 
5.55 
5.55 
5.66 
5.55 
5.65 
6.60 

8.66 

8.60 

8.40 

8.20 

8.00 

7.90 

7.70 

7.80 

8.05 

8.65 

9.00 

0.45 

9.90 

10.20 

10.35 

10.35 

10.20 

10.10 

10.00 

9.86 

9.70 

9.50 

9.50 

9.50 

9.70 

9.96 

10.25 

10.56 

10.80 

10.80 

10.80 

10.60 

10.56 

10.40 

10.45 

10.60 

10.70 

10.66 

10.50 

10.35 

10.10 

JO.  00 

9.85 

9.89 

9.85 

9.85 

9.75 

9.60 

9.60 

9.70 

9.74 

9.70 

9.60 

9.50 

9.40 

9.80 

9.15 

8.85 

8.65 

8.50 

8.40 

8.75 

2.40 

3.95 

2 

3.75     2.40 

4.60 

8 

8.75 
8.70 
8.70 
8.60 
8.50 
8.40 
3.80 
3.30 
3.25 
3.10 
3.00 
2.95 
2.90 
2.85 
2.85 
2.80 
2.76 
2.75 
2.75 
2.75 
2.76 
2.65 
2.60 
2.60 
2.55 
2.65 
2.66 
2.50 
2.45 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.25 
2.20 
2.20 
2.15 
2,15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 

6.00 
5.30 
6.36 

4 

5 

6 

5.40 

7 

6.35 
5.26 
6.20 
6.10 
4.90 
4.86 
4.76 
4.70 
4.65 
4.55 
4.40 
4.26 
4.10 
4.00 
8.90 
8.86 
3.80 
3.90 
4.15 
4.50 
4.75 
4.90 
4.90 
4.80 
4.70 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 

I^KE   CHELAN   AT   LAKESIDE,  WASHINGTON. 

This  lake  is  situated  in  the  north-central  part  of  Washington,  on  the 
eastern  slope  of  the  Cascade  Mountains.  The  streams  which  contrib- 
ute to  it  have  their  sources  in  the  glaciers,  and  thus  there  is  a  constant 
supply.  The  outlet  of  the  lake  is  at  the  southern  extremity,  through 
Chelan  River,  which  empties  into  Columbia  River  4  miles  below.  The 
lake  itself  is  very  deep,  a  depth  of  1,400  feet  having  been  found  by 
soundings  made  by  the  topographers  of  the  United  States  Geological 
Survey.  As  the  surface  of  the  lake  is  at  an  elevation  of  about  1,100 
feet,  this  would  show  that  the  bottom  was  about  300  feet  below  sea 
level.  The  country  surrounding  the  lower  extremity  of  this  body  of 
vi^ater  is  of  a  rolling  character  and  is  largely  used  for  gi*azing  pur- 
poses. The  gage  on  the  lake  was  established  by  Capt.  Charles  John- 
son September  I,  1897,  at  the  base  of  the  rock  pier  on  the  lake  shore 
north  of  his  house,  about  one-half  mile  from  the  steamboat  landing. 
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The  bench  mark  is  a  United  States  Geological  Survey  iron  post,  with 
the  elevation — 1,121  feet  above  sea  level — ^stamped  on  the  top.  This 
bench  mark  is  just  21  feet  above  datum  of  the  gage,  so  that  to  obtain 
the  elevation  of  the  surface  of  the  lake  above  sea  level  1,100  feet  should 
be  added  to  the  rod  readings. 

DaUy  gage  heighi^  in  feet,  of  Lake  Chelan  at  Lakeside,  Washington,  for  1S99. 


Day. 

Jan. 

Feb.    Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

7.05 
7.10 
7.20 
7  25 
7.30 
7.35 
7.40 
7.45 
7.50 
7.55 
7.56 
7.60 
7.65 
7.65 
7.70 
7.75 
7.80 
7.85 
7.90 
7.90 
7.95 
8.00 
8.00 
8.00 
7.95 
7.95 
7.90 
7.85 
7.85 
7.90 

Dec- 

1 

7.10 
7.20 
7.80 
7.85 
7.85 
7.40 
7.46 
7.46 
7.  CO 
7.50 
7.45 
7.45 
7.40 
7.45 
7.45 
7.45 
7.50 
7.50 
7.55 
7.60 
7.60 
7.60 
7.65 
7.65 
7.60 
7.60 
7.66 
7.70 
7.75 
7.75 
7.80 

7.85 
7.85 
7.80 
7.75 
7.70 
7.65 
7.60 
7.60 
7.55 
7.60 
7.60 
7.45 
7.45 
7.40 
7.85 
7.86 
7.80 
7.80 
7.80 
7.85 
7.85 
7.85 
7.80 
7.80 
7.25 
7.25 
7.80 
7.30 

7.35 
7.85 
7.80 
7.30 
7.80 
7.25 
7.26 
7.25 
7.20 
7.20 
7.15 
7.15 
7.15 
7.10 
7.10 
7.05 
7.05 
7.00 
7.00 
7.00 
6.95 
6.95 
6.90 
6.90 
6.90 
6.85 
6.85 
6.80 
6.80 
6.80 
6.85 

6.85 
6.90 
6.90 
6.90 
6.95 
6.95 
7.00 
7.00 
7.05 
7.10 
7.10 
7.15 
7.15 
7.15 
7.20 
7.20 
7.25 
7.25 
7.25 
7.25 
7.80 
730 
7.85 
7.85 
7.85 
7.40 
7.40 
7.45 
7.40 
7.40 

7.40 
7.45 
7.45 
7.45 
7.50 
7.50 
7.55 
7.65 
7.85 
8.00 
8.20 
8.30 
8.40 
&45 
8.50 
8.50 
8.55 
8.55 
8.60 
8.65 
8.70 
8.80 
8.90 
9.05 
9.30 
9.70 
9.90 
10.00 
10.00 
10.00 
10.05 

10.10 
10.10 
10.20 
10.40 
10.60 
10.65 
10.65 
10.70 
10.70 
10.75 
10.85 
11.00 
11.10 
11.15 
11.20 
11.85 
11.60 
11.65 
11.65 
11.70 
11.65 
11.60 
11.60 
11.65 
11.85 
11.75 
11.70 
11.60 
11.55 
11.60 

11.60 
11.55 
11.55 
11.60 
11.65 
11.70 
11.70 
11.60 
11.55 
11.55 
11.60 
11.60 
11.65 
11.70 
11.75 
11.75 
11.80 
11.80 
11.75 
11.70 
11.65 
11.60 
11.40 
11.80 
11.20 
11.05 
11.00 
10.95 
11.00 
11.00 
11.00 

10.90 

10.85 

10.80 

10.65 

10.60 

ia60 

10.55 

10.50 

10.40 

10.30 

10.20 

10.10 

10.05 

10.00 

•9.85 

9.75 

9.65 

9.60 

9.50 

9.40 

9.85 

9.80 

9.25 

9.10 

9.00 

8.90 

&80 

8.75 

8.70 

8.60 

8.50 

8.45 
8.40 
8.40 
8.35 
8,85 
8.30 
8.25 
8.25 
8.20 
8.15 
8.10 
8.10 
8.05 
&05 
8.00 
8.00 
7.95 
7.95 
7.90 
7.90 
7.90 
7.90 
7  85 
7.85 
7.80 
7.80 
7.80 
7.75 
7.75 
7.75 

7.70 
7.70 
7  70 
7.65 
7.65 
7.60 
7.55 
7,50 
7.50 
7.45 
7.40 
7.85 
7.30 
7.25 
7.25 
7.20 
7.15 
7.15 
7.10 
7.10 
7.05 
7.05 
700 
7.00 
7.05 
7.10 
7.10 
7.05 
7.05 
7.00 
7.00 

7.90 
7.95 
7.96 
7.96 

2 

8 

4 

5 

8.00    , 

6 

8.00 
8.05 
8.05 
8.10 

7 

8 

9 

10 

8.10    1 

11 

8.15 

12 

8.15 

18 

&20    ' 

14 

8.20    1 

15 

8l20    ' 

16 

8.25    1 

17 

8.25    1 

18 

8.20    , 

19 

8.20 

20 

8.25    ' 

21 

K&    ' 

22 

8.30 
8.30 
8.35 
8.35 
8.40 
8.40 
8.40 
&45 

28 

24 

25 

26 

27 

28 

29 

30 

8.45   1 

81 

&80    1 

i 

NACHES   RIVER  AT  NORTH   YAKIMA,    WASHINGTON. 

This  river  has  its  source  on  the  eastern  slope  of  the  Cascade  Moun- 
tains in  Yakima  County,  Washington.  It  flows  in  a  general  south- 
easterly direction,  entering  Yakima  River  a  short  distance  above  the 
town  of  North  Yakima.  Irrigation  is  practiced  in  the  naiTow  vMey 
along  the  lower  course  of  the  river,  but  its  waters  are  of  greater  value 
for  the  irrigation  of  lands  west  of  North  Yakima.  The  river  hais 
considerable  fall,  and  the  water  can  be  easily  diverted  by  mean^  of 
comparatively  short  canals.  On  this  account  it  is  of  more  value  for 
irrigation  purposes  than  Yakima  River,  which  has  less  fall.  The 
original  station  was  established  August  14,  1893,  but  was  abandoned 
in  1897.  It  was  reestablished  February  1, 1898,  and  is  now  located  near 
the  Northern  Pacific  railway  bridge  at  the  mouth  of  the  river.  Owing 
to  the  fact  that  the  wire  gage  was  removed  a  number  of  timess^n 
inclined  rod  was  established  June  20,  1899,  with  its  zero  1.64  feet 
below  the  datum  of  the  old  gage;  consequently,  all  heights  recorded 
previous  to  June  20  should  be  increased  by  this  amount  to  make  them 
agree  with  those  recorded  since  that  date.    The  bench  mark  is  the  top 
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of  the  north  end  of  the  east  sill  of  eleamnce  post,  about  150  feet  noi*th  of 
the  mlroad  bridge,  and  is  at  an  elevation  of  25.406  feet  above  datum 
of  new  gage.  The  bed  of  the  river  is  rocky  and  is  not  liable  to  change 
at  ordinary  stages,  but  during  the  excessive  floods  to  which  this  stream 
is  subject  the  section  is  liable  to  great  change.  The  results  of  measure- 
ments may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part 
IV,  page  855;  1898,  Twentieth  Annual  Report,  Part  IV,  page  503. 
The  following  discharge  measurements  were  made  by  Sydney  Arnold 
in  1899: 

^^y  4i  &^  height,  5.35  feet;  discharge,  1,S47  second-feet. 
May  12,  gage  height,  6.85  feet;  discharge,  5,434  second-feet. 
May  26,  gage  height,  7.10  feet;  discharge,  6,753  second-feet. 
July  27,  gage  height,  7.25  feet;  dischai^,  2,856  second-feet. 
August  16,  gage  height,  6.35  feet;  discharge,  1,357  second-feet. 
September  20,  gage  height,  5.70  feet;  discharge,  588  second-feet. 

Daily  gage  fieight,  in  feet,  of  Naches  River  at  North  Yakima,  Washington,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
4.60 

May. ,  June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

5.60 
5.30 
4.90 
4.80 

4.80 

5.40 
5.40 
6.40 
5.40 
6.50 
6.80 

'6.40" 
6.80 
7.20 
7.20 
7.20 
6.80 

"6.'56' 
6.40 
6.40 
6.30 
6.20 

6.80 
6.90 
6.90 

"e.'w" 

7.00 
7.00 
7.10 
7.10 
7.00 

'7.86" 

8.60 

8.56' 

8.50 

8.40 

8.40 

8.30 

8.30 

'8.80" 
8.30 
8.80 
8.40 
8.40 
8.40 

7.10 
7.00 
6.90 
6.80 
6.80 

e.'so' 

6.70 
6.60 
6.60 
6.60 
6.60 

'6.66' 
6.60 
6.40 
6.40 
6.40 
6.30 

'e'so" 

6.20 
6.20 
6.20 
6.10 
6.10 

"6.'i6' 
6.10 
6.10 
6.00 

6.00 
6.00 

'6."66" 
6.00 
6.90 
6.90 
5.80 
5.80 

"s'so* 

5.80 
5.80 
6.70 
6.70 
6.70 

'6*76* 
6.70 
5.60 
5.60 
6.60 
5.60 

"bVm 

6.60 
5.60 
5.60 
6.70 
6.80 

*6.'86' 
6.70 
5.70 
5.60 
6.60 
5.60 

"s.'eo" 

6.60 
5.60 
5.60 
5.50 
6.60 

'5.'50" 
5.50 
6.60 
5.80 
6.40 
6.80 

"e'oo" 

6.00 
6.90 
6.90 
6.00 
6.20 

'e.'oo* 

6.00 

6.90 
6.90 
5.80 
5.80 

'6.'86* 
5.90 
6.10 
6.20 
6.40 
6.60 

'6.'66' 
6.50 
7.20 
7.20 
7.10 
6.90 

*8.'i6* 
8.00 
7.60 
7.20 
7.00 
7.00 

*7."86' 
9.00 
8.90 
8.60 

8.40 
8.20 

'*7.*76"' 
7.50 
7.30 
7.20 
7.10 
6.90 

"e.'TO" 
6.60 
6.60 
6.60 
6.50 
6.50 

"efso" 

6.30 
6.20 
6.20 
7.00 
7.40 

**8.*86"" 
8.20 
8.00 
7.80 
7.60 
7.40 

2 : 

3 

4 

4.70 
4.70 
4.60 
4.40 
4.40 
4.80 

4.80 
4.70 
4.70 

-l.'eo* 

4.80 
4.90 

5 

6 

4.70 
4.70 
4.80 
5.10 
6.20 
6.20 

4.70 

4.90 

7 

8 

4.70 
4.70 
4.60 
4.60 
4.60 

5.00 
5.10 

"6.'56* 
6.60 
5.70 
5.70 
6.50 
5.50 

's.'so" 

5.40 
6.30 
5.30 
5.20 
5.20 

5.'26' 

5.30 

6.80 

5.40 

5.40 

5.60 

9 

10 

11 

12 

18 

14 

16 

4.80 
4.30 
4.20 
4.20 
4.10 
4.10 

6.10 
6.00 
5.00 
5.00 
6.00 
5.10 

4.60 
4.50 
4.40 
4.40 
4.40 
4.40 

16 

17 

4.80 
4.80 
4.40 
4.40 
4.50 
6.80 

8.40 
8.30 
8.20 
8.00 
7.80 
7.60 

'7.86' 
7.80 
7.20 
7.20 
7.30 
7.40 
7.20 

18 

19 

20 

6.00 
6.00 
6.10 
5.10 
6.00 
5.00 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

6.20  a8.85 

21 

'6.'46* 
6.40 
6.60 
6.60 
6.60 
6.60 

'eJeo' 

6.70 
6.80 

8.80 
8.70 
8.70 
8.70 

's-'to 

8.60 
8.60 
8.50 
8.60 

22 

28 

6.30 
6.10 
6.80 
5.80 
5.70 
5.70 

24 

26 

26 

27 

4.90  1  4.40 

28 

29 

4.80 

4.40 
4.60 
4.50 
4.60 

30 

81 

6.70 
5.60 

1 

1 

a  New  gage,  datum  1.64  lower  than  old  gage. 
YAKIMA  BIVER  AT  UNION  GAP,  WASHINGTON. 

This  river  has  its  source  in  Keechelus  Lake,  on  the  eastern  slope  of 
tbe  Cascade  Mountains,  in  Kittitas  County,  Washington.  In  a  short 
distance  it  receives  the  waters  of  £[achess  Lake,  and  2i  miles  above 
Cle  Elmn  it  receives  the  outlet  of  the  last  of  the  three  large  headwater 
lakes.  The  valley  of  Yakima  River  is  comparatively  narrow  until  it 
-veidens  out  in  the  vicinity  of  EUensburg,  where  considerable  irrigation 
i0  practiced.    At  the  lower  end  of  this  valley  it  enters  a  canyon  20 


374         OPERATIONS   AT  BIVES  STATIOITS,  1899. — PART  IV.        [«).». 


miles  long,  and  then  flows  into  Selah  Valley,  which  is  only  4  miles  in 
length.  At  the  lower  end  of  this  opening  the  river  passes  tiirough  a 
narrow  gap  to  enter  Yakima  Valley.  This  section  is  the  most  exten- 
sively irrigated  area  in  Washington,  and  is  served  principally  by  canals 
from  Naches  River.  Seven  miles  below  North  Yakima  the  river  passes 
through  what  is  known  as  Union  (rap,  and  thence  enters  its  lower  val- 
ley, which  extends  to  Kiona.  Yakima  River  enters  Colmnbia  River 
23  miles  below  this  point  and  just  above  the  town  of  Paaoo.  The 
gaging  station,  established  August  14,  1893,  is  located  at  Union  Gap, 
6  miles  below  North  Yakima,  Washington,  and  1,000  feet  below  the 
highway  bridge.  It  is  about  3  miles  above  the  head  gate  of  the  Sun- 
nj'side  canal.  The  gage  rod  is  inclined  and  is  attached  to  a  willow 
stump  and  posts  set  in  the  ground.  The  bench  mark  is  the  highest 
point  of  a  large  rock  mound  25  feet  north  of  the  gage  and  10  feet  east 
of  the  fence,  and  is  at  an  elevation  of  17.52  feet  above  gage  datum. 
The  equipment  consists  of  cable,  car,  and  tagged  wire.  The  station  is 
of  value  in  showing  the  amount  of  water  available  for  the  extensive 
irrigable  lauds  below.  The  results  of  measurements  may  be  found  as 
follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  358;  1897, 
Nineteenth  Annual  Report,  Part  IV,  page  479;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  500.  The  following  measurements  of  discharge 
were  made  by  Sydney  Arnold  in  1899: 

May  S,  gage  height,  8.03  feet;  diachaige,  S,500  second-feet 
August  18,  gage  height,  6  feet;  discharge,  3,777  seoond-feet 
September  16,  gage  height,  5  feet;  dischaiige,  1,730  second-feet 
October  6,  gage  height,  4.77  feet;  dischaige,  1,479  second-feet 


Daily  gage  heightf  in 

feet, 

of  Yakima  River 

ai  Union  Chp, 

WaOwngUm,  for  1899. 

Day. 

Jan. 

7.00 
6.70 
6.40 
6.00 
5.90 
5.60 
5.30 
5.30 
5.80 
5.30 
5.20 
5.20 
5.20 
5.20 
5.20 
5.30 
5.60 
5.80 
6.10 
6.30 
7.40 
8.00 
8.60 
8.00 
7.70 
8.40 
8.60 
8.40 
8.00 
7.80 
7.50 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dee. 

1 

7.20 
6.90 
6.60 
6.80 
6.90 
6.30 
6.30 
6.30 
6.30 
6.20 
6.20 
6.30 
6.30 
6.60 
6.80 
7.00 
7.30 
7.60 
7.70 

6.40 
6.40 
6.30 
6.80 
6.20 
6.20 
6.10 
6.10 
6.00 
6.00 
6.00 
5.90 
5.90 
5.90 
5.80 
5.80 
5.70 
5.70 

5.80 
5.90 
5.60 
5.60 
6.10 
6.10 
6.20 
6.90 
6.60 
6.80 
6.80 
6.70 
7.40 
7.20 
7.10 
7.00 
6.80 
6.60 
6.40 
6.80 
6.30 
6.20 
6.40 
6.60 
6.70 
6.80 
7.00 
7.10 
7.00 
7.00 



7.00 
7.10 
7.10 
6.70 
7.00 
7.20 
7.50 
8.80 
8.70 
9.30 
9.20 
9.00 
8.80 
8.70 
8.60 
8.40 
8.20 
8.10 
7.90 
7.70 
7.70 
7.60 
7.70 
8.90 
9.40 
9.40 
9.10 
9.00 
8.90 
8.90 
8.80 

8.80 
8.90 
8.90 
9.50 
9.80 
9.50 
9.00 
8.70 
8.80 
9.10 
9.40 
9.80 
10.10 
10.10 
9.90 
9.80 
9.80 
9.80 
9.70 
9.60 
9.50 
9.60 
9.40 
9.10 
9.00 
8.90 
8.70 
8.60 
8.40 
8.50 

8.40 
8.90 
8.80 
8.20 
8.20 
8.10 
8.10 
8.10 
8.00 
8.00 
8.00 
7.90 
7.90 
8.00 
8.00 
7.90 
7.85 
7.80 
7.80 
7.60 
7.50 
7.50 
7.50 
7.60 

6.70 
6.60 
6.60 
6.60 
6.60 
6.60 
6.40 
6.90 
6.20 
6.10 
6.10 
6.10 
6.00 
6.00 
6.00 
6.00 

5.60 
5.60 
5.60 
5.40 
5.40 
5.40 
5.30 
5.90 
5.90 
5.20 
5.20 
5.20 
5.10 
5.10 
5.10 
5.00 

4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4-70 
4.70 
4.70 
4.80 
4,70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.80 
4.80 
5.00 
5.60 
5.80 
5.70 
5.60 
6.60 
5.50 
5.60 

6.60 
5.40 
5.40 
6.60 
6.40 
6.40 
6.40 
6.80 
6.70 
5.70 
5.80 
6.80 
6.UU 
6.20 
6.90 
6.40 
6.40 
6.60 
6.80 

7.eo 

8.00 
7.90 
7.60 
7.40 
7.20 
7.00 
7.00 
8.00 
9.00 
6.70 

8.60 
8.90 
&00 
7.80 
7-40 
7.00 
6.80 
6.70 

2 

3 

4 :...: 

6 

6 

7....:::.:::::::: 

8 

9 

6.60 

10 

6.60    i 

11 

6.50    t 

12 

6l40 

13 

14 

15 

16 

6.90    , 
6.20    ' 
6.10    ' 
6.00    1 

17 

6.00 

5.00 

6i.90    1 

18 

6.00  1  5.00 
5.90     5.00 
5.90     5.00 
5.90     5.00 
5.80  !  5.00 

5.70    j 

19 

SlSD  ; 

20 

7.90     6.70 
7.60     5.60 
7.30     5.70 
7.10     5.60 
6.90     5.60 
6.70  ,  5.60 
6.60     5.50 
6.60     5.50 
6.60  ,  5.50 
.^  fit) 

6.40    ' 

21 

6.40    ' 

22 

&.ao  1 

23 

5.80 
5.80 

5.00 
5.00 
5.00 
4.90 

6.20    1 

24 

7.00    1 

25 

7.50 

5.70 

9.00 

26 

7.30 
7.10 
7.06 
6.90 
6.80 
6.70 

5.70 
6.70 
5.60 
5.60 
5.00 
5.50 

9.S0 

27 

4  90 

ft  lin 

9.20 
&90 
8.10 
7.70 
7.70 

28 

4.90    5.60 
4.90    5.60 
4.90    6.60 

29 

30 

31 

5.70 
5.80 

VmS^t 

WASHINGTON. 
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YAKIMA   BIVER  AT  KIONA,   WASHINGTON. 

This  station  is  located  on  the  lower  course  of  the  river,  at  the  point 
where  it  bends  northerly,  sweeping  around  a  point  of  hill  to  enter 
Columbia  River  23  miles  below.  The  station,  established  August  20, 
1895,  is  located  at  the  highway  bridge  at  Eiona.  The  length  of  the 
wire  gage  is  27.21  feet.  The  channel  of  the  river  is  straight  for  some 
distance  above  and  below.  The  banks  are  of  medium  height  and  the  bed 
is  composed  of  firm  gravel.  The  bridge  crosses  the  river  with  one  span, 
and  the  section  is  an  ideal  one  for  discharge  measurements.  The  results 
of  measurements  may  be  found  as  follows:  1896,  Eighteenth  Annual 
Report,  Part  IV,  page  359;  1897,  Nineteenth  Annual  Report,  Part  IV, 
page  484;  1898,  Twentieth  Annual  Report,  Part  IV,  page  602.  The  fol- 
lowing discharge  measurements  were  made  by  Sydney  Arnold  in  1899: 

July  18,  gage  height,  9.65  feet;  dischai^ge,  11,180  second-feet. 
Augast  10,  gage  height,  6.16  feet;  dischai^ge,  3,482  second-feet. 
'  September  7,  gage  height,  5.31  feet;  dischai^,  2,107  second-feet. 
October  18,  gage  height,  4.42  feet;  discharge,  1,244  second-feet. 

Daily  gage  heigJUj  in  feet,  of  Yakima  River  at  Kiona,  Washingtxm,  for  1899. 


Day. 

Jan. 

Feb. 

8.00 
7.55 
6.80 
6.38 
6.20 
6.10 
6.09 
6.09 
6.15 
6.26 
6.96 
6.95 
6.80 
6.56 
6.61 
7.10 
7.73 
8.70 
9.23 
8.50 
8.48 
8.15 
7.80 
7.60 
7,35 
7.20 
7.06 
6.90 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

6.25 
5.22 
5.18 
5.18 
5.20 
6.28 
6.30 
6.26 
5.21 

'5.12" 
6.06 
4,95 
4.98 
5.03 
5.04 
4.98 
4.95 
4.92 
4.87 
4.85 
4,78 
4.74 
4,70 
4.67 
4.63 
4.58 
4.58 
4.57 
4.68 

Oct. 

Nov. 

Dec. 

1 

2 

8.00 
7.86 
7.80 
7.20 
6.80 
5.45 
5.25 
5.35 
5.40 
5.50 
5.56 
5.60 
5.54 
5.50 
5.45 
5.45 
5.43 
6.70 
6.22 
6.40 
6.85 
8.45 
9.56 
9.30 
8.87 
8.80 
9.30 
9.30 
8.96 
8.66 
8.25 

6.83 
6.76 
6.50 
6.60 
6.50 
6.40 
6.40 
6.30 
6.35 
6.40 
6.25 
6.10 
6.06 
6.05 
6.90 
5.86 
5.86 
6.78 
6.60 
5.60 
5.62 
5.63 
5.65 
6.65 
6.66 
6.66 
6.60 
6.60 
6.65 
5.68 
5.70 

6.72 
6.78 
5.90 
5.98 
6.06 
6.17 
6.32 
6.40 
6.60 
6.75 
7.13 
7.13 
7.90 
8.05 
7.86 
7.68 
7.53 
7.45 
7.38 

'7.16' 
7.20 
7.30 
7.10 
7.00 
7.10 
7.40 
7.65 
7.55 
7.46 

7.46 
7.40 
7.26 
7.06 
7.00 
7.30 
7.80 
8.30 

16.35' 
10.43 
10.41 
9.90 
9.36 
8.97 
•8.75 

"  8." 46' 

8.20 

8.15 

8.20 

8.60 

9.15 

10.10 

10.50 

10.66 

10.45 

10.30 

10.10 

9.90 

9.65 

9.60 

9.70 

10.20 

11.20 

11.00 

10.46 

10.16 

9.80 

9.90 

10.65 

11.10 

11.86 

11.20 

10.70 

10.43 

10.45 

10.80 

11.25 

11.46 

11.35 

11.10 

10.65 

10.85 

10.20 

10.40 

10.35 

10.15 

9.70 

9.50 

9.36 
9.20 
9.30 
9.60 
10.00 
9.86 
9.60 
9.45 
9.86 
9.38 
9.45 
9.30 
9.18 
9.50 
9.40 
9.65 
9.60 
9.60 
9.33 
9.10 
8.85 
8.66 
8.18 
7.90 
7.68 
7.38 
7.25 
7.20 
7.20 
7.20 
7.25 

7.15 
7.03 
6.90 
6.68 
6.50 
6.86 
6.25 
6.15 
6.16 
6.16 
6.15 
6.18 
6.08 
6.03 
6.00 
6.04 
6.10 
6.08 
6.00 
5.90 
6.78 
5.75 
5.72 
5.70 
5.56 
5.48 
5.60 
5.50 
5.45 
5.38 
5.32 

4.58 
4.67 
4.60 
4.70 
4.68 
4.60 
4.58 
4.62 
4.50 
4.48 
4.52 
4.50 
4.48 
4.50 
4.52 
4.48 
4.42 
4.48 
4.80 
6.05 
5.50 
5.60 
5.62 
5.56 
5.45 
5.47 
5.38 
6.43 
5.62 
6.66 
6.50 

6.60 
6.46 
6.38 
5.80 
6.28 
6.25 
5.20 
5.10 
6.18 
6.40 
6.65 
6.72 
6.86 
6.95 
6.03 
6.62 
6.79 
6.96 
7.26 
7.92 
8.40 
8.98 
8.42 
7.85 
7.45 
7.18 
6.98 
7.95 
8.46 
9.06 

9.76 
10.36 
10.67 
9.75 
9.16 
8.63 
8.12 

"7*66" 
7.55 
7.40 
7.28 
6.94 
6.86 
6.71 
6.45 
6.82 
6.20 
6.05 
6.97 
6,83 
6,22 
7.84 
8.66 
9.78 
10.69 
10.88 
10.50 
9.77 
9.20 
8.96 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

WALLA  WALLA  RIVER  AT  WHrTMAN,   WASHINGTON. 

The  tributaries  of  this  river  drain  the  northern  and  western  slopes 
of  the  Blue  Mountains  in  southeastern  Washington.  The  general 
course  of  the  stream  is  westerly,  entering  Columbia  River  2  miles 
below  the  mouth  of  Snake  River.  The  Blue  Mountains  attain  eleva- 
tions of  over  2,000  feet  above  their  foothills,  and  their  slopes  are 
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well  timbered.  Agriculture  is  practiced  to  a  considerable  extent  on 
the  foothill  regions  in  the  vicinity  of  Wallawalla,  the  crops  being 
raised  without  irrigation.  A  number  of  canals  divert  water  from  the 
river  below  Whitman  and  from  the  lower  course  of  its  tributary, 
Touchet  River.  To  determine  the  amount  of  water  available  for  irri- 
gation below,  a  gaging  station  was  established  at  Whitman,  7  miles 
below  Wallawalla,  July  19,  1897.  The  gage  consists  of  a  horizontal 
timber  fastened  to  two  posts  set  in  the  ground  and  projecting  out  over 
the  water  surface.  To  this  horizontal  rod  is  attached  a  wire  gage. 
The  bench  mark  is  a  nail  driven  into  the  northwest  comer  of  a  barn 
70  feet  north  of  the  gage  and  1  foot  above  the  sill,  and  is  at  an  ele- 
vation of  11  feet  above  gage  datum.  The  length  of  gage  wire  is  19.62 
feet.  The  discharge  measurements  were  to  have  been  made  from  a 
bridge,  which,  however,  has  not  yet  been  erected.  The  results  of 
measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  492;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  512.  There  were  no  discharge  measurements  made  at  this  point 
during  1899. 


Daily  gage  heighif  in  fed,  of  WaUawaUa  River  at  Whitman,  WaMngton^far  JS99. 


Day. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 


Jan. 
2.60 

Feb. 

2.45 

2.46 

2.25 

2.90 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.95 

2.20     4.20  1 

1.90 

3.65 

1.95 

3.26 

1.96 

3.30 

1.96 

3.86 

2.16 

4.60 

2.70 

4.40 

8.60 

4.35 

3.46 

4.30 

3.46 

4.46 

3.66 

4.30 

5.00 

4.10 

6.50 

3.60 

4.00 

3.25 

3.30 

3.30 

3.20 

3.10 

3.10 

2.90 

3.00 

2.80 

2.95 

2.85 

2.86 

2.75 

2.66 

Mar. 


8.00 
3.06 
2.96 
2.90 
2.85 
2.80 
2.85 
3.10 
8.10 
3.06 
3.00 
2.96 
2.a'5 
2.76 
2.75 
2.76 
2.75 
2.76 
2.80 
2.95 
3.00 
3.00 
3.00 
3.00 
3.00 
3  00 
3.00 
3.00 
3.00 
3.00 
3.00 


Apr. 


3.05 
8.06 
8.16 
8.80 
3.40 
3.30 
3.40 
3.60 
4.15 
4.05 
4.10 
4.60 
4.60 
4.06 
3.95 
4.40 
4.10 
3.85 
3.66 
3.60 
3.75 
3.95 
3.75 
3.70 
3.75 
3.75 
3.70 
3.46 
3.26 
3.35 


May. 


8.80 
8.25 
8.16 
3.10 
3.20 
8.80 
3.86 
8.80 
4.30 
4.60 
4.86 
4.06 
3.90 
3.66 
3.50 
3.40 
3.46 
3.40 
8.25 
8.20 
3.20 
3.50 
3.85 
4.35 
4.65 
4.80 
4.10 
4.05 
4.06 
3.75 
8.66 


June. 


8.85 
4.00 
8.96 
8.95 
8.75 
8.86 
3.80 
3.15 
8.25 
3.40 
8.95 
3.85 
3.60 
3.36 
30 
30 
80 
25 
8.20 
3.15 
3.00 
2.85 
2.75 
2.65 
2.65 
2.66 
2.55 
2.45 
2.40 
2.86 


July. 

Aug. 

Sept. 

Oct 

2.80 

1.46 

1.86 

1.75 

2.26 

1.46 

1.85 

L75 

2.16 

1.46 

1.86 

1.75 

2.10 

1.45 

1.90 

1.76 

2.15 

1.45 

2.06 

1.80 

2.05 

1.40 

1.96 

1.80 

2.00 

1.40 

1.90 

1.80 

2.00 

1.40 

1.96 

1.80 

1.95 

1.60 

1.96 

1.80 

1.90 

1.55 

L90 

1.80 

1.90 

1.60 

1.96 

1.85 

1.90 

1.60 

1.90 

1.90 

1.80 

1.60 

1.95 

1.90 

1.80 

1.60 

1.95 

1.90 

1.70 

1.70 

1.96 

1.90 

1.60 

1.65 

1.90 

1.90 

1.60 

1.66 

1.86 

2.80 

1.60 

1.66 

1.90 

2.20 

1.50 

1.66 

1.86 

2.36 

1.65 

1.66 

1.85 

2.60 

1.60 

1.70 

1.80 

2.40 

1.60 

1.90 

1.86 

2.85 

1.65 

1.90 

1.85 

-2.80 

1.56 

1.85 

1.80 

2.26 

1.66 

1.85 

1.80 

2.80 

1.66 

1.85 

1.80 

2.30 

1  66 

1.96 

1.75 

2.25 

1.66 

1.96 

1.75 

2.20 

1.45 

1.90 

1.75 

2.20 

1.45 

1.90 

1.75 

2.20 

1.45 

1.90 

2.16 

Not. 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
ZIO 
2.10 
2.10 
2.10 
2.16 
2.15 
2.26 
2.70 
2.75 
2.65 
2.55 
2G0 
245 

2.ao 

2.85 
2.85 
2.90 
8.50 
8.80 


Dec. 


8.96 
A.bb 
S.96 
8.50 
S.35 

a.  06 

8.05 
2.90 
2.80 
2.80 
8.00 
S.00 
2.85 
2.80 
2.80 
2.80 
2.80 
2.70 
2.60 
2.85 
2.60 
2. 85 
S.10 
3.50 
8.35 
8.20 
S.15 
S.QO 
2.90 
2.80 
2.80 


UMATILIiA   RIVER  AT  GIBBON,  OREGON. 

This  river  rises  in  the  well-wooded  country  in  northeastern  Or^on 
and  flows  in  a  general  westerly  direction,  entering  Columbia  River 
below  the  mouth  of  Wallawalla  River.  The  country  north  of  Uma- 
tilla is  high  and  rolling.     Agriculture  is  pi'acticed  here  to  a  consider- 
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able  extent,  cereala  being  the  principal  crops  raised.  A  number  of 
canals  divert  water  from  the  lower  course  of  the  stream  to  irrigate 
lands  on  either  side.  Surveys  have  been  made  for  diverting  water  in 
the  vicinity  of  Gibbon  to  irrigate  the  high  country  between  Umatilla 
and  Wallawalla  rivers.  None  of  the  canals  have  yet  been  completed, 
however.  The  station  at  Gibbon,  Oregon,  was  established  July  22, 
1896,  and  is  located  one-half  mile  west  of  the  railroad  station.  The 
rod  is  inclined  and  is  fastened  to  a  rock  ledge  by  bolts  soldered  into 
holes  drilled  into  the  rock.  The  bench  mark  is  a  cross  in  black  paint 
on  the  highest  point  of  the  rock  to  which  the  rod  is  fastened,  and 
is  4.40  feet  above  gage  datum.  The  results  of  measurements  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page 
361;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  493;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  516.  There  were  no  meas- 
urements of  discharge  made  at  this  point  during  1899. 

Daily  ga^ge  height,  in  feet ,  of  UrruUilla  River  at  Gibbon^  Oregon,  for  1899. 


Day. 


1... 

2... 

8... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
28... 
24... 
26... 
26... 
27... 
28... 
29... 
80... 
81... 


Jan. 


1.55 
1.45 
1.40 
1.30 
1.30 
1.25 
1.25 
1.15 
1.10 
1.00 
.95 
.90 
.90 
.90 
.90 
1.80 
2.50 
2.90 
2.70 
3.30 
4.50 
4.00 
3.40 
3.00 
2.80 
3.50 
3.80 
3.10 
3.00 
2.70 
2.60 


Feb. 


2.50 
2.20 
2.00 
1.95 
1.80 
1.75 
2,00 
2.70 
3.30 
3.30 
2.90 


60 
50 
80 
45 
30 
3.40 
3.60 
3.90 
3.70 
3.20 
2.80 
2.60 
2.45 
2.40 
2.20 
2.10 
2.40 


Mar. 


2.40 
2.50 
2.50 
2.40 
2.25 
2.20 
2.40 
2.75 
2.60 
2.30 
2.80 
2.10 
2.10 
2.10 
2.15 
2.15 
2.20 
2.30 
2.60 
2.50 
2.50 
2.40 
2.20 
2.60 
2.70 
2.60 
2.50 
2.60 
2.66 
2.50 
2.60 


Apr. 


2.65 
2.70 
2.75 
3.30 
3.30 
3.30 
8.60 
3.70 
4.80 
4.30 
4.10 
5.00 
4.20 
3.60 
3.60 
3.80 
3.40 
3.20 
3.05 
3.40 
3.40 
3.45 
50 
50 
60 
80 
3.20 
3.00 
2.75 
2.60 


May. 


2.60 
2.50 
2.50 
2.65 
8.05 
8.80 
4.40 
4.40 
4.90 
4.60 
4.40 
4.20 
4.05 
8.60 
3.20 
3.10 
3.06 
3.05 
8.00 
2.95 
3.00 
3.80 
4.10 


4.40 
4.30 
4.00 
3.80 
3.80 
4.00 
4.00 
3.90 


June.  July. 


8.85 
8.80 
3.70 
3.50 
3.10 
3.00 
8.00 
3.20 
3.30 
3.50 
8.20 
8.10 
2.95 
8.10 
3.00 
2.90 
2.90 
2.75 
2.70 
2.60 
2.50 
2.45 
2.40 
2.25 
2.20 
2.10 
2.00 
1.95 
1.90 
1.90 


1.90 
1.80 
1.75 
1.66 
1.65 
1.60 
1.60 
1.60 
1.65 
1.50 
1.50 
1.46 
1.45 
1.45 
1.40 
1.35 
1.36 
1.36 
1.30 
1.30 
1.30 
1.26 


20 
20 


1.20 


15 
15 
10 
10 
10 


1.10 


Aug. 


1.06 
1.05 
1.05 
1.05 
1.00 
1.00 
.96 
.95 
.95 
1.05 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.06 
1.05 
1.35 
1.20 
1.10 
1.10 
1.05 
1.06 
1.05 
1.06 
1.00 
1.00 


Sept. 


1.00 
1.00 
1.00 
1.10 
1.20 
1.10 
1.10 
1.10 
1.05 
1.06 
1.00 
1.00 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


Oct 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.20 
1.40 
1.40 
1.60 
1.60 
1.50 
1.50 
1.60 
1.60 
1.66 
1.70 
1.70 
1.75 
1.70 
1.66 
1.60 


Nov. 


1.60 
1.60 
1.45 
1.45 
1.46 
1.40 
1.40 
1.40 
1.40 
1.40 
1,40 
1.40 
1.40 
1.46 
1.50 
1.60 
1.50 
1.90 
2.10 
2.10 
2.00 
i;80 
1.80 
1.70 
1.70 
1.70 
2.40 
2.70 
8.10 
8.16 


Dec. 


8.20 
2.90 
2.76 
2.60 
2.40 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.25 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.10 
2.10 
2.10 
2.05 
2.00 
2.00 
2.10 
2.20 
2.20 
2.16 
2.i5 
2.16 
2.10 


DESCHUTES  RIVER  AT  MORO,    OREGON. 

This  river  drains  a  large  area  in  central  Oregon  and  flows  in  a  gen- 
eral northerly  direction,  entering  Columbia  River  about  16  miles  east 
of  The  Dalles,  Oregon.  The  headwater  tributaries  have  their  source 
in  the  snow-clad  peaks  of  the  Cascade  Mountains.  The  plains  region 
on  which  they  enter  upon  their  appearance  from  the  mountain  canyons 
ifi  of  a  very  porous  lava  formation,  which  has  a  tendency  to  regulate 
tihe  flow  of  the  river.     The  rains  and  snows  of  the  winter  are  absorbed 
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by  the  porous  rocks,  to  be  slowly  discharged  into  the  river  later  in 
the  season.  In  the  vicinity  of  the  town  of  Lava  the  river  is  noted  for 
its  unchanging  flow,  the  height  not  varying,  on  an  average,  more  than 
12  to  18  inches  during  the  year,  with  a  comparatively  large  discharge. 
The  river  is  a  surface  stream  until  about  due  west  of  Prineville,  when 
it  gradually  cuts  down^  and  on  its  lower  course  is  in  a  canyon  about 
1,000  feet  in  depth.  The  lower  portion  of  the  river  is  also  subject  to 
greater  fluctuations  in  height  than  the  upper  part.  The  general  char- 
acter of  the  lower  basin  of  Deschutes  River  is  high  and  rolling  and  it  id 
difScult  to  irrigate,  except  from  the  high  tributaries.  Crooked  River 
is  an  important  tributary  of  the  Deschutes,  entering  it  from  the  east 
Considerable  irrigation,  principally  for  forage  crops,  is  practiced  in  it^ 
basin  above  Prineville.  The  station  on  Deschutes  River,  estabU^hed 
October  19,  1897,  is  located  at  Moro,  3  miles  above  what  is  known  as 
the  "  free  bridge  "  and  16  miles  east  of  The  Dalles,  Oregon.  The  rod 
is  inclined.  The  bench  mark  is  the  head  of  a  nail  in  a  large  alder 
tree,  to  which  the  rod  is  spiked,  and  is  at  an  elevation  of  8.41  feet 
above  gage  datum.  Discharge  measurements  are  taken  at  the  iron 
bridge  3  miles  below.  The  section  here  is  poor,  owing  to  its  rocky 
cross  section.  The  current  is  quite  swift.  The  results  of  measure- 
ments may  be  found  as  follows:  1897,  Nineteenth  Annual  Report,  Part 
IV,  page  97;  1898,  Twentieth  Annual  Report,  Part  IV,  page  516. 
One  measurement  of  discharge  was  made  in  1899  by  Sydney  Arnold, 
on  June  10,  when,  at  a  gage  height  of  3.80  feet,  a  discharge  of  10,772 
second-feet  was  found. 

f^ily  gage  heighty  in  feet,  of  Deschutes  River  at  Moro,  Oregon,  for  1899. 


Day. 


1. 
2. 
3. 
4. 
6. 

6. 

^ 
/ . 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 
1.70 

Feb. 

Mar. 
5.50 

Apr. 

May. 
8.50 

Jnne. 
4.00 

July. 

Aug. 

Sept. 
2.30 

2.50 

2.70 

3.30 

2.50 

1.70 

2.40 

3.90 

2.90 

8.40 

4.00 

3.80 

2.50 

2.30 

1.60 

2.20 

3.30 

2.90 

3.30 

4.00 

8.40 

2.50 

2.80 

1.60 

1.90 

3.00 

3.00 

3.10 

3.90 

3.40 

2.40 

2.40 

1.50 

1.70 

2.80 

3.30 

3.10 

3.80 

8.30 

2.40 

2.50 

1.40 

1.60 

2.70 

3.60 

3.20 

8.80 

3.30 

2.40 

2.50 

1.40 

1.50 

2.70 

8.70     3.30 

8.70 

3.80 

2.40 

2.40 

1.30 

1.40 

2.60 

3.80 

3.70 

8.70 

3.20 

2.40 

2.40 

1.30 

3.60 

2.60 

3.90 

4.10 

3.60 

8.20 

2.40 

2.40 

1.20 

5.00 

2.50 

4.10 

4.30 

3.70 

8.20 

2.80 

2.80 

1.20 

4.00 

2.50 

4.30 

4.30 

8.70 

8.80 

2.30 

2.30 

1.30 

3.60 

2.60 

4.60 

4.40 

3.80 

3.30 

2.30 

2.30 

1.30 

3.00 

2.50 

4.70 

4.40 

3.90 

3.80 

2.30 

2.30 

1.20 

2.80 

2.50 

4.90 

4.20 

3.90 

3.20 

2.20 

2.20 

1.30 

2.60 

2.40 

4.60 

4.00 

8.80 

8.20 

2.20 

2.20 

2.90 

2.50 

2.40 

4.  SO 

8.90 

8.80 

3.10 

2.20 

2.20 

2.70 

2.50 

2.30 

4.10 

3.80 

3.70 

3.10 

2.20 

2.20 

3.40 

2.80 

2.30 

3.90 

8.60 

8.80 

3.10 

2.10 

2.20 

3.20 

2.80 

2.50 

8.70 

3.40 

8.90 

8.00 

2.20 

2.10 

3.40 

2.90 

2.50 

3.50 

3.40 

8.90 

3.00 

2.10 

2.10 

3.70 

2.80 

2.40 

8.80 

3.30 

8.80 

2.90 

2.10 

2.10 

4.10 

2.70 

2.40 

4.00 

3.30 

3.70 

2.80 

2.20 

2.10 

8.60 

2.70 

2.50 

4.10 

8.40 

8.70 

2.80 

2.40 

2.10 

3.10 

2.60 

2.50 

4.10 

3.50 

8.60 

2.70 

2.40 

2.00 

2.80 

2.60 

2.80 

4.00 

3.60 

8.60 

2.70 

2.40 

2.00 

2.70 

2.50 

3.50 

3.90 

3.70 

3.50 

2.70  i  2.50 

2.00 

2.60 

2.40 

8.80 

8.80 

3.80 

3.50 

2.60 

2.50 

2.00 

2.40 

2.50 

2.90 

8.70 

3.90 

8.50 

2.60 

2.50 

1.90 

2.20 

2.90 

8.70 

8.90 

8.40 

2.60 

2.40 

1.90 

2.30 

2.80 

3. 60  '  3. 90 

3.40 

2.60 

2.40 

1.90 

2.70 

...... 

2.70 



4.00 

2.50 

2.40 

I         I 

Oct.  :  Nov.  1    I>ec. 


1.90 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.20 
2.50 
8.10 
2.50 
2.90 
2.30 
2.30 
2.90 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 


2.30 

2.90 

2.90 

2.90 

2.90 

2.40 

2.40 

2.40 

2.40 

2.40 

2.30 

2.90 

2.30 

2.30 

2.90 

2.30 

2.90 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.90 

8.70 

4.10 

4.10 

4.10 


3.70 
3.60 
3.50 
&.40 
S.40 
9.30 
3.90 
3.2i> 
3.20 
3.10 
3.20 
9.90 
9.00 
4.10 
4.10 
9.90 
S.70 
3.«0 
3.61 
S.70 
S.90 
3.80 
S.70 
S.tiO 

s.eo 

3.50 
S.40 
3.90 
S.30 
8.20 
SwIO 


OBEGON. 


879 


A  survey  of  a  portion  of  Deschutes  River,  from  Pringle  Falls  above 
the  East  Fork  down  to  and  including  the  country  around  Prineville, 
on  Crooked  River,  and  below  Warmspring,  was  made  during  May  and 
June,  1899,  by  Mr.  G.  F.  Allardt,  civil  engineer  for  the  Oregon  Irri- 
gation Company.  Sufficient  information  was  obtained  to  locate  the 
general  routes  of  the  main  irrigating  canals  and  to  determine  the  limits 
of  the  country  that  could  be  watered.  The  following  details  are  taken 
from  the  report  by  Mr.  Allardt: 

Meaflorements  of  the  river  were  made  on  May  27,  1899,  at  Sizemore  bridge,  aboat 
1  mile  above  Emigrant  Ford,  giving  a  flow  of  3,014  second-feet.  At  the  time  of 
measorement  the  river  was  somewhat  above  its  ordinary  stage  and  was  380  feet  wide, 
with  an  average  depth  of  about  3  feet  and  a  mean  velocity  of  nearly  3  feet  per  second. 
At  its  lowest  stage  the  discharge  of  the  river  was  estimated,  from  marks  pointed  out 
by  the  oldest  settlers,  to  amount  to  1,740  second-feet  It  is  stated  that  the  difference 
between  the  high-  and  low-water  marks  does  not  exceed  2  feet  in  the  wider  portions 
of  the  river. 

The  low  banks  of  the  river  make  possible  the  diversion  of  water  into  canals  by 
means  of  open  cuts  from  the  river  channel  at  points  a  short  distance  above  the  vari- 
ous falls  or  rapids,  thus  dispensing  with  dams.  The  slight  fluctuations  in  surface 
level  reduce  the  cost  of  headworks  to  a  minimum,  and  as  the  river  never  freezes 
it  is  unneoeasary  to  adopt  precautionary  measures  against  ice. 

Five  principal  canals  were  surveyed,  leading  out  in  succession  from  the  east  or 
right-hand  side  of  the  river.  The  first  of  these  heads  at  Pringle  Falls  and  has  a 
length  of  30  miles;  the  next  heads  at  Benham  Falls,  18  miles  below,  and  has  a  length 
of  15  miles;  the  third  heads  at  Lava  Island,  4  miles  below,  and  has  a  length  of  34 
miles;  the  fourth  heads  at  Emigrant  Ford,  5  miles  below,  and  has  a  length  of  33 
miles;  the  fifth,  or  North  canal,  heads  20  miles  below,  and  has  a  length  of  47  miles, 
extending  to  Trout  Creek.  The  following  table  gives  the  principal  facts  concerning 
the  acreage  irrigable  and  the  altitude  of  the  lands.  Of  the  total  acreage  about  one- 
fourth,  or  92,000  acres,  is  timbered: 

Proposed  canals  from  Deschutes  River. 


Name. 

Length. 

Area  irrigable. 

Altitude. 

Pringle  Falls  canal 

Benham  Falls  canal 

Miles. 
30 
15 
34 
33 
47 

Acres. 
36,000 
22,000 
103,000 
168,000 
58,000 

Feet. 
4, 100-4, 300 
3, 800-4, 100 
3,600-3,800 
2,900-3,600 
2, 400-2, 900 

Tjava  Island  canal 

P^micrfftnt  ^oM  Cftlftl . , -  - 

Norui  canal « 

Total 

159 

387,000 

The  slope  of  the  irrigable  country  from  south  to  north  i^foirly  uniform,  averaging 
about  23  feet  to  the  mile.  The  soil  is  mainly  composed  of  volcanic  ash  or  finely 
disintegrated  lava,  easily  cultivated,  and  when  wet  of  a  dark  or  chocolate  color. 
About  one-fourth  of  the  irrigable  land  is  somewhat  stony  or  broken  by  outcroppings 
of  lava.    The  rainfall  at  Prineville  averages  about  9  inches  per  annum. 

A  large  amount  of  power  can  be  created  by  the  use  of  the  saiplus  waters  of  the  river, 
as  the  total  fall  of  the  river  is  1,360  feet  between  Pringle  Falls  and  Crooked  River. 
It  is  estimated  that  more  than  50,000  effective  horsepower  can  be  produced  by 
diverting  the  water  by  means  of  short  flumes  and  without  the  construction  of  dama. 

IRB  38 6 
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HOOD  RIVER  AT  TUCKER,  OREGON. 

This  river  lises  at  the  base  of  Mount  Hood,  which  has  an  elevation 
of  11,225  feet  and  is  covered  with  snow  throughout  the  year.  The 
upper  part  of  its  basin  is  mountainous  and  well  wooded.  The  river 
itself  flows  in  a  very  narrow  valley  throughout  its  entire  course,  and 
empties  into  Columbia  River  almost  opposite  White  Salmon  Biver. 
which  enters  from  the  State  of  Washington.  Hood  River  Valley,  s«o 
called,  is  a  level,  elevated  district,  extending  from  the  edge  of  the  bluff 
overlooking  Columbia  River  southward  for  a  distance  of  from  7  to  10 
miles.  The  river  in  its  30-mile  course  has  a  heavy  fall,  so  that  canals 
diverting  water  from  it  can  in  a  short  distance  attain  considerable 
elevation  above  the  river.  A  number  of  canals  divert  water  from  East 
Fork  and  from  the  main  Hood  River,  and  irrigate  the  bench  land  south 
of  the  town  of  Hoodriver.  The  chief  products  are  berries  and  fruits. 
The  gaging  station,  established  October  20, 1897,  is  located  at  Tucker, 
5  miles  south  of  Hoodriver,  Oregon.  The  rod  of  the  wire  gage  is 
nailed  to  a  wooden  member  of  the  bridge.  The  length  of  the  gage 
wire  is  33.85  feet.  The  bottom  of  the  river  is  a  rock  ledge  and  the 
sides  are  precipitous,  thus  insuring  a  stable  cross  section.  Results  of 
measurements  may  be  found  as  follows:  1897,  Nineteenth  Annual 
Report,  Part  IV,  page  499;  1898,  Twentieth  Annual  Report,  Part  IV, 
page  516.  One  measurement  of  discharge  was  made  by  Sydney  Arnold 
during  1899,  on  June  9,  when  at  a  gage  height  of  4*55  feet  a  discharge 
of  2,548  second-feet  was  found. 


I>aily  gage  Jieighty  in  feet ^  of  Howl  River  at  Tucker,  Oregon,  for  1899. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


Day. 


Jan. 


4.20 
4.00 
3.80 
3.60 
8.50 
8.80 
8.00 
2.80 
2.60 
2.40 
2.80 
2.20 
2.10 
2.00 
4.00 
6.30 
6.20 
6.10 
80 
15 


Feb. 


5. 
7. 


21 11.00 


22. 
28. 
24. 
26. 
26. 
27. 
28. 
29. 
80. 
81. 


7.50 
6.50 
5.30 
4.90 
5.80 
4.50 
4.20 
4.10 
4.10 
4.80 


4.40 
4.00 
3.80 
3.50 
3.60 
8.20 
8.30 
4.10 
6.15 
6.50 
5.50 
4.80 
4.60 
4.40 
5.50 
4.80 
4.50 
4.50 
4.40 
4.80 
4.20 
4.00 
8.90 
3.70 
3.60 
8.50 
4.20 
5.66 


Mar. 

Apr. 

May. 

June. 

July. 

7.50 

2.80 

3.80 

4.60 

8.80 

6.00 

2.90 

8.60 

4.M 

3.90 

4.80 

3.00 

3.50 

4.50 

4.00 

4.60 

3.50 

3.50 

4.50 

4.10 

4.20 

3.40 

3.40 

4.70 

4.00 

4.00 

3.30 

3.60 

4.10 

4.00 

4.00 

3.20 

3.50 

4.10 

8.90 

3.80 

3.20 

3.70 

4.50 

3.80 

3.80 

3.50 

4.20 

4.70 

3.80 

3.70 

3.50 

4.40 

4.50 

8.80 

3.60 

4.50 

4.90 

5.50 

3.80 

3.50 

6.60 

4.40 

5.20 

3.80 

3.50 

5.50 

4.90 

5.00 

3.90 

3.30 

4.50 

8.90 

4.60 

4.00 

3.70 

4.20 

3.60 

4.50 

4.10 

8.20 

4.50 

8.60 

4.40 

4.10 

3.00 

4.50 

8.60 

4.60 

4.00 

3.00 

4.00 

3.60 

4.80 

4.00 

3.00 

4.00 

3.60 

5.00 

8.90 

3.00 

8.90 

8.60 

4.60 

8.90 

3.00 

8.90 

3.60 

4.20 

8.50 

3.00 

8.90 

3.60 

4.20 

8.40 

2.90 

5.30 

3.70 

4.20 

8.20 

2.90 

5.45 

3.90 

4.20 

8.20 

2.80 

6.00 

4.00 

4.40 

8.20 

2.70 

5.45 

4.00 

4.20 

8.20 

2.70 

5.50 

4.00 

4.20 

8.20 

2.70 

5.80 

4.40 

8.90 

8.80 

2.70 

5.35 

4.40 

8.90 

4.00 

2.80 

3.90     4.40 

3.90 

8.40 

2.80 

•"••••  1 

4.00 

8.20 

8.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
3.60 
3.00 
2.80 
2.70 
2.60 
2.60 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
4.00 
2.90 
2.70 
2.70 
2.80 
3.80 
2.80 
2.70 
2.60 
2.60 


Sept.    Oct 


2.60 
2.50 
2.60 
2.70 
2.50 
2.60 
2.40 
2.40 
2.4C 
2.80 
2.80 
2.40 
2.40 
2.40 
2.80 
2.80 
2.80 
2.90 
2.80 
2.80 
2.90 
2.20 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 

2.ao 


8.20 
2.60 
2.80 
2.80 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
1.90 
1.70 
1.80 
2.00 
2.00 
5.10 
4.00 
8.00 
8.00 
2.70 
2.60 
2.50 
2.60 
2.40 
2.30 
2.90 
2.00 
2.20 


Nov.  I    Dec. 


2.10 
2.10 
2.00 
2.20 
2.20 
2.20 
2.70 
2.00 
2.70 
2.8U 
2.80 
2.80 
2.70 
iTO 
2.60 
2.70 
2.70 
2.80 
5.40 
4.60 
4.40 
4.00 
8.80 
9.60 
8.20 
9.90 
6.00 
6.80 
7.20 
6.00 


9.00 
6.60 
6.  GO 
4.80 
4.60 
4.20 
3.80 
3.60 
9.20 
9uoO 
4.50 
4.20 
4.00 
S.80 
S.60 
9.50 
3.40 

a.  40 

9.40 
9.90 
4.W 
4.90 
4.7D 
4.70 
4.70 
4.60 
4.40 
4.20 
9.80 
9. 70 
9.60 
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WHITE   RIVER  AT   BUCKLEY,  WASHINGTON. 

This  river  has  its  source  in  the  glaciers  of  Mount  Rainier,  in  the 
Cascade  Range  in  Washington,  and  flows  in  a  general  northwesterly 
direction,  entering  Puget  Sound  at  Seattle.  Its  mountainous  collect- 
ing area  is  densely  forested,  and  owing  to  the  great  precipitation  on 
the  western  slope  of  the  Cascade  Mountains  the  basin  has  a  high  run- 
off. On  account  of  the  great  fall  of  the  rivers  on  the  western  slope 
of  the  Cascade  Mountains  in  Washington,  there  are  a  number  of  fine 
water  powers.  These  have  lately  been  under  investigation.  In  order 
to  determine  the  amount  of  power  that  could  be  developed  on  White 
River,  a  station  was  established  by  Sydney  Arnold,  April  22,  1899,  at 
the  new  highway  bridge,  600  feet  above  the  Northern  Pacific  rail- 
way bridge,  and  one-half  mile  north  of  the  town  of  Buckley,  Wash- 
ington. The  location  is  in  sec.  34,  T.  20  N.,  R.  6  E.  of  the  Willamette 
meridian.  The  rod  of  the  wire  gage  is  fastened  to  the  guard  rail  of 
the  highway  bridge.  The  length  of  the  wire  rope  is  20  feet.  The 
elevation  of  the  top  of  the  guard  rail  at  the  pulley  is  19.56  feet  above 
gage  datum.  The  bridge  is  a  clear  span  of  180  feet,  crossing  the  river 
a  trifle  obliquely.  The  channel  is  straight  for  some  distance  above 
and  below  the  bridge,  but  the  section  is  not  a  very  good  one,  owing 
to  the  sudden  fall  a  short  distance  below.  About  300  feet  above  the 
bridge  is  a  good  section,  with  fine  gravel  bottom  in  calmer  water,  but 
in  order  to  utilize  it  it  would  be  necessary  to  erect  a  cable.  An 
examination  of  the  river  channel  for  some  distance  above  and  below 
this  point  was  made,  but  the  present  location  is  about  the  only  one 
available  for  accurate  results.  The  following  measurements  of  dis- 
charge were  made  by  Sydney  Arnold  in  1899: 

Discharge  meaguremenls  of  White  Bwer  at  Buckley  y  Washington. 

1899. 


Date. 

Oage 
height 

Biflcharge. 

Date. 

Gage 
height. 

Discharge. 

June  6 

Feet. 
3.15 
8.37 
2.87 
2.05 

Seoond-feet. 

8,971 
2,321 
1,618 

August  28 

Feet, 
2.50 
1.78 
1.65 
1.45 

Seoond-feet. 

2,d65 

1,216 

1,015 

993 

June  21 

1    September  18 

September  27 

October  9 

July  25 

Aug^UfitS 
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DaXLy  gage  height,  in  feet,  of  While  River  at  BucHey,  WaMngion,  for  1899, 


Day. 

Apr. 

Mmy. 

June. 

July. 

Aug. 

Sept 

Oct 

1 
Not. 

Dec 

1 

2.00 
1.86 
1.78 
1.76 
1.96 
2.18 
2.15 
2.78 
8.17 
2.88 
2.98 
2.70 
2.64 
2.64 
2.85 
2.28 
2.87 
2.56 
2.67 
2.62 
2.  TO 
2.76 
8.07 
8.82 
8.80 
8.06 
8.06 
2.92 
2.85 
2.78 
2.66 

2.86 

ao6 

8.19 
8.44 
8.08 
8.00 
2.78 
2.82 
8.20 
8.81 
4.81 
8.88 
8.68 
8.16 
8.27 
8.65 
8.86 
8.96 
8.78 
8.56 
8.87 
8.28 
8.80 
3.42 
8.28 
8.15 
2.98 
2.90 
2.90 
2.76 

2.80 
8.07 
8.47 
8.80 
2.97 
2.98 
2.90 
8.00 
2.96 
8.06 
8.00 
8.18 
8.16 
8.20 
8.20 
8.88 
8.15 
2.95 
2.90 
2.76 
2.55 
2.47 
2.45 
2.50 
2.87 
2.45 
2.66 
2.78 
2.00 
2.58 
2.37 

2.80 
2.17 
2.06 
2.10 
2.07 
2.08 
2.00 
2.06 
2.06 
2.06 
1.96 
1.85 
1.80 
2.33 
2,27 
2.18 
2.06 
2.06 
1.98 
1.98 
1.86 
2.86 
2.47 
2.15 
2.06 
2.06 
2.10 
1.96 
1.85 
1.80 
1.80 

2.00 
1.98 
1.98 
1.90 
1.80 
1.75 
1.68 
1.68 
1.55 
1.55 
1.70 
1.85 
1.78 
1.65 
1.66 
1.60 
1.60 
1.58 
1.58 
1.57 
1.60 
1.4S 
1.40 
1.47 
1.60 
1.60 
1.65 
1.45 
1.45 
1.78 

1.67 
L45 
1.40 
1.40 
1.88 
1.88 
1.80 
1.75 
1.45 
1.45 
1.40 
1.40 
1.83 
1.20 
1.10 
8.10 
2.26 
1.95 
2.90 
2.45 
2.18 
1.98 
1.75 
1.96 
1.85 
2.23 
2.23 
2.10 
1.90 
1.87 
1.75 

1.67 
1.60 
L55 
1.65 
1.50 
1.45 
1.95 
1.75 
1.98 
1.93 
1.93 
1.80 
1.95 
2.50 
2.63 
2.63 
2.85 
8.40 
4.50 
8.85 
3.85 
2.80 
Z65 
2.40 
2.27 
2.80 
3.10 
4.20 
3.96 
8.80 

5.78 
4.06 
S.56 
&15 
8.06 
2.65 
2.50 
2.87 
Z25 
2.30 
2.^ 
2.65 
2.40 
2.40 
2.10 
1.87 
1.85 

1.70 
L95 
2.88 
4.00 
5.38 
3.95 
3.33 
3.15 
8.06 
2.55 
2.50 
2.40 
2.22 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1.98 
2.10 
1.98 
1.96 
2.06 
2.06 
1.96 
2.00 
2.06 

23 

24 

25 

26 

27 

28 

29 

30 

31 

CEDAR  RIVER  AT  VAUGHN   BRIDGE,  WASHINGTON. 

This  river  is  a  tributary  of  White  Biver  and  has  its  source  on  the 
western  slope  of  the  Cascade  Mountains.  Flowing  in  a  general  north- 
westerly direction,  it  enters  White  River  a  few  miles  above  its  mouth. 
A  study  of  its  discharge  has  been  made  during  several  years  by 
T.  A.  Noble,  for  the  Seattle  Power  Company,  as  there  are  a  number 
of  fine  water-power  privileges  along  its  course.  The  station  was  at 
first  established  at  Clifford  bridge,  but  was  moved  in  July,  1898,  to 
Vaughn  bridge,  15  miles  above,  and  about  3,000  feet  below  the  outlet 
of  Cedar  Lake.  The  drainage  area  at  this  point  is  80  square  miles.  In 
order  to  reduce  the  gage  heights  to  sea-level  datum  990  feet  should  be 
added.  The  channel  was  changed  during  the  high  water  of  1898  and 
1899,  so  that  all  readings  at  Vaughn  bridge  after  October,  1898,  are 
not  absolutely  reliable. 


■wAssrsaTOs. 


888 


Daily  gaffe  height,  in  feet,  of  Cedar  Rwer  at  Vaughn  bridge,  Washington,  for  1898. 


Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

Dec. 

1.... 

2.24 

1.50 

1.80 

2.01 

2.10 

2.40 

17 

1.80 

1.80 

1.20 

1.90 

8.25 

1.70 

2.... 

2.20 

1.50 

1.80 

2.10 

2.62 

2.35 

18 

1.80 

1.80 

1.20 

1.80 

8.81 

1.78 

8.... 

2.20 

1.50 

1.80 

1.96 

2.41 

2.82 

19 

1.90 

1.80 

1.20 

1.80 

8.81 

1.80 

4.... 

2.20 

1.50 

1.40 

1.84 

2.60 

2.30 

20 

1.90 

1.80 

1.80 

1.72 

8.20 

2.80 

5.... 

2.20 

1.60 

1.30 

1.75 

2.78 

2.80 

21 

1.80 

1.80 

1.85 

1.74 

8.10 

2.80 

6.... 

2.20 

1.50 

1.80 

1.70 

2.80 

2.22 

22 

1.70 

1.80 

1.60 

1.74 

8.20 

1.92 

7.... 

2.10 

1.40 

1.30 

1.68 

2.84 

2.22 

28 

1.70 

1.80 

1.70 

1.75 

2.70 

2.27 

8.... 

2.10 

1.40 

1.30 

1.58 

2.76 

1.99 

24 

1.70 

1.80 

1.60 

1.70 

2.57 

2.98 

9.... 

2.00 

1.40 

1.20 

1.64 

2.68 

1.85 

26 

1.60 

1.80 

1.50 

1.70 

2.51 

8.80 

10.... 

2.00 

1.40 

1.20 

1.69 

2.40 

1.80 

26 

1.60 

1.80 

1.60 

1.70 

2.81 

3.70 

11.... 

2.00 

1.40 

1.20 

1.74 

2.81 

1.80 

27 

1.60 

1.80 

1.50 

1.74 

2.50 

4.80 

12.... 

1.90 

1.40 

1.20 

1.65 

2.80 

1.74 

28 

1.60 

1.80 

1.60 

1.85 

2.85 

5.40 

18.... 

1.90 

1.40 

1.25 

1.80 

2.21 

1.70 

29 

1.60 

1.80 

1.71 

1.87 

2.40 

4.60 

14.... 

1.90 

1.40 

1.20 

1.90 

2.06 

1.70 

80 

1.50 

1.80 

1.95 

1.80 

2.43 

8.60 

15.... 

1.80 

1.40 

1.20 

1.94 

2.18 

1.70 

81 

1.50 

1.80 

2.00 

8.40 

16.... 

1.80 

1.40 

1.20 

1.94 

2.25 

1.70 

DUNOEKESS  RIVER  AT  DUNGENE88,    WASHINGTON. 

This  river  rises  on  the  eastern  slope  of  the  Olympic  Mountains  and 
flows  in  a  general  northerly  direction,  entering  the  strait  of  Juan  de 
Fuca  at  the  town  of  Dungeness,  Washington,  about  15  miles  east  of 
Port  Angeles.  Its  mountainous  drainage  basin  is  highly  picturesque 
and  very  heavily  timbered.  Although  this  section  of  the  country 
receives  a  heavy  precipitation,  it  occurs  when  least  needed,  and  during 
the  summer  season  recourse  must  be  had  to  irrigation.  The  station 
originally  established — July  6,  1897 — was  located  9  miles  above  the 
mouth  of  the  river.  July  29,  1898,  it  was  moved  to  the  bridge  8i 
miles  below.  This  bridge  crosses  the  river  diagonally,  at  an  angle  of 
about  15^.  The  length  of  the  wire  rope  of  the  gage  is  26.04  feet. 
The  results  of  measurements  may  be  found  as  follows:  1897,  Nine- 
teenth Annual  Report,  Part  IV,  page  504;  1898,  Twentieth  Annual 
Report,  Part  IV,  page  518.  The  following  measurements  of  discharge 
were  made  by  W.  J.  Ware  during  1899: 

Discharge  measurements  of  Dungeness  River  ai  Dungeness,  Washington. 

1899. 


Date. 

Qage 
height. 

Discharge. 

Date. 

Gage, 
height. 

Discharge. 

Janmiry  81 

Feet. 
4.00 
8.80 
2.95 
8.25 

Seeondr/eet. 
440 
443 
228 
258 

May  80 

Feet. 
4.10 
4.55 
8.85 
8.25 

Second-feet. 

m 

627 
223 
205 

February  22 

July  5 

March  2& 

August  81 

April  28 

SeDtexnber  16 
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DcnUy  gage  height^  infect^  of  Dungeness  River  at  Dungenem,  WashingUmf  for  JS99. 


Day. 

Jan. 

Feb. 

8.90 
3.70 
3.66 
8.55 
8.45 
3.40 
3.45 
3.60 
3.60 
3.65 
3.70 
3.70 
3.75 
8.80 
4.20 
4.30 
4.10 
4.00 
4.80 
4.15 
8.80 
8.75 
3.70 

Mar. 

3.60 
8.66 
3.50 
3.60 
3.45 
3.40 
3.65 
3.55 
3.60 
3.60 
3.60 
3.45 
3.40 
3.85 
3.80 
3.20 
3.15 
3.15 
3.10 
3.10 
3.15 
8.10 
R.10 

Apr. 

8.00 
3.00 
3.06 
3.10 
3.20 
3.30 
3.35 
3.40 
8.45 
8.45 
3.45 
4.05 
3.90 
3.80 
8.65 
3.60 
3.45 
3.40 
3.80 
3.30 
8.26 
3.20 
3.20 
3.30 
3.35 
3.40 
3.35 
3.30 
8.26 
3.20 

Hay. 

8.20 
3.20 
8.20 
3.15 
3.20 
3.25 
3.40 
3.60 
4.65 
4.20 
4.10 
4.00 
3.85 
3.75 
3.70 
3.65 
3.80 
3.75 
3.80 
3.90 
4.00 
4.10 
4.20 
4.50 
4.65 
4.66 
4.45 
4.30 
4.20 
4.10 
4.10 

June. 

July. 

4.40 
4.46 
4.70 
4.50 

Aug. 

4.10 
4.05 
4.00 
3.95 

Sept. 

3.35 
3.40 
3.40 
3.40 
3.35 
3.35 
3.35 
3.30 
3.30 
3.35 
3.85 
3.85 
3.30 
3.30 
3.25 
3.20 
3.20 
3.20 
3.15 
3.15 
3.10 
3.10 
3.10 
3.20 
8.20 
3.15 
3.10 
3.10 
3.05 
3.05 

Oct 

3.05 
8.05 
3.00 
3.00 
2.96 
3.00 
2.95 
2.95 
2.95 
2.90 
2.90 
2.85 
2.85 
2.80 
2.80 
2.90 
3.00 
3.50 
4.05 
4.50 
4.00 
3.65 
3.40 
3.30 
3.25 
8.40 
3.56 
3.60 
3.80 
3.85 
3.95 

Nov. 

3.80 
3.85 
3.90 
3.95 
3.95 
3.95 
3.95 
4.00 
4.20 
5.40 
6.55 
4.90 
5.40 
6.00 
5.60 
5.40 
5.45 
5.S5 
7.10 
6.00 
5.76 
5.90 
5.00 
5.50 
6.00 
7.45 
7.65 
7.» 
7.20 
9.00 

Dec. 

1 

3.65 
3.46 
3.40 
3.80 
3.20 
3.10 
3.00 
2.95 
3.00 
3.85 
3.66 
3.15 
3.05 
3.30 
3.15 
3.25 
3.40 
4.80 
4.40 
4.80 
5.20 
4.70 
4.65 
4.60 
4.50 
4.40 
4.36 
4.30 
4.20 
4.10 
4.00 

4.25 
4.50 
4.60 
4.45 
4.45 
4.40 
4.40 
4.60 
4.70 
4.80 
4.90 
5.00 
4.65 
4.55 
4.75 
4.90 
5.05 
4.95 
4.85 
4.65 
4.65 
4.65 
4.60 
4.50 
4.60 
4.40 
4.80 
4.80 
4.25 
4.85 

8.10 

2 

7.20 
6.00 
5.00 
4.80 
4.60 
4.35 
4.20 
4.00 
3.90 
3.90 
3.85 
3.85 
8.75 
3.70 
3.65 
3.60 
3.80 
4.00 
4.50 
5.C0 
6.25 
6.50 
6.00 
6.60 
6.20 
4.85 
4.65 
4.60 

3 

4 

5 

4.60  4.00 
4.60  4.00 
4.55  '  3.90 

6 

7 

8 

4.60 
4.46 
4.40 
4.36 
4.40 
4.45 
4.45 
4.60 
4.65 
4.56 
4.50 
4.60 
4.40 
4.30 
4.15 
4.00 
4.06 
4.06 
4.10 
4.10 
4.15 
4.15 
4.20 
4.25 

3.85 
3.80 
3.75 
8.70 
3.60 
3.50 
3.40 
3.30 
3.20 
3.00 
2.80 
2.50 
2.35 
2.40 
2.40 
2.40 
2.40 
2.45 
2.45 
3.40 
3.35 
3.30 
3.30 
3.36 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

3.60  3.05 

25 

3.60 
3.60 
3.55 
3.60 

3.00 
2.96 
8.00 
3.00 
3.00 
3.00 
8.00 

26 

27 

28 

29 

30 

4.40 

31 

4.40 

ELWHA   RIVER  AT  MCDONALD,  WASHINGTON. 

This  river  rises  in  the  Olympic  Mountains  and  flows  northerly,  enter- 
ing the  strait  of  Juan  de  Fuca.  Its  upper  basin  is  very  heavily  wooded, 
and  is  almost  inaccessible  on  account  of  its  rugged  character  and  the 
dense  undergrowth  that  covers  the  mountain  slopes.  In  the  lower 
course  of  the  river  a  number  of  falls  occur  where  power  eovild  be 
advantageously  developed,  and  within  the  last  few  years  surveys  hav- 
ing this  object  in  view  have  been  made. 

Morse  River  drains  a  small  area  east  of  Elwha  River.  It  flows 
northward,  entering  the  strait  of  Juan  de  Fuca  4  miles  east  of  Port 
Angeles.  Plans  contemplating  the  use  of  this  stream  for  the  city  sup- 
ply of  Port  Angeles  are  under  consideration.  The  river  also  fur- 
nishes opportunities  for  the  development  of  water  power.  Three 
measurements  of  the  discharge  of  the  river  were  made  by  W.  J.  Ware 
in  1899.  The  first,  on  June  3,  showed  a  discharge  of  242  second-feet; 
the  second,  on  July  6,  showed  a  discharge  of  189  second-feet;  the  thini 
on  September  15,  gave  a  discharge  of  62  second-feet. 

Indian  Creek  is  a  tributary  of  Elwha  River,  entering  it  from  the 
west  about  one-fourth  of  a  mile  below  the  gaging  station.  On  JTune  10 
it  was  discharging  45  second-feet. 

Little  River  is  another  tributary  of  Elwha  River  and  enters  it  from 
the  east  side  about  one-fourth  of  a  mile  below  the  bridge  at  which  the 
gaging  station  on  the  main  stream  is  located.  On  June  16  it  ^was  car- 
rying 84  second-feet. 
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Clallam  River  drains  an  area  in  northwest  Washington,  entering  the 
strait  of  Juan  de  Fuca  at  the  town  of  East  Clallam.  On  March  22, 
1899,  its  discharge,  as  measured  by  W.  J.  Ware,  was  found  to  be  45 
second-feet. 

The  gaging  station  on  Elwha  River,  established  October  8,  1897,  is 
located  9  miles  southwest  of  Port  Angeles,  at  the  new  county  bridge 
of  Clallam  County,  Washington.  The  horizontal  rod  of  the  wire  gage 
is  fastened  to  the  guard  rail  at  the  north  side  of  the  bridge.  The 
length  of  the  gage  wire  is  49.26  feet.  The  bench  mark  is  the  top  edge 
of  the  top  side  rail  on  the  north  side  of  the  bridge  at  the  third  upright 
post  from  the  east  end,  and  is  at  an  elevation  of  41.84  feet  above  datum. 
The  channel  is  straight  for  some  distance  above  and  below  the  station. 
Both  banks  are  high  and  rocky  and  will  not  overflow.  The  bed  of  the 
stream  is  rocky.  The  results  of  measurements  may.  be  found  as  fol- 
lows: 1897,  Nineteenth  Annual  Report,  Part  IV,  page  506;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  521.  The  following  discharge 
measurements  were  made  by  W.  J.  Ware  during  1899: 

January  27,  gage  height,  3.29  feet;  discharge,  1,978  second-feet. 
March  18,  gage  height,  2.20  feet;  dischaiige,  674  second  feet. 
March  31,  gage  height,  1.75  feet;  discharge,  547  second-feet. 
April  24,  gage  height,  2.15  feet;  discharge,  727  second-feet. 
June  16,  gage  height,  4.10  feet;  discharge,  2,420  second-feet. 
July  31,  gage  height,  3.40  feet;  discharge,  1,644  second-feet. 
August  30,  gage  height,  1.95  feet;  dischai^,  586  second-feet 

DaUy  gage  fieight,  in  feet,  of  Elwha  River  at  McDonald,  Washington,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

2.48 
2.44 
2.26 
2.20 
2.18 
2.22 
2.65 
2.85 
2.46 
2.42 
2.34 
2.27 
2.19 
2.16 
1.99 
1.96 
2.00 
2.20 
1.91 
1.86 
1  90 
1.84 
1.83 
1.76 
1.74 
1.62 
1.63 
1.61 
1.70 
1.78 
1.76 

Apr. 

1.80 
1.74 
1.63 
1.70 
1.69 
1.72 
1.86 
1.90 
1.84 
2.20 
3.33 
3.58 
3.42 
2.60 
2.48 
2.34 
2.80 
2.25 
2.14 
2.12 
2.08 
2.07 
2.06 
2.10 
2.06 
2.00 
1.97 

May. 

2.00 
1.96 
1.91 
1.90 
2.04 
2.06 
2.24 
3.13 
3.43 
3.42 
8.81 
3.28 
3.19 
3.02 
2.96 
2.90 
2.40 
2.89 
2.45 
2.47 
2.70 
2.74 
2.78 
3.45 
3.64 
3.64 
8.71 

June. 

3.79 
3.60 
3.96 
3.96 
3.66 
3.40 
3.83 
3.72 
3.85 
4.46 
4.62 
3.85 
3.86 
8.66 
3.80 
4.01 
4.46 
4.15 
4.02 
3.T7 
8.74 
3.75 
3.80 
3.94 
3.88 
3.75 
8.64 
3.48 
3.35 
3.32 

July. 

3.40 
3.70 
3.90 
4.10 
4.01 
3.90 
3.75 
3.60 
3.66 
3.60 
3.40 
3.60 
3.92 
4.02 
4.15 
4.10 
4.06 
4.10 
3.96 
3.73 
3.64 
3.40 
3.33 
8.42 
3.32 
8.50 
3.66 
8.64 
8.74 
3.66 
3.89 

Aug. 

Sept. 

2.16 
2.16 
1.96 
1.91 
1.94 
1.91 
1.82 
1.76 
1.72 
1.69 
2.00 
2.02 
1.98 
1.96 
1.77 
1.74 
1.72 
1.72 
1.66 
1.65 
1.66 
1.71 
1.66 
1.78 
1.82 
1.80 
1.79 
1.63 
1.61 
2.86 

Oct. 

2.01 
1.60 
1.68 
1.67 
1.66 
1.56 
1.64 
1.80 
1.09 
1.66 
1.61 
1.60 
1.35 
1.80 
1.81 
1.96 
1.68 
1.80 
3.28 
8.88 
2.62 
2.19 
2.07 
2.00 
1.98 
2.06 
3.36 
3.86 
3.00 
2.39 
2.10 

Nov. 

Dec. 

1 

2.86 
2.84 
2.70 
2.48 
2.40 
2.24 
2.19 
2.10 
2.20 
2.85 
2.40 
2.28 
2.34 
2.68 
2.40 
2.48 
3.45 
4.52 
3.90 
4.93 
5.00 
4.10 
3.80 
3.45 
3.72 
3.38 
3.29 
8.22 
3.10 
2.97 
3.80 

8.00 
2.70 
2.62 
2.61 
2.47 
2.84 
2.82 
2.74 
3.13 
2.67 
2.69 
2.79 
2.87 
3.29 
4.94 
6.00 
3.66 
8.52 
8.46 
3.25 
2.92 
2.80 
2.99 
2.80 
2.09 
2.85 
2.58 
2.56 

8.16 
3.15 
3.15 
8.00 
2.90 
2.90 
2.85 
2.76 
2.97 
3.30 
2.75 
2.68 
2.60 
2.65 
2.42 
2.60 
2.70 
2.56 
2.49 
2.40 
2.82 
2.35 
2.37 
2.20 
2.20 
2.20 
2.04 
2.01 
1.96 
1.90 
1.90 

2.09 
1.95 
2.60 
2.66 
2.09 
2.03 
2.96 
2.66 
4.78 
4.73 
6.11 
3.88 
5.58 
6.48 
4.64 
3.98 
8.65 
6.46 
8.83 
5.65 
5.62 
6.31 
6.46 
6.22 
4.87 
8.09 
7.80 
8.38 
6.67 
10.00 

6.30 
6.68 
4.80 
4.71 
4.85 
8.96 
8.92 
8.66 
8.62 
8.64 
8.80 
8.53 
3.20 
8.19 
2.99 
2.96 
2.96 
2.70 
2.61 
8.16 
6.26 
8.57 
6.45 
5.10 
4.98 
4.60 
4.19 
8.86 
3.82 
8.79 
8.69 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

2.06  ;  3.29 

2  08     8.20 

2.04  '  3.18 

'  8.25 

29 

30 

81 
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GALOWA   RIVER  AT  FORKS,   WASHINGTON. 

This  river  ban  its  source  on  the  western  slopes  of  the  Olympic  Moan- 
tains,  and  flows  in  a  general  westerly  and  southerly  direction,  uniting 
with  the  Solduck  and  Bogachiel  rivers,  to  form  Quillayute  River,  which 
enters  the  Pacific  Ocean  at  Lapush,  Washington.  The  gaging  station, 
established  November  12, 1897,  is  located  at  the  county  highway  bridge 
in  the  southwestern  part  of  Clallam  County,  near  Forks,  Washington, 
and  is  reached  by  steamer  from  Port  Angeles  to  Clallam  Bay,  and 
thence  overland  30  miles  by  wagon.  The  horizontal  rod  of  the  wire 
gage  is  nailed  to  the  railing  of  the  wagon  bridge.  The  banks  are  high 
and  rocky,  and  do  not  overflow.  The  results  of  measurements  may  be 
found  as  follows:  1897  and  1898,  Twentieth  Annual  Report,  Part  IV, 
page  522.  Three  measurements  of  discharge  were  made  by  W.  J.  Ware 
during  1899.  The  first,  on  March  24,  at  a  gage  height  of  1.65  feet, 
gave  a  discharge  of  584  second-feet;  the  second,  on  June  23,  at  a  gage 
height  of  0.85  foot,  showed  a  discharge  of  265  second-feet;  the  third 
measurement,  on  September  12,  at  a  gage  height  of  0.20  foot,  showed 
a  discharge  of  81  second-feet 


DaUy  gage  height,  in  feet,  of  Oaiowa  River  at  Forks,  WaakingUm,  for  1S99. 


Day. 


Jan. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


■| 


2.86 
2.00 
2.70 
2.85 
2.80 
2.60 
2.20 
2.06 
2.86 
7.45 
5.25 
5.00 
4.85 
5.40 
6.80 
6.00 
8.00 
8.45 
9.00 


20 1  10.80 


21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


8.00 
6.80 
5.00 
4.00 
4.25 
4.00 
3.60 
8.00 
2.85 
2.45 
2.40 


Feb. 

Mar. 

Apr. 

May. 
2.20 

June. 

July. 

2.25 

5.20 

1.40 

1.65 

.60 

1.85 

8.85 

1.06 

2.25 

1.85 

.60 

1.80 

8.65 

2.45 

2.25 

1.80 

.60 

1.65 

3.45 

2.25 

2.45 

1.66 

.60 

1.65 

3.60 

2.20 

2.20 

1.60 

.60 

1.85 

3.06 

2.20 

2.20 

1.45 

.45 

2.00 

5.60 

2.06 

2.20 

1.40 

.45 

2.45 

5.00 

2.05 

8.00 

1.25 

.45 

3.65 

5.20 

2.65 

2.25 

1.25 

.45 

3.00 

5.00 

2.06 

3.00 

1.45 

.40 

3.20 

3.85 

7.60 

2.85 

1.65 

.40 

4.00 

3.45 

5.40 

2.25 

1.60 

.25 

4.60 

3.06 

4.80 

2.20 

1.40 

.20 

7.06 

2.85 

8.45 

2.20 

1.20 

.20 

7.60 

2.60 

3.60 

2.20 

1.20 

.25 

6.06 

2.40 

3.45 

2.25 

1.20 

.25 

6.85 

2.05 

3.20 

2.25 

1.20 

.20 

6.60 

2.00 

3.20 

2.20 

1.06 

.20 

6.00 

1.85 

3.40 

2.20 

1.00 

.20 

4.00 

1.85 

2.80 

2.20 

.80 

.25 

3.80 

1.80 

2.45 

2.05 

.85 

.20 

8.20 

1.80 

2.40 

2.06 

.80 

.20 

3.05 

1.85 

2.20 

2.00 

.86 

.05 

3.20 

1.65 

2.20 

1.86 

.85 

.05 

3.60 

1.60 

2.25 

1.85 

.85 

.00 

5.20 

1.60 

2.80 

1.85 

1.40 

.00 

5.00 

1.45 

2.60 

2.25 

1.00 

.00 

5.60 

1.45 

2.20 

2.06 

.86 

-.05 

1.45 

2.45 

2.00 

.80 

-.05 

1.45 

2.00 

1.85 

.65 

-.20 

1.45 

1.85 

-.06 

Aug. 


0.00 
0.05 
0.00 
0.00 

-  .05 

-  .20 
.05 
.00 
.00 
.06 
.20 
.06 
.20 
.05 
.00 
.05 
.06 
.00 
.00 

-  .05 

-  .15 

-  .06 

-  .20 

-  .20 

-  .25 

-  .25 

-  .25 

-  .25 
.25 

-  .25 

-  .20 


Sept 

Oct. 

Nov. 

-.20 

.00 

1.45 

-.25 

.00 

1.20 

-.20 

.00 

2.85 

-.05 

-  .05 

2.20 

.00 

-  .20 

2.05 

-.05 

-  .05 

2.20 

-.26 

-  .06 

2.40 

-.25 

.00 

2.60 

-.20 

.06 

5.06 

-.20 

.06 

4.85 

-.25 

.00 

5.00 

-.20 

-  .06 

4.60 

-.26 

-  .20 

4.45 

-.25 

-  .20 

5.06 

-.25 

+  .06 

5.00 

-.25 

1.80 

4.25 

-.40 

1.06 

8.65 

-.40 

.80 

11.40 

-.40 

3.85 

8.20 

-.45 

4.45 

a25 

-.60 

2.65 

8.45 

-.60 

2.05 

8.05 

-.60 

1.65 

8.25 

-.60 

2.25 

6.25 

-.46 

L80 

5.05 

-.40 

LOO 

6.45 

-.46 

4.20 

7.25 

-.66 

8.80 

6.65 

-.20 

-8.60 

5.00 

.25 

2.20 
1.85 

13.00 

Dec. 


8.25 
5.20 
4.40 
4.65 
4.85 
4.85 
4.80 
4.65 
4.45 
4.40 
4.25 
4.20 
4.20 
4. 2D 
a.  25 
2.45 
2.  GO 
2.40 
2.25 
4.25 
7.86 
14.60 
7.85 
6.C0 
5.60 
4.45 
4.40 
4.40 
4.25 
4.25 
4.20 


SOLDUCK   RIVER  AT  QUIUATUTE,  WASHINGTON. 

This  river  has  its  source  on  the  high  western  slope  of  the  Olympic 
Mountains,  and  drains  the  country  immediately  north  of  the  CaJowa, 
joining  it,  as  noted  above,  to  form  Quillayute  River.    The  drainage 
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basin  is  very  heavily  wooded,  the  greater  portion  of  it  being  included 
in  the  Olympic  Forest  Reserve.  The  station,  established  Novenaber 
13,  1897,  is  located  at  the  county  highway  bridge  9  miles  northeast  of 
Lapush,  near  Quillayute,  Washington.  The  horizontal  rod  of  the 
wire  gage  is  fastened  to  the  rail  of  the  wagon  bridge.  The  channel  is 
straight  for  some  distance  above  and  below  the  station.  The  banks 
are  high  and  rocky  and  do  not  overflow.  The  bed  of  the  stream  is 
composed  of  rock  and  gravel  and  is  not  liable  to  change.  The  results 
of  measurements  for  1897  and  1898  may  be  found  in  the  Twentieth 
Annual  Report,  Part  IV,  page  523.  Three  measurements  of  discharge 
were  made  by  W.  J.  Ware  in  1899:  The  first,  on  March  24,  at  a  gage 
height  of  3.15  feet,  showed  a  discharge  of  1,023  second-feet;  the 
second,  on  June  23,  at  a  gage  height  of  3.20  feet,  gave  a  discharge  of 
800  second-feet;  the  third,  on  September  12,  at  a  gage  height  of  1.55 
feet,  gave  a  discharge  of  297  second-feet. 

Doily  gage  height^  in  feet,  of  Solduck  River  ai  QaiUayvie^  Washington,  for  1899, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

4.20 
8.95 
3.70 
3.66 
8.40 
3.85 
3.80 
3.25 
8.25 
5.45 
5.26 
4.76 
4.60 
5.60 
6.00 
6.86 
6.85 
9.70 
7.65 
8.80 
8.75 
6.85 
6.10 
5.80 
5.60 
5.40 
5.06 
4.80 
4.46 
4.50 
4.65 

4.35 
4.10 
3.90 
8.76 
3.66 
3.66 
3.60 
3.65 
4.06 
4.60 
4.26 
4.75 
5.35 
6.70 
9.30 
6.96 
7.60 
6.40 
6.00 
6.50 
5.20 
4.95 
4.65 
4.55 
4.45 
4.50 
6.30 
5.10 

5.00 
4.90 
4.66 
4.65 
4.35 
4.25 
5.05 
5.70 
5.10 
4.90 
4.60 
4.66 
4.46 
4.25 
3.95 
3.75 
3.60 
3.50 
3.40 
3.35 
3.25 
3.25 
8.20 
3.10 
3.05 
3.00 
2.90 
2.85 
2.86 
2.80 
2.75 

2.76 
2.76 
2.90 
8.20 
8.10 
8.05 
3.00 
2.95 
8.20 
4.05 
5.10 
7.80 
5.40 
4.75 
4.25 
4.35 
4.25 
4.15 
4.10 
4.00 
4.05 
4.05 
3.80 
8.70 
3.65 
3.60 
8.66 
3.65 
3.70 
8.75 

3.60. 
8.40 
3.85 
3.80 
3.25 
3.25 
8.80 
3.50 
4.45 
4.00 
5.06 
4.45 
4.06 
3.80 
3.60 
3.65 
3.70 
3.50 
3.40 
3.35 
3.35 
3.40 
3.40 
3.80 
3.90 
3.80 
3.85 
3.75 
3.50 
3.85 
3.30 

3.80 
8.66 
3.60 
3.86 
3.80 
3.50 
3.30 
3.20 
3.40 
3.80 
3.85 
3.80 
3.85 
3.35 
3.30 
8.45 
3.75 
8.60 
8.45 
8.35 
3.20 
3.15 
3.20 
3.20 
3.20 
3.20 
3.85 
3.10 
3.00 
2.90 

2.85 
2.95 
3.46 
8.20 
3.05 
2.95 
2.90 
2.90 
2.85 
2.86 
2.85 
2.80 
2.90 
3.00 
3.00 
3.05 
3.00 
2.95 
2.90 
2.85 
2.66 
2.60 
2.60 
2.55 
2.60 
2.70 
2.70 
2,75 
2.80 
2.70 
2.60 

2.50 
2.40 
2.80 
2.26 
2.20 
2.30 
2.80 
2.25 
2.35 
2.50 
2.55 
2.45 
2.30 
2.35 
2.30 
2.10 
2.15 
2.20 
2.05 
2.00 
1.95 
1.90 
1.90 
1.85 
1.85 
1.80 
1.80 
1.75 
1.75 
1.76 
1.70 

1.70 
1.66 
1.66 
1.70 
1.70 
1.65 
1.65 
1.60 
1.60 
1.65 
1.55 
1.65 
1.50 
1.45 
1.45 
1.40 
1.45 
1.46 
1.40 
1.40 
1.40 
1.35 
1.36 
1.86 
1.36 
1.36 
1.35 
1.36 
1.80 
1.55 


1.70 
1.80 
1.70 
1.60 
1.50 
1.50 
1.66 
1.55 
1.50 
1.65 
1.66 
1.50 
1.60 
1.45 
1.56 
1.80 
2.10 
2.35 
2.80 
3.45 
4.20 
3.65 
3.00 
3.00 
2.96 
2.96 
4.10 
6.00 
4.30 
8.45 
8.00 

2.96 
2.80 
2.70 
3.20 
3.20 
8.25 
3.30 
3.55 
3.46 
5.40 
5.30 
5.10 
4.65 
6.60 
6.70 
5.35 
6.30 
8.20 

12.70 
9.60 
8.45 
7.80 
7.50 
7.40 
7.15 
7.10 
7.05 
9.40 
7.66 

10.30 
....... 

9.45 
7.65 
6.60 
6.45 
6.30 
6.10 
5.95 
5.85 
5.70 
6.55 
7.05 
6.40 
5.70 
5.40 
4.90 
4.60 
4.60 
4.20 
4.26 
4.35 
9.30 
9.50 
11.20 
9.35 
7.90 
6.40 
5.70 
5.65 
6.60 
5.80 
5.60 

2 

S 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

81 

SACRAMENTO   RIVER  AT  JELLYS  FERRY,  CALIFORNIA. 

This  river  rises  in  the  extreme  northeastern  corner  of  California 
and  flows  in  a  general  southerly  direction,  draining  the  large  area  in 
northern  California  between  the  Coast  Range  on  the  west  and  the 
Sierra  Nevada  on  the  east.  It  discharges  into  San  Francisco  Bay.  A 
number  of  storage  reservoirs  have  been  constructed  on  the  various 
tributaries  of  the  river,  and  are  used  principally  for  hydraulic  mining 
purposes  and  to  a  less  extent  for  irrigation.     The  gaging  station, 
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established  April  30, 1895,  is  located  12  miles  above  the  town  of  Red- 
bluff,  at  the  crossing  of  the  county  road  at  Jellys  Ferry.  The  gage 
consists  of  a  vertical  rod  made  in  three  sections  and  nailed  firmly  to 
trees  near  the  ferry  landing.  A  second  rod  is  located  1,206  feet  above 
the  gage,  and  a  third  one  350  feet  below  the  main  rod,  in  order  to 
determine  the  slope  of  the  water  surface.  The  three  rods  are  referred 
to  the  same  datum.  Bench  mark  No.  1  is  on  an  oak  tree  on  the  left 
bank,  1,200  feet  above  the  ferry  and  65  feet  north  of  the  upper  rod« 
and  is  22.724  feet  above  gage  datum.  Bench  mark  No.  2  is  on  an  oak 
tree  on  the  left  bank  of  the  river,  300  feet  below  the  cable,  and  is  22.429 
feet  above  gage  datum.  The  ferry  cable  is  used  in  the  discharge 
measurements.  The  channel  for  1,000  feet  above  and  below  the  sta- 
tion is  nearly  straight.  The  right  bank  is  high,  but  the  left  bank  is 
liable  to  overflow  when  the  water  rises  above  the  25-foot  mark.  The 
bed  of  the  stream  consists  of  gravel  and  changes  only  slightly. 
Results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  367;  1897,  Nineteenth  Annual  Report, 
Part  IV,  page  509;  1898,  Twentieth  Annual  Report,  Part  IV,  page  527. 
The  following  measurements  of  discharge  were  made  under  the  direc- 
tion of  J.  B.  Lippincott: 

Discharge  meaturemenU  of  Sacramento  River  at  Jellys  Ferry ^  California. 


1898. 

December  28 

1899. 

Janiiu7l4.. 
January  28.. 
PebraarylS. 
Febraarv28. 
March  13  . . . 
March  29  .. 
April  13 


Gaffe 
he^ht. 

Diflcharge. 

FeH. 
5.3 

I 
SeGondrfeei,^ 

1 

11.4 

1 

21,211  : 

7.5 

10,299    , 

5.9 

5,848 

6.1 

6,880    1 

6.15 

6,644    1 

11.5 

21,965 

7.8 

10,659 

1899. 

April  28 

May  13 

June  8 

June  13 

June  28 

July  13 

July28 

August  13 

August  28 

September  13 
September  28 


Discharge. 


FeeL 
7.3 

Sietnond-fed. 

7.ais 

6.65 

7,680 

6.9 

8.409 

5.9 

6,104 

5.5 

4,866 

5.25 

4.276 

5.05 

4.025 

5.0 

8,969 

5.0 

3,764 

5.0 

4,087 

5.0 

4,000 
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I>aily  gage  height,  in  feet,  of  Sacramento  River  at  Jellys  Ferry,  California,  for  1899, 


Day. 

Jan. 

Feb. 

1 

5.55 

6.10 

6.20 

5.75 

5.65 

5.60 

6.00 

5.95 

5.90 

13.65 

10.05 

7.75 

7.15 

10.90 

16.20 

16.00 

11.05 

13.10 

10.70 

8.85 

8.25 

7.95 

7.65 

7.35 

7.15 

7.15 

7.35 

7.50 

7.56 

7.45 

7.15 

7.05 
6.85 

2 

8 

6.70  ■ 

4 

6.40 
6.15 
6.00 
6.00 
6.00 
5.90 
5.90 
5.90 
5.90 
5.90 
6.00 
6.00 
6.15 
6.15 
6.20 
6.40 
6.60 
6.70 
6.30 
6.50 
6.50 
6.40 
6.30 
6.10 
6.10 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

31 

i 

Mar. 


8.40 

8.70 

8.00 

7.50 

7.30 

7.10 

7.00 

6.90 

6.70 

6.60 

6.50 

6.40 

6.30 

6.80 

8.80 

18.95 

12.90 

10.00 

8.80 

8.60 

8.70 

9.70 

14.80 

20.40 

23.00 

16.60 

13.90 

12.40 

11.40 

10.40 

9.80 


Apr. 

May. 

9.50 

6.60 

9.80 

6.60 

8.90 

6.50 

8.80 

6.50 

8.70 

6.50 

8.50  6.50 

8.30  6.50 

8.40 

6.60 

8.30 

6.50 

8.30 

6.50 

8.10 

6.60 

8.00 

6.60 

7.80 

6.60 

7.70 

6.60 

7.60 

6.50 

7.60 

6.40 

7.50 

6.30 

7.40 

6.30 

7.20 

6.30 

7.20 

6.30 

7.20 

6.20 

7.00 

6.00 

7.00 

6.10 

7.00  !  6.10 

7.00  6.20 

6.90 

6.20 

6.80 

6.20 

6.80 

6.10 

6.70 

6.10 

6.70 

6.10 

6.00 

June. 


9.20 
7.30 
6.90 
6.70 
6.60 
6.50 
6.30 
6.20 
6.10 
6.10 
6.00 
6.00 
5.90 
5.80 
6.70 
5.70 
5.60 
5.60 
5.50 
5.60 
5.50 
5.60 
5.50 
5.50 
5.60 
6.60 
5.60 
6.60 
5.50 
5.60 


July. 


5.40 
5.40 
5.40 
5.40 
5.40 
6.40 
5.30 
6.30 
5.30 
5.30 
6.30 
6.30 
6.30 
5.30 
5.20 
5.20 
5.20 
6.20 
6.20 
6.20 
6.20 
5.20 
5.10 
5.10 
5.10 
5.10 
5.10 
6.10 
6.10 
5.10 
6.10 


Aug. 


5.10 
5.00 
5.00 
6.00 
6.00 
6.00 
5.00 
5.00 
6.00 
6.00 
6.00 
6.00 
6.00 
5.00 
6.00 
5.00 
5.00 
6.00 
5.00 
6.00 
6.00 
5.00 
5.00 
5.00 
5.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 


Sept. 


5.00 
5.00 
5.00 
6.00 
5.00 
6.00 
5.00 
5.00 
5.00 
6.00 
6.00 
6.00 
5.00 
6.00 
5.00 
6.00 
5.00 
5.00 
5.00 
6.00 
5.00 
6.00 
5.00 
5.00 
5.00 
6.00 
5.00 
5.00 
6.00 
6.00 


Oct. 


6.00 
6.00 
5.00 
6.00 
5.00 
5.00 
5.00 
6.00 
5.00 
5.00 
6.00 
6.00 
5.10 
5.10 
5.10 
5.10 
6.00 
6.10 
5.10 
7.66 
7.60 
7.30 
6.90 
6.90 
5.70 
6.60 
5.60 
6.50 
5.80 
6.40 
6.60 


Nov. 


5.60 
6.40 
6.40 
6.40 
6.40 
5.40 
5.40 
5.40 
6.40 
10.80 
14.60 
8.20 
7.60 
7.60 
7.00 
7.70 
11.10 
8.70 
9.00 
7.60 
9.10 
9.40 
8.20 
7.60 
7.40 
7.10 
8.20 
17.80 
18.20 
14.60 


Dec. 


11.20 
9.70 
8.90 
8.30 
8.70 
7.90 
7.60 
7.90 
7.60 
7.40 
8.70 
10.20 
9.00 
8.70 
16.80 
12.40 
11.70 
10.00 
8.90 
8.30 
8.10 
7.80 
7.70 
7.70 
7.40 
7.40 
7.30 
7.20 
7.10 
8.90 
8.60 


SAN   MATEO   CREEK,    CALIFORNIA. 

San  Francisco  obtains  its  domestic  water  supply  from  a  series  of 
impounding  reservoirs  located  in  the  southern  portion  of  the  peninsula 
between  San  Francisco  Bay  and  the  Pacific  Ocean.  The  drainage 
basin  of  these  reservoirs  ranges  in  elevation  from  250  to  1,800  feet, 
with  an  average  of  about  750  feet.  The  hills  are  undulating.  There 
is  a  limited  growth  of  timber  on  the  northern  slopes  near  the  summit, 
but  a  large  amount  of  brush  covers  other  portions  of  the  basin.  On 
the  southern  slopes  and  crests  the  hills  are  frequently  bare  of  biiish, 
but  are  covered  with  grasses.  The  Spring  Valley  Water  Company 
owns  the  entire  area  of  the  drainage  basin  and  protects  the  forest 
covering,  not  even  permitting  grazing  within  its  limits.  Mr.  Herman 
Schussler,  chief  engineer  of  the  water  company,  has  furnished  this 
office  with  a  statement  of  the  rainfall  and  run-off  of  the  drainage 
basins  which  contribute  to  the  water  supply  under  the  control  of  the 
company.  The  table  given  below  extends  from  1869  to  the  present 
date,  and  shows  the  seasonal  rainfall,  together  with  the  percentage 
collected  in  the  reservoirs.  The  record  is,  therefore,  thirty  years  in 
length,  and  is  by  far  the  oldest  table  of  run-off  in  the  State,  thus 
making  it  of  unusual  value.  The  seasonal  year,  rather  than  the  calen- 
dar, is  given.  Column  No.  1  shows  the  year;  column  No.  2  the  inches 
of  rainfall  in  the  respective  basins;  column  No.  3  the  percentage  of 
this  rainfall  which  is  caught  and  delivered,  the  evaporation  being 
deducted.     The  portion  of  the  discharge  table  marked  "  Southeasterly 
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portion  of  the  water^ed  southeast  of  old  dam,"  etc.,  refers  to  the 
area  above  the  reservoir,  which  was  constructed  at  an  early  date.  At 
a  later  period,  at  a  point  lower  down  the  stream,  the  Crystal  Springs 
dam  was  constructed  and  flooded  water  over  the  top  of  the  origiiud 
dam  and  into  the  valleys  of  other  streams.  This  explains  the  change 
in  the  description  of  the  drainage  basin  which  occurs  in  1888.  The 
portion  of  the  table  marked  ''  Above  southeasterly  and  northeasterly 
portion  of  peninsula  watershed,  total  Crystal  Lake  drainage,"  is  for 
the  entire  area  above  the  Crystal  Springs  gage  datum.  The  remark- 
able variation  in  percentage  strikingly  illustrates  the  necessity  for 
storing  water  from  the  drainage  basins  in  order  to  provide  for  periods 
of  drought.  In  the  western  portion  of  the  drainage  basin  there  was 
practically  no  run-oflf  in  the  season  of  1876-77,  and  in  the  easterly  por- 
tion of  the  basin  there  was  practically  no  run-off  in  the  seasons  of 
1881-82,  1882-83,  and  1897-98.  It  would  therefore  be  necessary  to 
store  enough  water  in  the  reservoirs  to  furnish  a  supply  for  two 
summers  and  at  least  one  winter.  Another  feature  of  interest  in 
this  table  is  that  while  the  run-off  in  the  seasons  of  1881-82  and 
1882-83  was  practically  nothing  from  the  easterly  portion  of  the  basin, 
the  percentage  of  i*ainfall  in  the  western  portion  of  the  watershed  was 
29.4  and  23,  respectively. 

RainfaU  and  run-off  from  batin  of  San  Mateo  Greek,  OaUfomia, 


Year. 

Rainfall. 

Run-off. 

Year. 

Rainfall.  1 

1 

Run-off. 

Western  portion  of  peninsula 
waterened: 
1869-70 

Inches. 
41.96 
31.70 
80.42 
39.31 
48.88 
44.26 
69.24 
23.83 
72.51 
56.10 
56.14 
63.81 
34.23 
33.89 
64.99 
88.25 
61.90 
34.44 
37.53 
41.17 
73.67 
37.69 
43.10 
58.25 
54.90 
66.93 
49.45 
60.47 
26.26 
42.56 

Per  cent. 
22.6 

9.8 
31. 4 
28.4 
29.6 
21.2 
39.2 
.7 
87. 8 
29.2 
85.0 
48.0 
29.4 
23.0 
88.2 
80.0 
43.9 
29.1 
29.2 
28.1 
44.7 
22.8 
13.3 
24.4 
21.8 
26.2 
21.0 
34.0 

9.6 
17.7 

Southeasterly  portion  of  pe- 
ninsula watershed  (south- 
east from  old  dam) : 
1877-78 

1 

Inches,   i 
57.7    ' 
43.12 
48.01 
88.78 
S&.02 
23.06 
40.32 
25.67 
36.  S8 
28.61 
82.96 
36.70 

PtreaiL 

1870-71 

29.3 

1871-72 

1878-79 

12.2 

1872-73 

1         1879-80 

15.1 

1873-74 

1880-81 

34.1 

1874-75 

1881-82 

.9 

1875-76 

1882-^ 

.0 

1876-77 

1883-84 

26^S 

1877-78 

1884-86 

13.1 

1878-79 

1885-^ 

S.1 

1879-80 

1886-87 

9.7 

1880-81 

1887-88 

5.S 

1881-82 

1888-80 

7.4 

1882-83 

Total 

1883-84 

4S4.58 
86.21 

179.5 

1884-85 

Mean 

14.91 

1885-86 

Above    southeasterlT    and 
northeasterly  portions  of 
peninsula  watershed,  total 
Crystal  Lalce  drainage: 
1889-J90 

1886-87 

72.68 
81. 9e 
24.16 
47.07 
88.08 
66.77 
32.  G2 
86.62 
18.17 
90.87 

1887-88 

1888-89 

1889-90 

1890-91 

S3.2 

1891-92 

1890-91 

2i.4 

1892-93 

1891-92 

&0 

1893-94 

1892-93 

34.S 

1894-95 

1898-94 

29.0 

1895-96 

1894-96 

3S.$ 

1896-97 

1895-96 

l€.t 

1897-98 

1896-97 

19.3 

1896-99 

1897-96 

ao 

1898-49 

ILO 

Total 

1,460.83 
48.36 

808.2 
26.94 

Total '.... 

Meafi .XX. 

881.46 
88.15 

290.1 

Mean  ... 

23L(& 
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STANISLAUS   RIVER  AT  OAKDALE,  CALIFORNIA. 

This  river  has  its  source  on  the  western  slope  of  the  Sierras  Nevada 
in  California.  It  drains  a  country  between  the  basins  of  Mokelumne 
River  on  the  north  and  Tuolumne  River  on  the  south,  and  flows  in  a 
general  southwesterly  direction,  entering  San  Joaquin  River  23  miles 
above  Stockton.  A  number  of  canals  divert  water  from  this  stream, 
on  either  side,  the  principal  one  being  the  canal  of  the  Stanislaus  and 
San  Joaquin  Water  Company,  which  irrigates  lands  in  the  vicinity  of 
Oakdale  and  between  Knights  Ferry  and  Stockton.  The  present  loca- 
tion of  the  station  is  1,000  feet  below  the  railroad  bridge  and  one-half 
mile  north  of  the  town  of  Oakdale,  California.  The  station  as  first 
established,  May  3,  1896,  was  at  the  railroad  bridge,  but  on  July  30, 
1898,  a  cable  was  stretched  across  the  river  at  the  present  location,  at 
J.  W.  Bell's  ranch  house.  The  channel  of  the  river  is  straight  for 
some  distance  above  and  below  the  station,  but  the  bed  is  of  sand  and 
liable  to  shift  at  times  of  sudden  change  in  the  volume  of  the  river. 
On  this  account  numerous  discharge  measurements  will  have  to  be 
made  each  year  in  order  to  construct  an  accurate  rating  curve  for  the 
station. 

The  canal  of  the  Stanislaus  and  San  Joaquin  Water  Company  divei-ts 
water  from  Stanislaus  River  at  a  point  3  miles  above  Knights  Ferry, 
or  approximately  15  miles  above  Oakdale.  The  volume  of  this  canal 
at  what  is  known  as  Section  3  was  rated  on  June  1,  1898,  by  turn- 
ing in  various  amounts  of  water  and  measuring  the  same  with  a  meter. 
It  was  found  on  June  6,  1899,  that  silt  had  accumulated  in  the  bottom 
of  the  flume  at  the  old  gage,  and  a  new  station  was  adopted.  This 
point  was  rated  similarly  to  the  one  of  the  year  previous.  The  super- 
intendent for  the  canal  company,  James  Y.  Beveridge,  kindly  reports 
the  depths  of  water  at  this  station,  and  from  the  rating  tables  dis- 
charges are  computed.  The  observations  on  the  gage  rod  are  accurate, 
but  during  the  spring  and  fall,  when  the  amount  of  water  which  is  used 
for  irrigation  is  not  important,  it  is  diflicult  to  obtain  accurate  reports, 
because  it  is  of  no  particular  interest  to  the  canal  company  to  record 
them.  The  results  of  measurements  may  be  found  as  follows:  1896, 
Eighteenth  Annual  Report,  Part  TV,  page  371;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  511;  1898,  Twentieth  Annual  Report, 
Part  rV,  page  530.  The  following  measurements  of  discharge  of  the 
Stanislaus  and  San  Joaquin  Water  Company's  canal  were  made  under 
the  direction  of  Mr.  J.  B.  Lippincott  during  1899: 

^  May  19,  gage  height,  0.46  foot;  discharge,  73.5  second-feet. 
June  6,  gage  height,  2.37  feet;  discharge,  71.40  second-feet. 
June  6,  gage  height,  2.95  feet;  discharge,  52. 2S  second-feet. 
June  6,  gage  height,  3.64  feet;  discharge,  30.60  second-feet. 
June  6,  gage  height,  4.S5  feet;  discharge,  0.00  second-feet. 


1  Measurement  made  at  old  station:  new  rod  read  2.28. 
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Edimaied  daily  diMharge  of  Stanislaus  and  San  Joaquin  Water  Oompany*s  canal  for  1899. 


Day. 

Apr. 

32 

86 

0 

0 

69 

0 

0 

15 

36 

51 

62 

65 

66 

65 

61 

64 

May. 

June. 

July. 

Day. 

Apr. 

May. 

June. 

1 

July. 

1 

65 
62 
62 
62 
-      62 
60 
69 
72 
74 
75 
74 
78 
74 
72 
71 
78 

69 
71 
70 
70 
71 
71 
72 
72 
72 
73 
78 
0 
65 
67 
73 
68 

49 
41 
33 
84 
32 
41 
39 
41 

17 

66 
67 
69 
71 
75 
76 
78 
73 
71 
67 
67 
67 
67 
67 

75 
76 
74 
74 
73 
76 
76 
75 
74 
72 
69 
67 
69 
69 
66 

72( 

68  . 
69 

69  1 
67 
65  ' 

^\ 

50 

48 
48  ( 
53, 

1 

1 

.57 

2 

18 

57 

3 

19 

57 

4 

20 

M 

5 

21 

57 

6 

22 

56 

7. 

23 

57 

8 

24 

56 

9 

43 
41 
46 
62 
62 
55 
52 
46 

25 

54 

10 

26 

47    , 

11 

27 

61 

12 

28 

57 

13 

29 

0 

14 

30 

55   ' 

15 

31 

53    1 

16 

Measuremenis  of  SUmidaus  River  ai  OakdaU,  California. 

1899. 


»«*«•                  he5{5ft 

Diflchaxge. 

Date. 

Gage 
hel^t 

1 
Di8cbaxge.j 

1 

March  3 

FeeL 
5.18 

Second-feet. 

8,873 
2,634 
8.057 
8,599 

June  28 

/fed. 
6.3 
4.53 
4.41 
5.41 

1 

Srcrmd-feiLi 

1,167   ' 

ADril20 

8.8 
7.68 
7.94 
8.42 

Aiifrit<ft3 

143   1 

May  18 

September  9 

88 

June  5 

December  6 

531 

June  18 

1 

1 

Daily  gage  heightj  infeetj  of  Stanislaus  River  at  Oahdale,  California,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

6.60 
6.50 
6.60 
6.50 
6.60 
6.70 
6.80 
7.00 
7.60 
8.00 
9.20 
10.20 
10.00 
9.20 
8.60 
8.60 
820 
7.80 
7.40 
7.20 
7.80 
7.60 
7.70 
7.60 
7.10 
6.80 
6.80 
6.80 
6.80 
7.00 
7.00 

June. 

July. 

Aug. 

4.60 
4.50 
4.50 
4.50 
4.60 
4.60 
4.80 
4.80 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.50 
4.60 
4.50 
4.50 
4.50 
4.60 
4.60 
4.70 
4.40 
4.40 
4.40 
4.40 
4.40 
4.60 
4.40 

Sept 

Oct 

4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.50 
4.40 
4.50 
4.50 
4.50 
4.50 
4.60 
5.00 
5.00 
4.80 
4.50 
4.40 
4.40 
4.60 
4.80 
5.80 
6.20 
6.00 
5.60 
5.40 
5.20 
5.00 
4.80 
5.00 
4.80 

Nov. 

5.00 
4.80 
4.80 
4.60 
4.50 
4.60 
4.40 
4.40 
5.20 
6.40 
7.20 
7.00 
6.80 
6.40 
6.40 
7.40 
7.00 
7.00 
6.80 
6.60 
6.20 
7.00 
6.60 
6.20 
5.80 
6.00 
6.00 
6.80 
5.70 
5.80 

Dec.   ' 

1 

1 

4.30 
4.80 
5.60 
4.80 
4.60 
4.50 
4.50 
4.40 
4.40 
5.10 
6.25 
5.40 
6.00 
4.80 
5.00 
4.80 
4.80 
5.00 
5.20 
5.20 
5.50 
5.50 
5.40 
5.40 
5.60 
5.50 
5.50 
5.60 
5.40 
5.20 
5.20 

5.00 
5.00 
4.80 
4.80 
4.60 
4.50 
4.50 
4.60 
4.60 
4.60 
4.70 
4.70 
4.70 
4.80 
4.80 
4.70 
4.80 
5.00 
5.30 
5.50 
5.60 
5.40 
5.40 
5.90 
5.20 
5.20 
5.20 
5.20 

5.20 
5.10 
5.10 
5.00 
5.00 
4.80 
4.80 
4.70 
4.80 
5.00 
4.80 
4.80 
4.80 
5.00 
6.60 
6.90 
6.00 
5.60 
5.40 
7.80 
6.10 
5.90 
11. 10 
13.30 
16.60 
11.70 
10.00 
10.30 
9.00 
8.60 
8.00 

7.60 
7.40 
7.20 
7.20 
7.80 
7.80 
8.70 
8.80 
9.60 
9.80 
9.00 
9.00 
8.80 
9.00 
8.80 
9.60 
9.60 
9.10 
8.80 
8.80 
8.90 
9.10 
8.80 
8.60 
&20 
7.60 
7.40 
7.00 
7.00 
6.50 

7.50 
7.60 
7.60 
7.70 
7.60 
8.40 
8.20 
8.50 
8.20 
8.30 
8.50 
9.80 
8.60 
8.30 
8.20 
8.00 
8.40 
8.60 
8.20 
7.60 
7.10 
7.00 
6.90 
6.90 
6.60 
6.60 
6.40 
6.40 
6.10 
6.00 

6.00 
6.10 
6.00 
5.90 
5.80 
5.60 
5.60 
5.60 
5.50 
5.60 
5.50 
5.40 
5.40 
5.30 
5.10 
5.10 
5.00 
4.90 
4.80 
4.60 
4.60 
4.70 
4.80 
4.80 
4.70 
4.70 
4.70 
4.60 
4.70 
4.70 
4.60 

4.40 
4.40 
4.60 
4.40 
4.40 
4.50 
4.40 
4.40 
4.40 
4.30 
4.40 
4.50 
4.60 
4.40 
4.40 
4.40 
4.40 
4.90 
4.30 
4.80 
4.90 
4.80 
4.20 
4.90 
4.30 
4.20 
4.20 
4.90 
4.40 
4.40 

5.60 

2 

5.60   1 

3 

5.70   , 

4 

5.60   ' 

6 

5  40   1 

fi 

5.50 

,      7 

5.40    1 

8 

5.40 

9 

,    10 

5.  SO 
5.40 

11 

5.40 

12 

5.90 

13 

7.80   5 

14 

6.00 

16 

7.00 

16 

9  60 

17 

8.80 

is::::::::: : 

8.40 

19 

7.50 

20 

7.0D 

21 

6.80 

22 

6.50 

23 

6.30 

24 

6.20 

25 

6.20   > 

26 

6.00 

27 

6.00   ' 

28 

6.20   \ 

29 

6.00 

30 

6.40   ' 

31 

6L80   i 

( 

CALIFORNIA.  393 

TUOLUMNE   RIVER  AT  LAGRANGE,    CALIFORNIA. 

This  river  rises  on  the  western  slope  of  the  Sierras  Nevada  in  Cali- 
fornia, and  drains  the  country  located  between  Stanislaus  River  on  the 
north  and  Merced  River  on  the  south.  The  northern  half  of  the 
Yosemite  National  Park  includes  a  portion  of  the  drainage  basin  of 
this  stream.  The  river  is  fed  largely  from  small  mountain  lakes  occur- 
ring high  in  the  drainage  basin,  where  the  snow  remains  on  the  moun- 
tain slopes  throughout  the  vear,  thus  insuring  a  large  run-oflf.  The 
stream  has  a  heavy  fall,  and  the  opportunities  for  power  development 
are  numerous.  There  are  also  a  number  of  reservoir  sites  in  the  basin 
where  water  could  be  stored  during  the  irrigation  season.  The  station, 
established  August  29, 1895,  is  located  at  the  wagon  bridge  in  the  town 
of  Lagrange,  California.  The  rod  is  vertical  and  bolted  to  the  right- 
hand  pier  of  the  bridge.  The  bench  mark  is  a  nail  driven  into  the 
bottom  of  the  west  post  of  the  fifth  bent  south  of  the  south  iron  cylin- 
der, and  is  15.31  feet  above  gage  datum.  The  station  is  located  below 
the  high  dam  of  the  Turlock  and  Modesto  irrigation  districts,  and  also 
below  the  head  of  the  canal  of  the  Lagi*ange  Hydraulic  Mining  Com- 
pany. This  latter  canal  diverts  water  from  the  left  bank  of  the  river 
3  miles  above  Lagrange  dam.  During  1898  water  was  first  turned 
down  the  Turlock  canal  in  small  quantity,  and  was  used  for  puddling 
the  banks  and  testing  dams  of  certain  reservoirs.  Whenever  measure- 
ments at  the  gaging  station  were  made,  the  Turlock  canal  and  the 
mining  company's  canal  were  also  measured.  The  channel  at  the 
station,  both  above  and  below  the  bridge,  is  straight  for  several  hun- 
dred feet,  and  the  velocity  of  the  stream  is  quite  uniform.  Both  banks 
are  high  and  not  subject  to  overflow.  The  results  of  measurements 
may  be  found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV, 
page  381;  1897,  Nineteenth  Annual  Report,  Part  IV,  page  513;  1898, 
Twentieth  Annual  Report,  Part  IV,  page  532.  The  following  meas- 
urements were  made  under  the  direction  of  J.  B.  Lippincott  during 
1899: 

Discharge  measurements  of  Turlock  canal  for  1899. 

April  20,  discharge,  10  second-feet. 
April  21,  discharge,  10  second-feet. 
May  19,  discharge,  61  second-feet. 
June  6,  discharge,  10  second-feet. 
June  29,  discharge,  18  second-feet. 
August  3,  discharge,  85  second-feet. 
September  11,  dischai^,  29  second-feet 
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Ettimaied  daUy  dtBcharge  of  Turlock  canal  for  1899.  a 


Day. 

July. 

Aug. 

Sept 

Oct 

Nov. 

1 

1   Day. 

July. 

Aug. 

Sept 

Oct 

Not. 

0 
0 
0 
0 
0 
0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

5 

6 

5 

5 

5 

5 

6 

5 

10 

10 

10 

10 

10 

10 

10 

10 

80 
80 
80 
80 
80 
80 
1 

20 
20 
85 
85 
85 
85 
85 
85 
85 

84 
84 
34 
34 
34 
84 
34 
34 
34 
84 
84 
8 
8 
8 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

3 
8 
3 
8 
3 
3 
3 
8 
3 
8 
3 
1 
1 
0 
0 
0 

17 

10 

48 

48 

48 

10 

5 

8 

8 

8 
28 

85 
85 
85 
86 
86 
86 
10 
8 
8 
8 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 

1 

1 
1 
1 
s 

8 
3 
8 
8 
8 
8 
8 
3 
3 

18 

19 

20 

21 

22 

23 

0  1 

24 

0  1 

25 

0 

26 

0 

27 

0 

28 

0 

29 

0 

30 

0 

31 

a  The  quantitieB  are  not  included  in  volumes  diachaiged  at  the  Lagrange  bridge.    There  was  do 
flow  durmg  the  months  of  January  to  June,  inclusive,  nor  during  December. 

Discharge  mecuiuremerUs  of  Lagrange  Hydraulic  and  Mining  Company's  canal  for  /599. 

April  20,  diflchai^,  23.5  eecond-feet. 
April  21,  discharge,  23.5  second-feet 
May  19,  discharge,  24  seoond-feet. 
June  6,  discharge,  24  second-feet 
Jane  29,  discharge,  24  second-feet 
August  3,  dischargCi  24  second-feet 
September  11,  dischaiige,  24  sec  ond-feet 

Discharge  measurements  of  Tuolumne  River  at  Lagrange,  Calif orma,  for  1899. 

March  3,  gage  height,  5  feet;  discharge,  774  second-feet 
April  20,  gage  height,  7.55  feet;  discharge,  5,712  seoond-feet. 
April  21,  gage  height,  7.85  feet;  discharge,  6,943  second-feet. 
May  19,  gage  height,  6.72  feet;  discharge,  3,616  second-feet. 
June  6,  gage  height,  8.47  feet;  dischaiige,  8,964  seoond-feet. 
June  29,  gage  height,  6.15  feet;  discharge,  2,347  second-feet« 
August  3,  gage  height,  3.70  feet;  discharge,  23  second-feet. 
September  11,  gage  height,  3.58  feet;  discharge,  12  second-feet. 
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Daily  gage  height^  in  feet  j  of  TiLohimne  Rwer  at  Lagrange,  Calif (mvia,  for  J  899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.60 
6.60 
6.60 
6.40 
6.90 
7.10 
7.40 
7.  GO 
7.90 
7.80 
7.80 
7.80 
7.90 
8.00 
ft.  10 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

3.70 
3.65 
3.60 
3.60 
3.55 
3.55 
3.55 
3.50 
3.60 
3.50 
3.50 
3.60 
3.60 
4.70 
4.60 
4.60 
4.40 
4.60 
4.70 
4.80 
4.80 
6.10 
5.70 
5.40 
5.20 
5.20 
5.10 
5.00 
5.00 
5.60 
5.60 

Nov. 

6.30 
5.00 
4.90 
4.90 
4.90 
4.90 
5.10 
5.60 
6.20 
7.70 
7.10 
7.00 
6.80 
6.00 
6.60 
7.10 
6.80 
6.70 
6.70 
6.50 
6.70 
6.60 
6.50 
6.80 
5.68 
5.60 
5.40 
5.60 
5.70 
5.60 

Dec. 

1 

4.10 
4.30 
4.60 
4.  SO 
4.27 
4.20 
4.22 
4.35 
4.32 
4.32 
5.95 
5.12 
4.72 
4.60 
4.42 
4.35 
4.92 
4.92 
4.92 
4.82 
4.80 
4.80 
4.87 
4.82 
4.72 
4.72 
4.80 
4.85 
4.97 
4.92 
4.80 

4.77 
4.75 
4.70 
4.70 
4.65 
4.60 
4.62 
4.62 
4.63 
4.67 
4.75 
4.75 
4.85 
4.95 
5.00 
4.90 
4.90 
5.02 
5.20 
5.40 
5.60 
5.50 
5.40 
5.40 
5.30 
5.20 
5.10 
5.10 

5.00 
5.00 
5.00 
4.90 
4.90 
4.90 
5.10 
5.20 
5.80 
5.20 
5.10 
5.00 
4.80 
4.80 
4.90 

6.10 
6.00 
6.00 
6.00 
6.80 
6.10 
6.10 
6.40 
6.90 
7.40 
8.10 
8.80 
8.40 
8.80 
7.40 
7.90 
7.00 
7.80 
7.30 
7.70 
7.30 
7.10 
7.40 
7.30 
7.00 
6.40 
6.40 
6.50 
6.90 
6.90 
6.90 

7.10 
6.90 
6.80 
7.20 
8.10 
8.60 
8.50 
8.40 
8.70 
8.80 
8.80 
8.70 
8.50 
8.00 
7.90 
8.00 
7.90 
7.80 
7.70 
7.80 
7.40 
6.90 
6.80 
6.80 
6.60 
6.30 
6.40 
6.20 
6.10 
6.10 

6.20 
6.10 
6.00 
6.00 
5.90 
5.80 
5.70 
5.60 
5.50 
5.40 
5.30 
5.20 
5.20 
5.10 
5.10 
5.00 
5.00 
4.90 
4.90 
4.90 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 
4.60 
4.60 
4.55 
4.50 

4.40 
4.30 
4.20 
4.20 
4.10 
4.00 
4.00 
4.50 
4.60 
4.60 
4.60 
4.40 
4.80 
4.10 
3.90 
4.00 
8.90 
3.90 
3.90 
8.90 
3.80 
8.80 
4.10 
4.10 
4.00 
4.00 
3.90 
3.80 
8.80 
8.90 
8.80 

3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
8.70 
3.70 
3.70 
3.60 
3.70 
3.70 
3.70 
3.80 
3.80 
8.80 
S.BO 
S.80 
3.80 
3.75 
3.70 
8.60 
8.70 
3.70 
8.70 
8.70 
8.65 
3.70 
3.70 
8.60 

5.60 
5  50 
5.40 
5.40 
5.80 
5.20 
6.20 
6.20 
5.20 
5.10 
5.20 
5.50 
6.60 
7.30 
7.90 
8.20 
6.90 
6.80 
6.90 
6.80 
7.00 
6.80 
6.90 
6.80 
6.80 
6.90 
6.70 
6.70 
6.90 
6.80 
6.40 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

IS 

14 

15 

16 

6.60     A- 20 

17 

6.30 
5.70 
5.60 
6.20 
5.90 
5.80 
9.10 
11.40 
12.60 
8.60 
7.70 
7.50 
7.10 
6.80 
6.60 

7.90 
7.80 
7.50 
7.60 
7.80 
7.80 
7.50 
6.90 
6.60 
6.40 
6.30 
6.30 
6.20 
6.10 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

29 

30 

81 

SAN   JOAQUIN    BIVEK   AT   HERNDON,  CALIFORNIA. 

The  headwater  tributaries  of  this  river  receive  the  drainage  f  i^in 
the  crests  of  the  Sierras  Nevada  north  of  Mount  Whitney.  The  fall 
of  the  river  is  rapid,  with  many  favorable  locations  for  power  develop- 
ment, and  in  one  case  advantage  has  been  taken  of  the  fall  on  the 
North  Fork  and  a  power  plant  constructed  developing  electric  power 
for  transmission  to  Fresno  and  Hanford,  California.  During  the  last 
year  a  second  storage  reservoir  has  been  under  course  of  construc- 
tion on  the  North  Fork,  which  will  tend  further  to  regulate  the  flow 
of  the  river.  No  permanent  diversions  above  the  gaging  station  are 
made,  but  the  water  is  extensively  used  below  for  irrigation  purposes. 
The  station  was  established  by  the  Southern  Pacific  Railway  Company 
in  1879.  The  old  trestle  bridge  was  torn  down  by  the  railroad  com- 
pany during  the  last  year  and  a  new  iron  structure  was  erected  in 
its  place.  This  necessitated  a  new  gage  rod,  which  was  referred 
to  the  datum  of  the  old  gage  and  bolted  to  the  western  side  of  the 
central  concrete  pier.  The  bench  mark  is  a  nail  in  a  post-  at  the 
south  end  of  the  bridge  on  the  west  side,  0.2  foot  above  the  ground 
and  marked  "B.  M."  It  is  at  an  elevation  of  24.12  feet  above  gage 
datum.  The  channel  for  some  distance  above  and  below  the  bridge 
is  straight  and  the  water  has  a  uniform  velocity.  The  right  bank  is 
high,  rocky,  and  steep.  The  bed  of  the  stream  is  of  sand  and  gravel. 
The  results  of  measurements  may  be  found  as  follows:  1896,  Eighteenth 
Annual  Report,  Part  IV,  page  387;  1897,  Nineteenth  Annual  Report^ 
IRR  38 7 
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Pkrt  IV,  page  616;  1898,  Twentieth  Annual  Report,  Part  IV,  page 
629.  The  following  discharge  measurements  were  made  under  the 
direction  of  J.  B.  Lippincott  during  1899: 

Disdiarye  mtasureniaUii  of  Sati  Joaquin  River  at  Uemdoriy  Galifornia. 

1899. 


Dale. 

Ga«e 
beiiht. 

Diiicharge. 

DaUf. 

Gage 
heigtaL 

1 

t 

Diachai^re.  \ 

March5 

F\s€t. 
8.25 
6.84 
7.00 
5.76 

Second-fed. 

786 

5,810 

7,435 

4,177 

Jane  27 

4.90 
3.32 
2.67 

1 
Srctmd-feeL 

%m 

743 
196 

April  18 

August  1 

May  18 

September  8 

June  2 

SeDtember  8a 

269 

a  This  measurement  was  made  at  PoUasky,  California.    The  measurement  made  at  the  regaltr 
gaging  station  at  6  p.  m.  showed  a  loss  by  evaporation,  etc,  of  73  second-feet  in  18  milo. 

DaHy  gage  height,  injeet^  of  San  Joaquin  River  at  Hemdon^  California,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.67 
2.67 
2.67 
2.75 
2.67 
2.67 
2.67 
2.67 
2.92 
3.00 
8.25 
3.67 
3.25 
3.00 
3.00 
3.00 
8.08 
8.08 
3.08 
3.06 
3.08 
3.00 
8.17 
3.08 
3.08 
3.00 
3.00 
3.17 
3.17 
3.17 
3.17 

3.17 
8.17 
3.17 
3.08 
3.00 
3.00 
3.00 
3.00 
2.92 
2.92 
3.00 
3.00 
3.00 
3.00 
3.00 
3.08 
3.17 
3.17 
3.17 
3.50 
3.54 
3.58 
3.58 
3.58 
3.58 
3.42 
3.83 
3.25 

8.25 
8.25 
8.25 
8.25 
3.25 
3.25 
3.25 
3.25 
3.42 
3.42 
3.42 
3.33 
8.26 
3.26 
8.26 
8.25 
8.62 
3.  SO 
3.83 
3.37 
3.62 
3.67 
4.58 
9.21 
10.40 
8.75 
7.17 
5.75 
5.62 
6.37 
4.91 

4.71 
4.56 
4.42 
4.42 
4.62 
4.67 
5.75 
6.67 
6.83 
6.29 
6.04 
6.17 
6.21 
6.38 
6.68 
7.08 
6.70 
G.29 
6.33 
6.21 
6.26 
6.17 
6.25 
5.91 
5.38 
5.04 
6.00 
4.92 
4.88 
4.54 

4.29 

4.88 

4.25 

4.25 

4.29 

4.38 

4.50 

4.50 

4.71 

5.25 

6.21 

6.96 

6.96 

6.71 

6.13 

5.67 

5.6S 

5.58 

5.58 

5.46 

5.26 

6.54 

6.00 

6.08 

5.92 

5.58. 

5.25 

6.17 

6.17 

6.79 

5.38 

6.63 
6.63 
6.42 
6.38 
6.71 
6.64 
7.13 
7.17 
7.50 
7.75 
7.67 
7.58 
7.42 
7.13 
7.00 
6.96 
6.92 
6.79 
6.71 
6.79 
6.50 
6.00 
5.88 
5.67 
5.88 
5.67 
5.13 
4.83 
4.96 
5.00 

6.06 
4.96 
5.00 
4.% 
4.92 
4.63 
4.54 
4.42 
4.25 
4.21 
4.17 
4.17 
4.17 
3.96 
3.92 
3.88 
.3.83 
3.83 
3.75 
3.75 
8.75 
3.75 
3.75 
3.58 
8.50 
8.67 
3.75 
3.64 
3.50 
8.50 
3.60 

3.33 
8.26 
3.25 
3.25 
8.25 
3.00 
3.00 
3.00 
3.08 
3.06 
8.17 
3.17 
8.06 
3.06 
8.00 
2.92 
2.92 
2.83 
2.83 
2.83 
2.88 
2.83 
2.83 
2.83 
2.83 
2.83 
2.83 
2.88 
2.75 
2.75 
2.76 

2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.68 
2.  SO 
2.50 
2.50 
2.50 
2.50 
2.60 
2.42 
2.42 
2.42 
2.42 
2.42 
2.83 
2.88 
2.33 
2.83 
2.83 
2.38 
2.33 

2.38 
2.33 
2.33 
2.33 
2.33 
2.33 
2.33 
2.26 
2.25 
2.25 
2.26 
2.25 
2L83 
2.42 
2.« 
2.58 
2.58 
2.58 
2.68 
2.66 
2.66 
2.75 
3.83 
3.33 
3.00 
8.00 
2.96 
2.86 
2.80 
2.80 
2.75 

2.75 
2-70 
2.63 
2.67 
2.67 
2.67 
2.56 
2.56 
2.58 
2.50 
8.50 
8.25 
S.66 
3.67 
8.60 
8.29 
3. 68 
8.50 
8.29 
8.17 
8.17 
8.17 
3.83 
8.21 
8.17 
8.25 
8.06 
3.08 
8.00 
3.00 

3.00 

3.00 

3. 00 

3.00 

3.00 

3.00 

2.75 

2.75 

2.75 

2.75 

2.75 

2.67 

SuOO 

2.87 

3w20 

6.00 

&12 

4.16 

4.10 

8.91 

8.8S 

8.67 

3.54 

8.33 

3.33 

3.25 

3.25 

8.25 

3.25 

8.25 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

iO 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

31 

&90 
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PART    V. 


MEASUREMENTS    AT    RIVER    STATIONS.^ 


KINOS  EIVER  AT   RED  MOUNTAIN,  CALIFORNIA, 

This  river  rises  on  the  western  slope  of  the  Sierra  Nevada  in  Fresno 
County 5  California.  The  waters  coming  from  the  high  catchment  basin 
are  probably  of  greater  value  for  irrigation  purposes  than  those  of  any 
other  stream  in  central  California,  being  used  exclusively  for  the  rais- 
ing of  grapes  and  deciduous  fruits  in  the  neighborhood  of  Fresno, 
Selma,  and  Hanford.  The  summer  flow  of  this  river  is  now  entirely 
diverted,  and  during  the  dry  season  of  the  last  few  years  the  scarcity 
of  water  has  worked  many  hardships.  There  is  a  large  surplus  of 
water  in  this  river  in  the  spring  of  the  year,  due  to  the  melting  of 
snows,  which  is  now  going  to  waste,  and  which,  if  stored  in  suitable 
reservoirs,  would  bring  larger  areas  under  cultivation.  The  moun- 
tainous basin  of  this  river  has  never  been  systematically  explored  for 
reservoir  sites.  Two  gaging  stations  were  formerly  maintained  on 
the  river;  one  at  Red  Mountain  and  the  other  at  Kingsburg,  Califor- 
nia. The  station  at  Red  Mountain,  established  September  3,  1895,  is 
located  15  miles  east  of  Sanger,  California,  and  southwest  of  Red 
Mountain.  The  station  is  on  what  is  called  "  the  lower  section  of  No. 
9"  of  the  lumber  flume.  It  is  located  at  the  mouth  of  the  canyon, 
above  all  diversions.  The  bed  of  the  stream  is  of  gravel,  and  few 
changes  have  been  noticed  in  the  cross  section  since  the  establishment 
of  the  station.  The  results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  392;  1897,  Nineteenth 
Aqnual  Report,  Part  IV,  page  519;  1898,  Twentieth  Annual  Report, 
Part  IV,  page  535.  The  following  discharge  measurements  were  made 
under  the  direction  of  J.  B.  Lippincott  during  1899: 

Discharge  measurements  of  Kings  River  at  Red  Mouniainj  California. 

1899. 


Date. 

Gage 
height. 

Discharge. 

Date. 

Gage 
height. 

Discharge. 

Aprill9 

8.8 
8.15 
7.86 
7.23 

Secondrfeet. 
5,Il>9 
4.422 
8,964 
8,049 

August  2 

Feet. 
4.66 
8.8 
4.86 
5.3 

Secondrfeet. 

206 

458 

a974 

Mityl5    

September  4 

June  3 

December  8 

June  26 

December  21 

a  Measured  at  point  2  miles  below  gaging  station. 


iCoutlnaed  from  Water-Supply  and  Irrigation  Paper  No.  88. 
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Daily  gage  height,  in  feet,  of  Kings  River  at  Red  Mourdmn,  California^  fcir  1899. 


Day. 

Jan. 

3.80 
3.80 
4.00 
4.20 
3.90 
3.90 

Feb. 

Mar. 

Apr. 

6.40 
6.40 
6.60 
6.60 
7.60 
7.80 
8.00 
8.40 
8.60 
8.60 
8.70 
8.70 
8.70 
9.00 
9.80 
9.50 
8.90 
9.10 
8.60 
9.00 
9.20 
9.30 
9.00 
8.30 
8.30 
7.70 
7.50 
7.70 
6.60 
7.10 

May. 

June. 

July. 

Aug. 

Sept. 

3.80 
3.80 
3.80 
3.90 
3.90 
3.80 
3.80 
3.70 
3.80 
3.70 
3.70 
8.70 
3.80 
3.70 
3.70 
8.70 
3.70 
3.70 
3.60 
3.70 
8.60 
8.60 
3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 

Oct 

3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.65 
3.70 
3.85 
3.95 
4.00 
4.50 
4.10 
4.20 
4.25 
4.25 
4.30 
5.65 
5.40 
4.70 
4.50 
4.45 
4.45 
4.40 
4.40 
4.35 
4.30 

Nov. 

^.'' 

1 

4.60 
4.70 
4.60 
4.40 
4.40 
4.40 
4.80 
4.40 
4.40 
4.50 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.70 
4.70 
4.80 
5.10 
5.40 
5.40 
5.30 
5.30 
5.80 
5.10 
4.90 
4.90 

4.90 
4.90 
4.90 
4.90 
4.90 
5.00 
5.00 
5.10 
5.20 
6.10 
5.10 
4.90 
4.80 
4.80 
4.70 
4.90 
4.90 
5.00 
5.00 
5.40 
6.50 
6.40 
7.80 
9.70 
13.80 
8.20 
7.70 
7.10 
7.30 
6.80 
6.20 

6.90 
6.80 
6.80 
6.80 
6.00 
7.00 
7.10 
7.80 
7.70 
7.80 
7.90 
7.70 
7.80 
7.90 
7.70 
7.80 
7.90 
8.00 
8.20 
7.70 
8.30 
8.20 
8.30 
8.40 
8.00 
7.90 
7.90 
8.40 
8.50 
8.40 
7.90 

8.50 

8.40 

8.40 

8.00 

8.70 

10.00 

10.10 

10.00 

10.20 

10.30 

10.40 

10.50 

10.00 

9.40 

9.60 

9.60 

9.50 

9.40 

9.10 

9.00 

8.50 

8.30 

8.10 

8.10 

7.70 

7.50 

7.10 

7.30 

7.80 

7.30 

7.30 
7.30 
7.30 
7.10 
6.60 
6.80 
6.60 
6.30 
6.20 
6.10 
6.00 
5.90 
5.80 
5.70 
5.60 
5.60 
5.50 
5.40 
5.50 
5.40 
5.30 
6.30 
5.20 
6.10 
5.30 
5.30 
5.20 
5.10 
5.00 
4.90 
4.80 

4.70 
4.70 
4.60 
4.60 
4.40 
4.40 
4.50 
4.50 
4.40 
4.40 
4.40 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.10 
4.20 
4.10 
4.10 
4.00 
4.10 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
8.90 
3.80 

4-20 
4.20 
4.10 
4.20 
4.20 
4.10 
4.10 
4.05 
4.80 
5.50 
4.80 
5.40 
5.10 
4.90 
4.70 
6.70 
5.20 
5.00 
4.80 
4.60 
4.70 
5.00 
4.80 
4.70 
4.70 
4.70 
4.70 
4.60 
4.  GO 
4.50 



4.50 

2 

4.40    1 

3 

4.40 

4 

4.40 

6 

4.50    , 

G     

4.40    ' 

7 

4.00 
4.20 
4.10 
4.20 
5.80 
5.00 
4.70 
4.60 
4.50 
4.60 
4.60 
4.60 
4.60 
4.50 
4.50 
4.50 
4.60 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.70 
4.60 

4.30    , 

8 

4.30 

9 

4.40 

10 

4.20 

11 

4.30 

12 

4.40    . 

13 

4.40 

14 

4.60 

15 

5.40 

16 

8.60 

17 

6.40 

18 

5.80 

19 

5.60 

20 

5.40 

21 

5.30 

22 

5.20    ' 

23 

5.20 

24 

5.20 

25 

5.20    1 

26 

5.20 

27 

5.20 

28 

5*.  10 

29 

5.10    ' 

30 

7.10 

31 

6.40    ' 

KINGS  RIVER  AT  KINOSBURO,  CALIFORNIA. 

The  Southern  Pacific  Railway  Company  has  maintained  gage  read- 
ings at  the  railroad  bridge  1  mile  south  of  Kingsburg  since  1879. 
Attempts  have  been  made  in  previous  years  to  establish  a  rating  curve 
for  this  station,  but  it  has  been  found  impossible  to  do  so  on  account 
of  the  fluctuations  of  the  water  surface  caused  by  the  manipulation  of 
the  head  gates  of  the  People's  canal,  2  miles  below,  and  also  on  account 
of  the  changes  in  the  sandy  bed  of  the  river.  The  railroad  company 
has  maintained  daily  gage  readings  as  given  on  the  following  page. 
No  measurements  of  discharge  were  made  at  this  point  during  1899. 
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Daily  gage  lieighl,  in  feet ^  of  Kings  River  ai  Kingshurg^  California,  for  1899, 


1... 

2.... 

3... 

4... 

5... 

6... 

7... 

8.... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 


Jan. 

Feb. 

Mar. 
3.83 

Apr. 

May 
4.88 

3.92 

4.16 

4.08 

3.92 

4.08 

3.83 

4.25 

4.68 

4.00 

4.08 

3.92 

4.00 

4.25 

4.00 

4.08 

8.83 

4.17 

4.33 

3.92 

4,16 

3. 9-2 

4.25 

4.42 

3.92 

4.25 

3.92 

4.66 

4.58 

4.00 

4.25 

3.92 

6.33 

4.83 

4.00 

4.33 

3.83 

6.75 

6. -25 

4.00 

4.33 

3.83 

7.00 

5.08 

4.00 

4.25 

3.83 

7.08 

5.50 

5. 42 

4.25 

3.8:? 

7.08 

7.00 

5.8:? 

4.25 

3.83 

7.00 

8.17 

4.33 

4.16 

3.75 

7.00 

8.33 

3.66 

4.16 

3.92 

7.17 

8.08 

3.92 

4.16 

3.83 

7.25 

7.17 

3.92 

4.16 

3.92 

7.75 

7.00 

8,92 

4.16 

8.92 

7.50 

6.50 

4.00 

4.00 

8.92 

7.25 

6.67 

3.92 

4.00 

3.83 

7.08 

6.67 

4.08 

4.25 

3.92 

7.00 

6.58 

4.00 

4.25 

8.92 

7.25 

6.25 

4.00 

4.25 

8.92 

7.17 

6.33 

4.08 

4.16 

8.83 

7.08 

6.76 

4.16 

4.25 

9.33 

7.00 

7.67 

4.00 

3.83 

n.25 

6.25 

7.00 

4.00 

3.83 

8.92 

5.83 

6.58 

4.08 

4.00 

6  75 

5.83 

6.33 

4.08 

4.00 

5.50 

5.17 

6.25 

4.08 

5.33 

4.92 

6.42 

4.16 

4.75 

4.66 

6.75 

4.16 

4.42 

6.50 

June. 


6.75 
6.92 
6.67 
6.58 
6.83 
8.00 
8.50 
8.50 

o.  uo 
8.58 
9.00 
9.00 
8.75 
8.00 
8.00 
7.83 
7.50 
7.50 
7.25 
7.33 
7.00 
6.83 
6.83 
6.50 
6.60 
6.25 
6.25 
5.50 

&.  Oo 

5.75 


5.67 
5,50 
5.42 
5.00 
4.92 
4.60 
4.33 
4.25 
4.68 
4.25 
4.00 
8.67 
3.76 
4.00 
4.17 
4.00 
4.17 
4.25 
4.33 
4.25 
4.17 
4.17 
4.08 
4.00 
4.00 
4.00 
4.08 
3.92 
4.00 
4.00 
4.00 


I 


Aug. 


4.00 
4.00 
4.00 
4.00 
3.92 
3.83 
8.75 
8.83 
8,83 
8.83 
8.75 
8.68 
3.58 
3.54 
8.50 
3.46 
8.60 
8.2{) 
8.25 
3.25 
3.21 
8.17 
3.17 
8.17 
3.12 
3.08 

3.  as 

3.00 
3.00 
3.00 
3.25 


Sept. 


8.25 
3.25 
8.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.21 
3.25 
3.25 
3.25 
3.21 
3.25 
8.25 
3.25 
3.25 
8.25 
3.  2d 
3.26 
3.17 
3.17 
3.17 
3.17 
3.12 
3.08 
8.08 
3.08 
3.08 


2.83 
2.25 
2.25 
2.25 
2.26 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.33 
2.75 
3.08 
3.17 
3.25 
:?.60 
3,67 
3.75 
4.17 
6.67 


00 
58 
33 
08 
00 
4.00 
3.96 
:?.92 


Nov. 


3.92 
3.83 
3.83 
3.83 
3.75 
3.75 
3.67 
3.67 
3.83 
4.25 
5.25 
4.92 
5.60 
6.25 
5.17 
5.42 
6.83 
5.67 
5.42 
5.25 
6.33 
6.25 
5.42 


5. 
6. 
6. 
6. 


25 
17 
08 
08 
6.08 
6.17 
5.17 


De<' 


6. 
5. 
5. 
5. 
6. 
6. 


5.08 
6.08 
5.08 
.08 
.08 
.08 
33 
.08 
08 
6.08 
4.75 
4.83 
4.92 
6.75 
6.25 
8.00 
7.33 
6.83 
6.60 
6.25 


00 
00 
83 
75 
6.50 
6.00 
6.00 
5.83 
6.00 
5.83 
7.50 


KERN   RIVER  NEAR  BAKERSFIELD,  CALIFORNIA. 

This  river  issues  from  the  southern  extremity  of  the  Sierra  Nevada, 
being  formed  by  the  junction  of  the  North  Fork  and  the  South  Fork 
a  short  distance  below  Kernville.  The  run-off  from  this  basin  is 
notably  less  than  from  the  northern  tributaries  of  San  Joaquin  River, 
which  may  be  due  to  the  fact  that  a  portion  of  the  basin  is  located  east 
of  the  main  crest  of  the  mountains  and  is  therefore  protected  from 
the  water-bearing  clouds.  Most  of  the  water  of  Kern  River  is  used 
for  irrigation  by  the  large  canals  in  the  southern  end  of  San  Joaquin 
Valley.  The  winter  waters  are  in  part  stored  in  Buena  Vista  Lake, 
which  was  a  number  of  years  ago  converted  into  a  storage  reservoir. 
The  station  was  established  in  1893  bv  Mr.  Walter  James,  chief 
engineer  of  the  Kern  County  Land  Company,  and  is  located  at  what 
is  known  as  "the  first  point  of  measurement,"  5  miles  above  Bakers- 
field  and  at  the  mouth  of  the  canyon  of  the  river.  Meter  measure- 
ments are  taken  once  a  week,  and  an  automatic  gage  records  the 
fluctuations  of  the  river  heights.  Mr.  A.  K.  Warren,  the  engineer 
in  charge  of  this  work  for  the  Kern  County  Land  Company,  attends 
to  the  measurements  with  much  accuracy  and  precision,  and  furnishes 
this  office  with  the  final  results.  The  results  of  measurements  may  be 
found  as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  297; 
l.Si)7,  Nineteenth  Annual  Report,  Part  IV,  page  623;  1898,  Twentieth 
Annual  Report,  Part  IV,  page  536. 
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Diiily  dadtarge,  in  tenmd-frtt,  iif  Krm  River  at  "firit  point  of  mautirrment,"  CaSfomin 
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July. 
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Sept. 
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DnUy  dMiargfy  in  second-feel^  of  Kern  River  at  *^ first  point  of  measurement j*^  Calir 

forma — Ck>ntinued. 


1896. 


Dhv 


1.. 

2 

zV. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
lb.. 
19.. 
20.. 
21.. 
22.. 
28.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


Mean 


381 
379 
892 
888 
384 
888 
381 
881 
391 
368 
851 
356 
855 
379 
876 
886 
873 
359 
348 
856 
865 
347 
340 
857 
342 
847 
850 
837 
342 
333 
825 


363 


Feb. 

Mar. 
485 

332 

346 

414 

867 

430 

856 

436 

844 

422 

855 

402 

639 

418 

704 

427 

569 

484 

483 

458 

469 

479 

454 

448 

438 

406 

436 

888 

434 

373 

426 

373 

429 

381 

434 

374 

430 

364 

418 

333 

415 

335 

407 

348 

395 

332 

877 

823 

892 

338 

455 

355 

428 

348 

436 

341 

862 

379 

383 

434 

388 

Apr. 


890 
885 
400 
401 
881 
414 
474 
465 
451 
488 
552 
593 
601 
632 
667 
698 
718 
755 
804 
879 
944 
816 
777 
821 
996 
1,108 
1,233 
1,287 
1,227 
995 


May, 


710 


877 
790 
711 
678 
670 
632 
580 
613 
669 
712 
839 
921 
904 
928 
874 
889 
837 
807 
781 
723 
657 
611 
620 
638 
635 
613 
720 
818 
771 
675 
612 


786 


June. 

July. 

Aug. 

Sept. 

608 

899 

132 

115' 

645 

865 

134 

117 

662 

880 

125 

111 

607 

808 

127 

108 

568 

308 

181 

108 

597 

304 

188^ 

107 

634 

825 

136' 

108 

641 

341 

139 

105 

635 

819 

131 

102 

613 

288 

126 

101 

575 

284 

122 

100 

543 

262 

124 

97 

506 

267 

120 

94 

513 

252 

126 

89 

654 

275 

126 

86 

556 

267 

128 

91 

693 

248 

125 

93 

621 

288 

120 

95 

599 

229 

117 

99 

592 

205 

117 

100 

654 

197 

120 

98 

532 

189 

117 

97 

620 

188 

111 

100 

519 

184 

110 

99 

488 

162 

107 

102 

411 

155 

104 

116 

423 

157 

93 

135 

420 

151 

97 

175 

421 

186 

104 

280 

405 

131 

110 

248 

181 

116 

561 

244 

120 

116 

220 
208 
191 
190 
181 
177 
178 
165 
166 
156 
157 
152 
155 
156 
164 
166 
167 
157 
166 
152 
148 
147 
147 
148 
149 
161 
161 
146 
140 
183 
182 


Nov. 


160 


136 

141 

162 

158 

166 

178 

181 

175 

163 

161 

158 

168 

168 

168 

162 

149 

164 

159  ' 

167 

173 

184 

182 

177 

188 

186 

178 

171 

167 

173 

184 


166 


Dec. 


196 
198 
195 
192 
192 
191 
192 
191 
184 
179 
174 
160 
154 
163 
176 
189 
192 
189 
197 
198 
209 
264 
268 
280 
218 
214 
217 
214 
218 
212 
206 


199 


1899. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Mean. 


196 
195 
224 
240 
214 
212 
208 
213 
229 
268 
308 
846 
300 
284 
277 
281 
285 
292 
296 
286 
278 
269 
276 
281 
282 
275 
266 
269 
274 
274 
280 

263 


289 
300 
307 
288 
279 
275 
274 
264 
264 
274 
276 
273 
277 
281 
293 
299 
301 
300 
306 
325 
840 
859 
861 
869 
340 
824 
310 
310 


302 


803 
805 
314 
320 
306 
304 
309 
308 
313 
311 
299 
272 
267 
258 
253 
261 
262 
268 
264 
283 
819 
828 
823 
896 
2,927 
3,115 
1,605 
1,105 
877 
797 
722 

590 


678 

621 

612 

604 

624 

700 

768 

855 

925 

1,014 

988 

926 

953 

.968 

1,010 

1,049 

1,132 

1,098 

1,070 

1,042 

1,087 

1,091 

1,114 

1,104 

972 

771 
951 
709 
718 


893 


759 
712 
652 
633 
649 
659 
682 
680 
623 
588 
649 
850 
1,102 
1,258 
1,225 
1,051 
959 
913 
890 
862 
809 
794 
806 
907 
970 
928 
863 
819 
822 
885 
803 


929 

1,009 

944 

964 

1,007 

1,066 

1,361 

1,660 

1,631 

1,770 

1,926 

2,072 

1,994 

1,756 

1,568 

1,550 

1,570 

1,550 

1,561 

1,514 

1,367 

1,218 

1,160 

1,149 

1,185 

1,082 

948 

848 

846 

863 


835  1,381 


859 
866 
867 
811 
776 
763 
719 
679 
622 
663 
516 
499 
280 
468 
450 
489 
446 
389 
360 
363 
349 
888 
812 
295 
289 
292 
309 
290 
266 
256 
289 

489 


285 
229 
208 
207 
196 
191 
196 
190 
186 
184 
173 
170 
163 
155 
150 
147 
147 
142 
135 
135 
132 
130 
131 
132 
123 
119 
114 
108 
106 
106 
102 

166 


100 
101 
101 
103 
105 
106 
116 
116 
108 
108 
101 
98 
106 
110 
110 
118 
113 
116 
109 
106 
103 
100 
96 
97 
100 
104 
110 
109 
98 
93 


105 


92 

93 

90 

94 

95 

95 

97 

96 

109 

111 

114 

126 

162 

180 

191 

194 

189 

193 

209 

219 

220 

222 

223 

226 

212 

198 

187 

183 

183 

188 

189 

160 


186 
189 
185 
185 
190 
100 
196 
191 
190 
188 
204 
220 
218 
212 
830 
211 
236 
240 
238 
230 
289 
270 
278 
261 
238 
286 
228 
223 
222 
222 


221 


220 
216 
209 
204 
211 
212 
219 
216 
209 
214 
203 
195 
218 
220 
224 
267 
681 
514 
390 
824 
296 
802 
803 
816 
800 
803 
293 
280 
289 
284 
318 

278 
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OPEBATIONS   AT   BIVEB  STATIONS,  1899. — PABT   V.  fNo.39. 


MOHAVE   BIVEB  AT  VICTOB,  CALTPOBNIA. 

The  headwaters  of  this  river  have  their  source  on  the  northern  slope 
of  the  Sierra  Madre  and  flow  northerly,  finally  disappearing  in  the 
sands  of  the  Mohave  Desert.  At  Victor,  a  station  on  the  Atchison, 
Topeka  and  Santa  Fe  Railroad,  the  river  passes  through  a  narrow 
gorge,  locally  known  as  The  Narrows.  This  place  has  been  under 
investigation  as  a  possible  dam  site,  and  soundings  for  the  depth  of 
bed  rock  were  made  by  the  United  States  Geological  Survey  during 
the  season  of  1899.  The  greatest  depth  of  bed  rock  was  found  to  l>e 
54  feet.  The  diamond  drill  showed  the  rock  to  be  a  fine  granite.  A 
more  detailed  account  of  this  exploration  will  be  given  in  the  Twenty- 
first  Annual  Report,  Part  IV.  Above  The  Narrows  the  valley  broaden.'^ 
into  a  large  reservoir  site,  but  as  no  surveys  of  it  have  been  made 
the  capacity  is  unknown.  In  order  to  determine  the  amount  of  water 
available  for  storage  for  this  reservoir,  a  gaging  station  was  established 
February  27, 1899.  The  rod  is  a  2  by  6  inch  timber,  bolted  to  a  vertical 
cliff  on  right  bank  of  the  river,  600  feet  upstream  from  wagon  bridge- 
The  bench  mark  is  top  of  east  rail  of  the  Santa  Fe  track,  75  feet  south 
of  center  of  wagon  bridge  over  ti-ack.  The  zero  mark  of  rod  is  12.84 
feet  below  bench  mark.  The  following  measurements  of  discharge 
were  made  under  the  direction  of  J.  B.  Lippincott  during  1899: 

February  27,  gage  height,  1  foot;  discharge,  44  second-feet. 
May  5,  gage  height,  0.90  foot;  discharge,  32  second-feet. 
June  13,  gage  height,  0.90  foot;  dischai^,  25  second-feet. 
July  26,  gage  height,  0.85  foot;  discharge,  22  second-feet. 


Raiing  table  for  Mohave  River  at  Victor ^  OalifamicL,  1899. 


Gage  height 

1 
Dischai^e. 

Gage  height. 

Dischaige. 

1 

Feet. 
0.80 
0.85 
0.90 

Second-feet. 

22 
28 

Fett. 
LOO 
1.10 

1 

Second-feet. 
44 
60 

OALIIfOBNIA. 
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Daily  gage  heighi,  infeet^  of  Mohave  River  at  Victor,  Calif omia,  for  1899. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1.00 
1.00 


Mar. 

Apr. 
1.10 

May. 

June. 

1.00 

1.00 

1.00 

1.00 

1.10 

1.00 

.90 

1.00 

1.00 

.90 

1.00 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

.90 

1.00 

.90 

.90 

.90 

.90 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

1.00 

.90 

1.00 

.90 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

.90 

.90 

.90 

1.00 

.90 

.90 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

1.00 

.90 

1.00 

.90 

1.00 

.90 

.90 

.90 

1.10 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

1.10 

1.00 

1.00 

.90 

1.00 

.90 

1.00 

.90 

1.00 

1.00 

1.00 

.90 

1.00 

1.00 

1.00 

.90 

1.00 

1.00 

1.00 

.90 

1.00 

1.00 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

1.00 

.90 

.90 

1.00 

1.00 

.90 

1.00 

1.00 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.85 
.85 


0.90 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.90 
.90 
.80 
.85 
.85 
.85 
.85 
.85 
.85 
.90 
.90 
.85 
.85 
.85 
.85 


Sept. 

Oct. 

Nov. 

Dec. 

0.85 

0.85 

0.90 

0.90 

.85 

.85 

.90 

.90 

.85 

.85 

.90 

.90 

.85 

.85 

.90 

.90 

.85 

.85 

.90 

.90 

.85 

.85 

.90 

.90 

.85 

.85 

.85 

.90 

.85 

.85 

.85 

.90 

.85 

.a5 

.85 

.90 

.85 

.85 

.85 

.90 

.85 

.90 

.85 

.90 

.85 

.80 

.85 

.90 

.85 

.85 

.90 

.90 

.85 

.85 

1.00 

.86 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

«■■•■••• 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.85 

.90 

.85 

.90 

.90 

.85 

.90 

.90 

.85 

.90 

.90 

.85 

.90 
.90 

.90 

No  record  December  14  to  31. 


IX)S   ANGELES  RIVER  AT  THE   NARROWS,  CALIFORNIA. 

This  river  heads  immediatelj'^  south  of  Santa  Clara  Eiver,  its  various 
tributaries  receiving  their  water  supply  from  the  mountains  surround- 
ing the  San  Fernando  plains.  The  river  passes  out  of  the  lower 
end  of  the  valley  through  a  short  gorge  known  as  The  Narrows,  at 
the  lower  end  of  which  is  located  the  city  of  Los  Angeles.  The 
streams  entering  San  Fernando  Valley  have  in  the  past  brought 
down  immense  quantities  of  sand  and  gravel  from  the  mountainous 
area,  and  have  thus  formed  the  San  Fernando  plains.  This  coarse 
deposit  acts  as  a  natuml  reservoir,  absorbing  the  floods,  the  water 
gradually  appearing  lower  down.  The  rainfall  of  southern  California 
has  been  deficient  for  the  last  few  years,  but  the  discharge  of  Los 
Angeles  River  at  The  Narrows  has  been  exceptionally  constant;  in 
1899  the  decrease  in  discharge  being  not  more  than  10  per  cent  of  the 
average.  A  study  of  the  river  has  been  made  by  J.  B.  Lippincott 
for  the  city  of  Los  Angeles.  The  flow  is  of  marked  constancy,  and 
it  is  believed  that  the  measurements  indicate  with  fair  accuracy 
the  discharge  for  the  respective  months.  As  in  previous  reports, 
the  discharge  measurements  for  1899  include  the  flow  of  the  river 
at  bridge  No.  2,  the  main  supply  ditch  at  a  point  opposite,  and 
the  Glassell  tributary.  In  addition  water  is  diverted  for  irrigation 
purposes  from  a  point  known  as  Formans  Lake  to  the  vicinity  of 
Burbank;  and  also  from  the  development  works  of  the  West  Los 
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Angeles  Water  Company,  to  the  south  side  of  Cahuenga  ^Mountains. 
Results  of  measurements  for  1896  and  to  April,  1899,  inclusive, 
may  be  found  in  the  Twentieth  Annual  Report,  Part  IV,  page  54± 
The  following  measurements  of  discharge  were  made  by  J.  B.  Lip- 
pincott  during  1899: 

DiAcharge  measurements  of  Los  Angeles  River  at  The  Xarroirs^  Cntifcrmn, 

1899. 


Date. 


JanaaryB... 
February  14 
February  25 
March  U... 
March  25... 
April  29.... 

May  18 

June? 

July  18 

August  19 . . 


Date. 


August  25 

September  20. 
September  27. 

October  25 

October  SI.... 
November  17 . 
November  28 . 
December  13. . 
December  26. . 


Diacbaige. 


Smmd-/er1. 
59 
58 
54 
57 
58 
59 
56 
58 
5S 


( 


ARBOYO  SEOO,  CALIFORNIA. 

This  is  a  small  basin  draining  21  square  miles  of  the  Sierra  Madre. 
The  river  issues  from  the  mountains  on  the  west  side  of  Pasadena 
Mesa,  passes  through  an  opening  in  a  granite  spur  known  as  Devils 
Gate,  and  joins  Los  Angeles  River  at  Los  Angeles.  Between  the  point 
where  the  water  issues  from  the  mountain  and  Devils  Gate  lie«  a  broad 
river  bottom  2  miles  in  length  and  composed  of  coarse  material.  In 
passing  over  this  the  water  sinks  I'apidly,  diminishing  in  volume  from 
the  mouth  of  the  canyon  to  Devils  Gate.  The  following  measure- 
ments were  made  at  the  cable  station  at  the  terminal  quarries  by  E.  P. 
Dewey  and  W.  B.  Clapp  in  1899: 

Discharge  measuremenls  made  on  Arroyo  SecOy  California, 

1899. 


Date. 


January  10 
January  11 
January  12 
January  12 
February  1 
March  17  . 
March  18  . 
March  19  . 


Discharge. 


Second-feet. 
3.02 
1.90 
2.00 
2.06 

.24 
3.24 
1.77 

.93 


Date. 


Discb&rst>. 


March  20 
March  21 
March  22 
March  23 
March  26 
March  28 
April  2... 
April]  2.. 


Second-feet 
2.52 
1.90 
1.61 
1.56 
2.20 
1.22 
.28 
.07 


SAN   GABRIEL   RIVER  ABOVE   AZUSA,  CALIFORNIA. 

The  drainage  basin  of  this  river  lies  on  the  southern  slope  of  the 
Sierra  Madre,  the  watershed  being  included  in  Los  Angeles  County, 
California.  The  various  tributaries  join  the  river  before  it  enters  it^ 
lowest  canyon,  whence  it  appeal's  finally  on  the  plain  in  the  vicinity  of 
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Azusa.  The  seepage  waters  of  this  valley  appear  lower  down  in  the 
river  and  jQnally  enter  the  Pacific  Ocean  not  far  from  the  mouth  of 
Los  Angeles  River.  All  of  the  surplus  waters  of  this  stream  are  now 
used  for  irrigation  purposes.  Owing  to  the  numerous  divei*sions,  it 
has  been  difficult  to  obtain  accumte  discharge  measurements;  but  dur- 
ing 1898  the  San  Gabriel  Electric  Company  completed  its  system, 
and  measurements  are  now  obtained  with  greater  ease  and  hence  with 
greater  accuracy.  The  headworks  of  this  company  are  located  about 
6  miles  above  the  mouth  of  the  canyon;  the  water  is  carried  along  the 
left  side  by  a  series  of  tunnels  and  conduits,  and  a  head  of  400  feet  is 
obtained  where  the  electric  power  is  generated.  Weirs  are  placed  on 
the  conduit  of  the  electric  company,  and  the  water  is  measured  at  this 
point.  The  capacity  of  the  conduit  is  90  second-feet.  The  season  of 
1899  was  notable  in  southern  California  for  the  deficiency  of  rainfall, 
and  on  six  days  only  was  there  a  surplus  of  water  flowing  past  the 
gaging  station.  The  following  are  the  dates,  with  their  respective  dis- 
charges, on  which  water  passed  the  gaging  station  in  1899: 

January  11,  gage  height,  1.18  feet;  discharge,  16  second-feet. 
January  12,  gage  height,  1.08  feet;  discharge,  12  second-feet. 
January  13,  gage  height,  0.90  foot;  discharge,  6  second-feet. 
January  14,  gage  height,  0.78  foot;  discharge,  2  second-feet. 
January  15,  gage  height,  0.70  foot;  discharge,  1  second-foot. 
Octoher  14,  gage  height,  1.10  feet;  dischai^,  13  second-feet. 

From   these  measurements   the  following   rating  table  was   con- 
structed: 

Rating  table  for  San  Gabriel  River  above  Azitaa^  California^  1899. 


Ga^e  height. 


Ftet. 
0.40 
0.50 
0.60 
0:70 
0.80 
0.90 


Discharge. 


Second-feet. 
0.0 
0.2 
0.5 
1.2 
8.0 
6.0 


Gage  height. 


Feet. 
1.00 
1.10 
1.20 
1.30 
1.40 
1.60 


Discharge. 

1 
Gage  height. 

Discharge. 

Second-feet. 

Feet. 
1.60 

Secondfeet. 

13 

1.70 

45 

17 

1.80 

53 

21 

1.90 

68 

26 

2.00 

80 

81 

1 

During  the  rest  of  the  year  the  entire  flow  passed  through  the  electric 
company's  canal.  The  gaging  station  on  the  main  river  is  located  at 
the  mouth  of  the  canyon.  The  equipment  consists  of  a  rod,  cable,  car, 
and  tagged  wire.  Results  of  measurements  may  be  found  as  follows: 
1896,  Eighteenth  Annual  Report,  Part  IV,  page  406;  1897,  Nineteenth 
Annual  Report,  Part  IV,  page  528;  1898,  Twentieth  Annual  Report, 
Part  rV,  page  650.  The  first  of  the  following  tables  shows  the  dates 
in  1898  at  which  there  was  water  in  the  main  river,  together  with  the 
amount  of  discharge.  The  next  table  shows  the  combined  discharge 
for  1898  of  the  canals  diverting  water  at  the  mouth  of  the  canyon.  A 
part  of  this  table,  from  September  to  December,  inclusive,  was  pub- 
lished in  Water-Supply  Paper  No.  28,  page  190;  but  the  data  for 
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the  previous  portion  of  the  year  having  now  been  obtained,  the  entire 
table  is  here  given.  Dates  in  1899  on  which  there  was  water  passing  the 
gaging  station  on  the  main  river  are  given  above.  Following  the  table 
of  canal  discharges  for  1898  is  a  table  showing  the  daily  discharge  of 
San  Gabriel  canals  for  1899.  The  total  flow  of  the  river  is  obtained 
by  adding  the  daily  discharge  for  the  river  to  the  figures,  for  the  cor- 
responding dates,  for  the  canals. 

Daily  <litichaT(jey  in  second-feet,  of  San  Gabriel  River  ahore  Azvaa,  Calififrrtia,  ft/r  JSfai. 


Day. 

Jan.    Feb. 

Mar. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Apr. 

May. 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

26.0 

31.0 

26.0 

24.0 

24.0 

24.0 

21.0 

21.0 

8.0 

9.0 

9.0 

9.0 

0.2 

0.2 

0.2 

41.0 

31.0 

26.0 

21.0 

15.0 

18.0 

11.0 

9.0 

31.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
13.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
63.0 
24.0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan.  i  Feb.  j  Mar.  I  Apr. 


19.0 

31.0 

17.0 

11.0 

17.0 

11.0 

17.0 

11.0 

17.0 

11.0 

17.0 

11.0 

15.0 

9.0 

15.0 

0.0 

15.0 

0.0 

15.0 

0.0 

16.0 

0.0 

15.0 

0.0 

15.0 

15.0 

9.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


May. 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


11.0 
9.0 
9.0 
9.0 
0.0 
0.0 
0.0 


0- 
0. 
0. 
0. 


0 
0 
0 
0 


0.0 

ao 

0.0 
0.0 


River  dry  June  1  to  December  81. 


Daily  diMharge,  in  sewnd-feety  of  Ihe  San  Gabriel  canals  above  Azuwl,  CkUiforma,  for  lS!t8. 

[Draina^  area,  222  square  mUcs.] 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26.. 
27. 
28.. 
29.. 
30., 
81. 


Day. 


Jan. 


28.0 
28.0 
28.0 
28.0 
27.0 
27.0 
27.0 
27.0 
32.0 
32.0 
31.0 
25.0 
25.0 
25.0 
■25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
24.0 
24.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
28.0 


Feb.    Mar. 


I 


28.0 
28.0 
28.0 
28.0 
32.0 
32.0 
32.0 
29.0 
29.0 
29.0 
29.0 
32.0 
32.0 
32.0 
32.0 
10.0 
10. 0 
29.0 
29.0 
29.0 
29.0 
29.0 
29.0 
34.0 
34.0 
34.0 
34.0 
34.0 


Mean i  25.9 


29.1 


33.0 
32.0 
31.0 
31.0 
31.0 
31.0 
30.0 
30.0 
28.0 
34.0 
34.0 
32.5 
34.0 
33.6 
33.5 
36.0 
36.0 
37.0 
37.0 
37.0 
37.0 
36.0 
34.0 
31.0 
34.0 
48.0 
41.0 
39.0 
36.0 
36.0 
37.0 


34.6 


Apr.    May. 


36.5 
37.0 
37.0 
37.0 
37.5 
36.5 
86.0 
35.0 
35.0 
35.0 
34.0 
82.5 
32.5 
32.5 
34.0 
34.0 
M.O 
34.0 
33.0 
33.0 
32.0 
80.0 
29.0 
27.0 
26.0 
26.3 
25.8 
27.0 
30.0 
35.5 


32.8 


26.0 

39.0 

87.0 

36.0 

34.0 

31.5 

32.0 

31. 

30. 

28. 

25. 

25. 

25.0 

25.5 

20. 

27. 

45. 

40.0 

38.5 

83.5 

37.0 

36.0 

85.0 

82.5 

80.5 

30.0 

80.0 

80.5 

29.5 

30.5 

30.0 


.0 
,0 
,0 
.0 
0 


0 
5 
5 


June.  July. 


31.7 


30.0 
28.0 
25.0 
28.5 
22.8 
21.0 
20.2 
20.0 
20.0 
21.5 
23.5 
22.0 
21.4 
21.0 
20.2 
18.0 
17.5 
16.2 
15.2 
17.0 
16.0 
17.0 
17.8 
17.0 
16.0 
16.0 
16.0 
15.8 
15.0 
14.5 


19.5 


14.5 

13.0 

18.5 

18.0 

13.0 

12.0 

14.0 

12.5 

11.6 

11.5 

11.0 

11.0 

10.0 

10.0 

9.7 

10.0 

9.7 

10.0 

10.0 

10.0 

11.5 

11.5 

11.5 

9.6 

9.6 

9.0 

9.0 

9.0 

9.5 

9.5 

9.5 


10.9 


Aug. 


9.5 
9.5 
9.5 
9.0 
9.0 
9.0 
8.5 
8.5 
8.5 
8.4 
8.6 
8.5 
8.4 
6.0 
7.0 
7.0 
7.0 
7.0 
5.0 
5.5 
6.0 
6.0 
6.0 
6.0 
5.5 
5.5 
6.3 
7.5 
7.0 
7.0 
7.0 


Sept. 


Oct. 


7.4 


8.2 
10.0 
8.2 
8.2 
8.2 
8.2 
7.9 
7.9 
8.0 
8.0 
7.5 
7.6 
7.6 
7.5 
7.0 
7.0 
6.7 
6.5 
6.5 
6.1 
7.5 
7.5 
7.6 
7.5 
8.5 
8.5 
7.5 
10.2 
8.0 
10.2 


7.9 


9.0 
9.8 
10.0 
10.5 
9.0 
9.0 
8.5 
8.5 
8.5 
9.0 
8.7 
8.0 
8.0 
7.5 
7.6 
7.5 
8.0 
8.0 
8.4 
8.6 
7.9 
8.2 
9.0 
10.0 
9.0 
9.1 
9.1 
8.9 
8.9 
8.4 
8.4 


Nov 


8.7 


9.0 

8.5 

8.5 

8.0 

8.5 

9.0 

9.0 

9.0 

8.5 

8.7 

9.0 

9.8 

9.8 

9.2 

9.8 

9.8 

9.8 

9.0 

10.1 

10.5 

10.5 

10.6 

U.2 

11.2 

10.5 

10.5 

10.5 

11.0 

U.5 

11.5 


9.8 


Det- 


11.7 
ILS 
11.8 
11.9 
11.9 
11.9 
12.0 
12.0 
12.0 
12.2 
12L5 
12.6 
12.6 
12.6 
18.2 
15.2 
15u0 
15.0 
14.4 
14.5 
14.5 
14.5 
14.5 
14.5 
14.8 
14.0 
14.0 
14.0 
14.3 
14.0 
14.5 

1^5 
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Daily  discharge,  in  secxmdrfeel,  of  the  San  Gabriel  canah  above  Azusa,  California,  for  1899. 


Day. 

Jan. 

Feb. 

Mar. 

20.3 
20.3 
21.5 
19.4 
18.7 
18.5 
18.0 
18.5 
18.7 
18.7 
19.0 
19.0 
19.0 
19.0 
19.0 
31.2 
36.4 
35.0 
29.0 
39.5 
87.4 
32.7 
31.7 
32.5 
35.5 
35.4 
32.0 
32.0 
31.6 
30.0 
29.5 

Apr. 

May. 

June. 

22.2 

20.0 

17.0 

15.0 

14.8 

13.5 

12.0 

11.0 

9.7 

8.5 

8.8 

9.0 

9.5 

9.2 

8.0 

7.8 

7.5 

7.5 

7.3 

7.0 

7.0 

6.2 

6.2 

6.2 

6.2 

6.2 

6.0 

5.5 

6.5 

4.9 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

14.8 
24.2 
20.3 
19.0 
19.0 
18.0 
18.0 
18.0 
18.0 
22.0 
33.0 
32.0 
22.0 
22.0 
22.0 
22.0 
18.0 
18.0 
19.7 
19.8 
20.4 
21.6 
22.8 
23.6 
24.0 
24.0 
24.1 
23.5 
23.2 
24.2 
26.2 

27.2 
28.0 
26.2 
24.2 
23.5 
23.5 
23.5 
23.5 
23.4 
23.4 
23.4 
23.4 
28.0 
21.8 
21.6 
20.3 
20.0 
20.0 
19.7 
19.7 
19.7 
19.7 
20.3 
22.4 
21.8 
21.2 
21.2 
21.0 

28.0 
27.5 
25.2 
24.8 
24.8 
25.0 
24.0 
22.2 
22.0 
23.5 
23.5 
22.2 
21.0 
21.0 
20.5 
20.0 
19.7 
19.5 
19.5 
18.5 
17.0 
16.5 
16.2 
17.5 
19.3 
21.0 
21.3 
20.5 
18.0 
17.5 

17.6 
17.5 
17.0 
17.0 
15.5 
17.5 
17.5 
16.5 
15.5 
14.0 
13.0 
13.0 
12.5 
12.0 
12.6 
14.1 
13.0 
13.0 
13.5 
11.5 
11.5 
11.5 
11.5 
12.0 
12.0 
12.0 
11.5 
11.5 
12.7 
12.0 
18.5 

4.0 
4.0 
4.0 
4.0 
4.0 
4.2 
4.2 
3.5 
8.4 
3.4 
3.5 
3.4 
3.0 
3.4 
3.5 
3.5 
3.3 
3.0 
3.0 
3.0 
3.0 
3.3 
3.5 
3.5 
3.5 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

5.0 
5.1 
5.5 
5.5 
6.0 
6.0 
5.0 
4.7 
4.7 
4.5 
4.7 
4.5 
4.5 
4.8 
4.0 
4.0 
4.5 
6.0 
6.0 
6.0 
5.5 
5.5 
5.0 
4.0 
4.0 
4.0 
4.0 
5.5 
4.0 
4.0 
4.0 

8.4 
8.0 
4.0 
4.3 
3.7 
4.3 
3.7 
4.5 
5.5 
5.0 
4.0 
4.0 
3.6 
3.8 
4.2 
4.0 
8.7 
3.7 
8.7 
3.7 
3.3 
3.3 
3.3 
3.0 
3.0 
3.0 
3.3 
3.3 
3.3 
3.7 

3.7 

4.0 

4.0 

4.0 

4.0 

4.0 

4.3 

8.7 

3.7 

4.4 

8.5 

9.0 

22.0 

22.0 

26.0 

19.0 

16.0 

16.0 

13.5 

13.5 

13.0 

13.5 

14.0 

14.0 

12.5 

12.0 

12.0 

12.3 

11.5 

13.0 

12.3 

12.0 
11.6 
11.5 
11.7 
10.1 
10.2 
10.2 
10.2 
10.3 
12.0 
12.0 
12.0 
12.0 
14.5 
16.0 
15.0 
15.0 
14.0 
14.0 
14.0 
16.0 
23.5 
20.0 
18.3 
18.0 
17.2 
17.0 
17.0 
16.7 
16.3 

16.2 
16.0 
16.0 
16.0 
16.3 
16.0 
16.0 
15.7 
15.5 
15.5 
15.5 
15.5 
15.5 
15.5 
16.0 
23.0 
39.0 
30.0 
28.0 
25.0 
23.0 
22.5 
21.5 
20.7 
20.7 
20.7 
20.7 
21.0 
23.0 
23.0 
22.0 

2 

,      3 

4.  ... 

5 :::.: 

6 

7 

8 ? 

9 

10 

11 

12 

13 

14 

15 

16 

17 

19 

20 

21 

22 

23 

24 

25 

27 

28 

29 

30 

31 

• 

Mean 

21.8 

22.4 

26.4 

21.2 

13.7 

9.5 

8.6 

4.8 

3.7 

11.1 

14.2 

20.3 

LYTLE   CREEK  AT  MOUTH   OF  CANYON,   CALIFOENIA. 

This  small  stream  drains  the  southern  slope  of  the  Sierra  Madre  and 
discharges  its  waters  onto  the  plains  northwest  of  San  Bernardino. 
Although  it  drains  a  comparatively  small  area  of  54  square  miles,  at 
the  mouth  of  the  canyon  its  waters  are  important  for  irrigation  pur- 
poses. Owing  to  the  controversies  which  have  arisen  over  its  diver- 
sions, a  number  of  lawsuits  for  the  settlement  of  the  claims  have  been 
instituted  from  time  to  time.  A  number  of  measurements  of  this 
stream  at  the  mouth  of  the  canyon  from  1892  to  1896,  inclusive,  are 
given  below.  They  are  copied  from  court  records  of  proceedings  in 
-which  the  water  supply  of  this  creek  was  involved.  These  cases  were 
tried  in  the  San  Bernardino  courts  by  Judge  A.  W.  McKinley. 
The  measurements  were  made  by  A.  H.  Koebig  and  G.  O.  Newman,  on 
-weirs,  and  are  believed  to  be  accurate. 
lER  39 2 
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Discharge  mecumreTnerUs  of  Lytle  Creek  at  vwuih  of  canyon^  CaUfcmUi, 


Date. 


1892. 

June  8 

September  20 

September  30 

October  28 

November  21 

November  27 

1893. 

September  7 

September  18 

September  25 

October  4 

1894. 

Junes 

June  8 

July  10 

July  11 

July  25 


Discharge. 


SeamdrteeL. 
85.58 
18.70 
22.04 
20.64 
22.04 
20.68 


49.20 
49.20 
46.84 
45.30 


17.96 
15.50 
13.22 
18.22 
18.86 


Date. 


1894. 

August  19 

August  25 

Octobers 

1895. 

September  2 

September  90 

1896. 

March8 

April  23 

April  24 

April  25 

Mays 

May4 

May  10 

May  25 

May  26 


Disebaige. 


Seoomd-Jttt. 
11.44 
12.32 

16.20 


56.10 
40.78 


18.  OB 
19.14 
18.60 
20.52 
1&&2 
17. 2S 
18.16 
15.32 
12.84 


Beginning  in  1894,  measurements  of  Lytle  Creek  were  also  made  by 
H.  D.  Sibley,  who  was  zanjero  of  the  Lytle  Creek  canals  at  that  time. 
The  measurements  were  usually  made  because  the  discharge  of  the 
stream  was  below  normal.  In  the  winter  and  spring  only  the  amount 
of  water  needed  for  irrigation  was  turned  into  the  ditches,  but  later  in 
the  summer  the  entire  flow  was  diverted.  These  measurements  also 
were  made  over  weirs,  and  are  believed  to  be  fairly  accurate.     During 

1898  trouble  was  experienced  by  miners  taking  the  water  from  the 
natural  channel  and  turning  it  into  dry  channels,  sluice  boxes,  weirs, 
mill  races,  etc.,  thereby  causing  a  loss  of  from  20  to  25  per  cent  of 
the  total  flow  of  the  creek.  Only  a  portion  of  these  latter  diversions 
were  returned  to  the  creek.  The  measurements  of  Mr.  Bibley  would 
not  show  the  full  flow  of  Lytle  Creek  at  all  times,  and  sometimes  show 
less  than  the  full  discharge,  for  the  reasons  mentioned  above.     During 

1899  the  amount  of  water  which  was  diverted  into  the  main  canal  was 
measured  daily  by  the  Anglo-American  Canaigre  Company,  at  a  weir 
erected  near  the  head  of  its  cement  ditch.  The  volumes  given  have 
been  occasionally  checked  by  visiting  the  canal  and  making  met^r 
measurements.  It  is  believed  that  during  1899  practically  all  of  the 
water  of  the  stream  was  diverted  into  the  canal. 
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Dischargey  in  ftecond-feei,  of  LyU^  Creek  main  canal  above  RiaUo,  CaUfomia, 

1894. 
[Drainage  area,  54  aqnare  miles.] 


1 

Day. 

1 

April. 

May. 

Jane. 

* 

July. 

Aug. 

Sept 

Oct. 

Nov. 

1 

15.5 

1 

2 

1 

'.  "  ""l 

3 

24.1 

17.2 

10.9 

13  5 

4 

1 

5 

16.1 

10.8 

. :   "" 

G 

22.6 

1 

7 

14.1 

11.4 

14.5 

8 

19.9 

10.8 

13.0 

9 

13  7 

10 

•  ■  •  •  •      • 

1 

11 ^ 

17.8 

18.5 

14.3 

10.8 

_  _ 

18.7    

12 

1 

13 21.8 

14 

13.4 

1 

14.3 

is.  2 

15 

16 

22.6 

""i9.'i* 

14.4 

. 

17 

••••••..,........ 

18 

15.0 

"iii* 

18.7 

11.5 

14.5 

19 

22.6 

20 

1 

21 

14.8 

12.7 

22 

24.9 

t 

ii.'i 

12,7 

12.9 

23.'. 

14.6 
14.9 

24 ---- 

18.2 

25 

25.4 

14.2 

26 

27 

15.0 

28 

16.6 

WW'.'.'.'.  """"1 

29 

12.5 

31 

U.7 

13.4 

1895. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

54.4 

2 



3 

1 

86.9 

4 

68.0 

51.4 

5 

6 

7 

80.5 

8 

88.9 

81.5 

9 

:;:::::::::  :::i 

10 

48.8 

11 

24.9 

12 

50.8 

13 

22.0 

14 

15 

16 

50.4 

17 

44.8 

18 

'"26*4* 

43.8 

........ 

41.9 

19 

20 

21 

57.5 

86.5 
84.1 

22 

24.0 

23 

87.4 

62.5 

24 

47.1 

26 

26 

54.4 

27 

28 

86.5 

84.5 

29 

•■•••■■• 

30 

31 

84.5 

June  5  to  August  16  ditch  broken,  no  measurements. 
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Discharge^  in  secortd-feetf  of  Lytle  Creek  main  canal  above  IHaUOf  California — Gontiuueii. 

1B96. 


1 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

■ 

Kov.  1   Dec    , 

1              1 

1 

1 

17.8 

13.2 

1 
' 1 

i:::::::::::::::: 

22.2 

14.1 

11.1 

1            i' 

3 

I               !               f ' ( 

4 

-y—r-yi , ( , 

6 

20.0 

12.2 

6 

11.4 

12.2 

1 

7 

ii.5 

1 1 

8 

19.2 

ii.i 

1 

1 

9 

13.5 
12.5 

11.6 

16.0 

10 

1 

12.2 

11 

1 

...  1 

12 

1 

11.9  1 10.5 



13 

18.4 

:::::::::::  r :::: :::i 

14 

12.2     12.2 

1 

16.0    ' 

16 

1 

24.9 

■ 

16 21.4 

17.1 

13.7  1  10.8 

*'i7.6 

1 

17 

19.8 

i    ' " 

18 

19.7 

11.3 

r ' ""1 

19 

1 

11.8 

, i 1 

20 

1 

10.5 

: '  :          j 

•21 

12.0 

::::::i:::::: :::::' 

22 

i . 

16.0    ' 

28 

12.5 
12.5 

ili 

24 

22.4 

1 

25 

28.0 

1 

26 

11.8 

•2D.0 

1 

27 

10.7 

...... 

28 

18.5 

(         ; 

29 

17.6 

1 

80 

15.0 

1 1 

24.0 

31 

1 
1 1 

1       ' 

1 

Heavy  rains  March  1  to  5  and  October  26 ;  all  water  turned  out  of  canal. 


1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug.   ' 

1 

1 
f 

2 

1 

3 

60.0 

4 

86.0 

5 

1 

6 

60.0 

'.'.'.'.'.'". 

^. _._...] 

7 

24.0 

1 

8 

( 

9 

50.0 

80.0 

A.K.....I 

-10 

16.0 

1 

11 

1 

12 

10.6    ' 

18 

........  ........ 

14 

60.0 

1 

16 

" I 

16 

24.0 

84.0 

-*"  '.  i 

17 

18 

80.0 

I 

19 

60.0 

1 

20 

21 

60.0 

f 

22 

^.—  . ....-■ 

28 

1 

24 

60.0 

1 

25 

20.0 

60.0 

••"•••••( 

26 

I 

27 

.......  J 

28 

56.0 

70.0 

40.0 

29 

28.0 

1 

SO 

31 

, 

Heavy  rains  February  8  and  18,  March  28,  S^tember  14.    Chlcala  Water  Company  took  charged 
station  June  1. 
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ZHschargff  in  teoond-feetj  of  Lyile  Creek  mam  canal  above  BiaUoy  Cnlifomia — Continued. 


1806. 


Day. 

May. 

June. 

July. 

Day. 

May. 

June. 

July. 

Day. 

May. 

June. 
11.7 

July. 

1  1. .. 

10.9 

12 

22 

2 

18 

23 ' 

3.... 

41 

24 

1 

4.... 

15 

13.9 

1 
*'*""'*'i 

26 

5.... 

16 

26 

6.... 

17.... 

27 

7.... 

18 

28.... 
29 

14.6 

09.0 

8.... 

19 

, 

9.... 

20 

11.5 

80 

10.... 

21 

81.... 

11.... 

No  measurements  for  January  to  April,  Inclusive,  and  August  to  December,  incliuiive. 

1809. 


Day. 

Jan. 

11.1 
11.1 
12.1 
11.4 
11.7 
11.6 
11.6 
11.6 
11.6 
12.0 
16.1 
13.1 
12.2 
12.0 
11.9 
12.0 
12.0 
12.0 
11.9 
11.8 
11.7 
11.8 
11.7 
11.6 
11.6 
11.6 
11.6 
11.6 
11.6 
11.6 
11.7 

Feb. 

Mar. 

Apr. 

9.7 
8.9 
8.5 
12.6 
12.5 
12.1 
11.9 
1L8 
11.7 
11.9 
11.7 
11.7 
11.0 
10.6 
10.6 
10.7 
10.6 
10.7 
10.2 
10.8 
9.9 
9.9 
10.3 
10.6 
10.5 
FlO.4 
10.4 
10.4 
11.0 
11.2 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

10.9 
10.8 
10.8 
10.8 
10.7 
10.6 
10.1 
9.9 
10.2 
10.8 
11.7 
72.1a 
12.4 
18.5 
12.7 
13.0 
18.0 
12.3 
12.0 
11.4 
11.2 
11.6 
11.9 
10.3 
10.7 
11.4 
11.8 
11.1 
11.0 
11.4 
11.8 

Nov. 

Deo. 

11. 1 
11.3 
11.4 
11.1 
11.3 
11.3 
11.3 
11.6 
11.4 
11.5 
11.4 
11.3 
11.2 
11.1 
11.2 
12.9 
11.8 
11.8 
11.6 
11.6 
11.3 
11.1 
11.1 
11.1 
10.9 
11.2 
11.1 
11.1 
11.2 
11.1 
11.3 

1 

11.8 
12,1 
12.1 
12.4 
12.4 
12.5 
12.6 
12.4 
12.1 
11.8 
11.8 
11.8 
11.8 
11.6 
11.5 
11.5 
11.5 
11.8 
11.4 
11.8 
11.8 
11.8 
11.8 
11.8 
11.4 
11.4 
11.8 
11.8 

11.2 
11.1 
11.2 
11.1 
10.8 
10.6 
10.4 
10.4 
10.9 
10.6 
10.6 
10.6 
10.7 
10.7 
10.7 
15.8 
14.7 
18.7 
12.8 
18.7 
18.1 
12.9 
12.8 
18.2 
14.8 
18.5 
18.4 
18.6 
18.6 
13.5 
13.5 

11.2 

10.9 

10.9 

10.5 

10.5 

10.5 

10.5 

10.2 

11.8 

9.5 

9.5 

9.2 

9.6 

9.5 

9.8 

9.4 

9.4 

9.4. 

9.7 

9.8 

9.5 

9.4 

9.4 

9.2 

9.2 

9.0 

9.0 

9.0 

9.4 

9.8 

12.2 
10.4 
9.7 
9.5 
9.4 
9.6 
9.2 
9.0 

'"7.'2* 
7.5 
8.2 
8.1 
7.8 

T.h' 

7.8 
7.9 
7.7 
7.8 
7.5 
7.6 
7.4 
7.1 
7.2 
7.4 
7.8 
7.2 
6.7 
6.4 

6.3 
6.8 
6.4 
6.4 
6.4 
6.4 
6.8 
6.2 
6.2 
6.0 
5.9 
6.0 
5.9 
5.9 
6.0 
6.0 
5.8 
5.4 
5.6 
5.6 
5.8 
7.2 
8.6 
9.3 
8.9 
9.2 
9.4 
9.5 
9.7 
9.6 
10.0 

9.4 
10.4 

9.6 
10.7 
12.2 
11.0 
10.8 
11.0 
11.0 

8.7 
12.0 
12.0 
12.2 
12.1 
12.8 
12.8 
12.2 
12.6 
18.0 
18.0 
12.5 
12.4 
12.4 
12.5 
12.4 
12.6 
12.5 
12.2 
12.3 
12.2 
12.1 

14.5 
15.1 
16.6 
16.7 
16.0 
16.0 
16.0 
15.9 
16.6 
16.1 
16.0 
15.8 
15.8 
15.4 
16.0 
15.5 
15.8 
14.8 
15.7 
14.9 
15.2 
16.1 
10.8 
10.4 
10.3 
10.8 
10.5 
10.5 
10.6 
10.6 

10.5 
10.3 
10.3 
10.6 
10.5 
10.6 
10.6 
9.9 
9.9 
10.0 
10.2 
10.5 
10.9 
11.0 
11.3 
11.7 
11.5 
12.0 
11.9 
11.8 
12.2 
12.7 
12.1 
12.0 
13.8 
11.7 
11.5 
11.6 
11.4 
11.2 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Mean 

11.9 

11.7 

12.2 

10.8 

9.8 

8.1 

7.1 

11.8 

14.8 

18.3 

11.2 

11.3 

a  Rain  in  mountains. 
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SANTA   ANA   RIVER  AT  WARMSPRINGS,  CALIFORNIA. 

This  river  has  its  source  on  the  southern  slope  of  the  San  Bemardioo 
Mountains  and  flows  southerly,  appearing  from  its  canyon  4  miles  north 
of  Redlands.     Its  waters  are  completely  used  in  San  Bernardino  Valley. 
At  the  lower  part  of  the  valley  the  water  appears  again  in  the  vicinity 
of  Rincon,  where  the  river  passes  through  a  comparatively  narrow 
gorge,  and  the  general  direction  of  the  stream  is  thence  southwesterly, 
emptying  into  the  Pacific  Ocean.     The  station,  established  June,  1896, 
is  located  5  miles  northeast  of  Mentone,  California,  three-fourths  of  a 
mile  below  the  headworks  of  the  Santa  Ana  canal  and  opposite  the  warm 
springs  in  the  canyon.     The  gage  is  an  inclined  timber  fastened  to  a 
large  bowlder  and  posts  set  in  the  bank  of  the  river.     On  October 
16,  1898,  owing  to  some  local  legal  complications,  an  unusually  large 
volume  of  water  was  turned  into  the  Santa  Ana  canal  by  the  Bear 
Valley  Company.     This  water  was  wasted  from  the  canal  at  a  point 
below  the  old  gage  rod,  necessitating  the  establishment  of  a  new  gage 
rod  upon  this  stream  at  a  point  below  where  the  waste  from  the  canal 
was  turned  into  the  river.     The  new  gage  was  put  in  November  9, 1898, 
and  since  that  date  daily  observations  have  been  kept  on  the  lower 
gage,  which  is  a  2  by  6  inch  timber  firmly  bolted  to  a  granite  cliflf 
which  forms  the  left  bank  of  the  river,  and  is  situated  800  feet  below 
the  mouth  of  Warmsprings  Canyon  and  100  feet  above  a  ford  on  the 
canyon  road.     A  landslide  occurred  below  the  gage  rod  April  16, 1899, 
which  changed  the  condition  of  the  rating  for  the  station.     Owing  to 
the  shifting  nature  of  the  stream  bed  it  has  not  been  possible  to  con- 
struct perfectly  satisfactory  rating  curves,  but  the  tables  as  presented 
are  based  on  the  best  information  that  could  be  obtained.     The  record 
is  not  considered  absolutely  correct,  but  is  given  as  an  approximation. 
This  river  is  one  of  the  most  difficult  streams  in  the  State  of  which  to 
obtain  an  accurate  record.     The  Edison  Electric  Company  diverts  the 
greater  portion  of  the  water  of  Santa  Ana  River  above  the  gaging  sta- 
tion, but  also  returns  all  of  itabove  the  station;  they,  however,  allow  only 
limited  portions  of  the  water  to  pass  out  of  their  conduits  during  cer- 
tain hours  of  the  day,  holding  back  the  water  for  the  purpose  of  obtain- 
ing additional  power  when  the  greatest  demand  exists.     An  effort  is 
being  made  to  arrange  with  this  company  to  obtain  a  record  of  the 
number  of  gates,  the  sizes  of  the  openings,  and  the  hours  at  which 
the  various  wheels  are  run,  in  order  to  more  accurately  determine  the 
volumes  of  water.     The  Santa  Ana  canal,  as  mentioned  above,  also 
diverts  water  from  Santa  Ana  River  above  the  station,  but  the  greater 
part  of  it  is  returned  to  the  channel  of  the  stream  before  passing  the 
point  of  measurement.     A  portion,  as  indicated  by  the  measurements 
below,  passes  down  the  canal.     Results  of  measurements  may  be  found 
as  follows:  1896,  Eighteenth  Annual  Report,  Part  IV,  page  411;  1898, 
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Twentieth  Annual  Repoil,  Part  IV,  page  554.  A  number  of  measure- 
ments of  discharge  of  the  canals  diverting  water  from  Santa  Ana 
River  at  the  mouth  of  the  canyon  were  made  by  S.  G.  Bennett,  and 
are  given  below.  The  following  measurements  were  made  at  the  main 
station  under  the  direction  of  J,  B.  Lippincott  in  1899: 


DMiarge  meaguremenU  of  Santa  Ana  River  at  WarmspringSf  Calif omia. 

1899. 


Date. 


Janoary  12 . 
February  18 
March  23... 
May6 


Ga«e 
height. 

Discharge. 

Feet. 
2.34 
2.16 
2.30 
2.45 

Secondrfeet. 

28.04 
29.62 
25.84 

Date. 


May  31... 
June  15 . . 
July  15... 
August  24 


Feel. 
2.27 
2.21 
2.30 
1.85 


Discharge. 


Second-feet. 
21.00 
19.60 
25.90 
10.86 


Rating  table  for  Santa  Ana  River  at  WarmspringSj  Calif omia,  applicable  from  January  1 

to  April  15,  1899, 


Gage  height. 

Discharge. 

Gage  height. 

Dischaige. 

Gage  height.  Discharge. 

Feet. 
1.8 
1.9 
2.0 

Second-feet. 
12.5 
15.0 
18.0 

Feet. 
2.1 
2.2 

Second-Jeet. 
21.5 
26.5 

Feet. 
2.3 
2.4 

Second-feet. 
34.0 
48.0 

Baling  table  for  Santa  Ana  River  at  WarmspringSf  Calif omia,  applicable  from  April  16 

to  December  SI,  1899. 


Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Gage  height. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

Second-feel. 

Feel. 

Second-feet. 
36.0 

1.7 

8.0 

2.2 

19.0 

2.7 

1.8 

10.0 

2.3 

22.0 

2.8 

41.0 

1.9 

12.0 

2.4 

25.0 

2.9 

46.6 

2.0 

14.0 

2.5 

28.5 

8.0 

52.5 

2.1 

16.5 

1 

2.6 

32.0 

1 

Discharge  measurements  of  Santa  Ana  canal,  California. 

1899. 


Date. 


January  12  . 
February  18 
March  23  . . . 
May  6 


Discharge. 


Second-feet. 


4.00 
7.60 
3.40 


May  31.... 
June  15 . . . 
July  15... 
August  24 


Date. 


Discharge 


Second-feet 
1.10    , 
.20    ' 


420 


OPEBATIONS   AT   BIVEB  STATIONS,  1899. PAKT  V.  [no.  39. 


Ditcharge  mecunrttnents  qf  canaU  diverting  vnter  from  Sarila  Ana  RivtT  at  mouth  of 

canyon^  (kUifomia, 


Date. 

Canal. 

DischaiK^,     ' 

1 

1899. 

February  18 

February  18 

February  18 

March  23 

North  Fork  or  Hiffhlftud  Hit/»h 

Strond'fefi. 

8.07 

15,70 

.35 

11.78 

17 

3.71 

7.70 

15.50 

1.43 

6.74 

14.67 

.14 

10.30 

.17 

.67 

1  .  <D 

South  Fork  or  Realands  ditch 

Green  Spot  pipe  line 

North  Fork  or  Hiehland  ditch 

Man-h  23 

South  Fork  or  Realands  ditch 

Mar<h23 

Green  Spot  pipe  line 

May  6 

North  Pork  or  Highland  ditch 

May  6 

South  Fork  or  Realands  ditch 

May  6 

Green  Spot  pipe  line 

May  31 

North  PV)rk  or  Highland  ditch 

May  31 

South  Fork  or  Realands  ditch 

May  31 

Green  Spot  pipe  line 

June  15 

North  Fork  or  Highland  ditch 

June  15 

Morton  Canyon  water 

June  15 

Redlands  tunnel  water  at  point  where  it 

reaches  South  Fork  ditch. 
South  Fork  or  Redlands  ditch  at  flume 

aboye  sand  box. 
Head  of  Green  Spot  pipe  line ..-. 

June  15 

June  15 

.08    1 

July  12 

South  Fork  or  Redlands  dit^h 

11.50  f 
13. 14     1 

.12     , 

1.03     1 

12,70     1 

.59    1 

July  15 

North  Fork  or  Highland  ditch 

July  15 

Mort'^n  CftPYon  wat^^r ...... 

July  15 

Redlands  tunnel 

July  15 

South  Fork  or  Redlands  ditch 

July  15. 

Head  of  Green  Spot  pipe  line. 

Daily  gage  height,  in  feet,  of  Santa  Ana  River  at  Warmtpringn,  Calif orma,  for  1899. 


Day. 

Jan. 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

Feb. 

2.20 
2.25 
2.25 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.20 
2.25 
2.20 
2.20 

Mar. 

2.20 
2.20 
2.20 
2.20 
2.20 
2,20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.15 
2.20 
2.25 
2.35 
2.30 
2.55 
2.55 
2.30 
2.30 
2.35 
2.35 
2.35 
2.40 
2.35 
2,35 
2.35 
2.30 

Apr.   May. 
2.30  1  2.35 

1 

2 

2.20 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.15 

2.80 
2.30 
2.85 
2.40 
2.45 
2.45 
2.85 
2.25 
2.25 

3 

4 

5 

6 

« 

9 

10 

11 

2-30  1 

12 

2.15     2.30  ! 

13 

2. 15     2. .% 

14 

2.10 
2.10 
2.40 
2.35 
2.35 
2.85 
2.30 
2.30 

2.35 
2.30 
2.30 
2.30 
2.25 
2.25 
2.25 
2.30 

15 

16 

17 

18 

19 

20 

21 

22 

2.30     2.20 

23 

2.30 
2.35 
2.40 
2.40 
2.40 
2.40 
2.40 
2.85 

2.25 
2.80 
2.30 
2.30 
2,25 
2.30 
2.30 
2,80 
2.30 

24 

25 

26 

27 

28 

29 

80 

81 

June. 

July. 
2.30 

Aug. 
2.20 

Sept. 

Oct 

2.65 

1.90 

1.90 

2.35 

2.30 

2.20 

1.90 

1.90 

2.40 

2.30 

2.20 

1.90 

1.90 

2.35 

2.80 

2.00 

1.90 

1.90 

2.80 

2.30 

2.00 

1.90 

1.90 

2.80 

2.35 

2.00 

1.90 

1.90 

2.30 

2.85 

1.90 

1.90 

2.00 

2.30 

2.35 

1.90 

1.90 

1.96 

2.30 

2.35 

1.90 

1.90 

1.95 

2.25 

2.87 

1.90 

1.90 

1.90 

2.25 

2.37 

1.90 

1.90 

1.90 

2.25 

2.85 

1.90 

1.90 

1.90 

2.30 

2.35 

1.90 

1.9C 

2.20 

2.80 

2.35 

1.90 

1.90 

2.20 

2.30 

2.30 

1.90 

1.90 

2,15 

2.25 

2.80 

1.90 

1.90 

2,15 

2.30 

2.30 

1.90 

1.90 

2.16 

2.30 

2.30 

1.90 

1.80 

2.15 

2.20 

2.30 

1.90 

1.80 

2,17 

2.30 

2.25 

1.87 

1.80 

2,17 

2.30 

2.20 

1.87 

1.80 

2.17 

2.25 

2.25 

1.87 

1.80 

2.17 

2.26 

2.25 

1.87 

1.85 

2.17 

2.25 

2.25 

1.87 

1.86 

2.17 

2.80 

2.50 

1.90 

1.86 

2.20 

2.85 

2.50 

1.90 

1.90 

2.20 

2.80 

2.30 

1.90 

190 

2.20 

2.80 

2.27 

1.90 

1.90 

2.20 

2.28 

2.26 

1.90 

1.90 

2.20 

2.28 

2.20 

1.90 

1.90 

2.20 

2.20 

1.90 

2.20 

2.20 
2.20 
2,20 
2.20 
2.11 
2.12 
2,15 
2,16 
2.15 
2,15 
2.15 
2.12 
2,17 
2.15 
2.61 
2.19 
2.90 
2.44 
2.24 
2.29 
2.26 
2.96 
2.61 
2.24 
2.80 
2.26 
2. 38 
2.25 
2.25 
2.26 


Dec 


2.36 
2.24 
2.24 
2,26 
2.20 
2,17 
2.18 
2.15 
2.22 
2.27 
2.16 
2.25 
2.25 
2.25 
2.25 
2.26 
2.51 
2,47 
2.48 
2.44 
2.37 
2,49 
2.71 
2.64 
2.22 
2,84 
2.36 
2.40 
2,39 
2.34 
2,47 


CALIFORNIA. 


421 


MILL  GREEK  IN   CANYON,    CALIFORNIA. 

This  atrcam  is  one  of  the  larger  tributaries  of  Santa  Ana  River, 
although  on  account  of  its  importance  for  irrigation  it  is  generally 
considered  as  an  independent  stream.  It  rises  on  the  western  slope  of 
the  San  Bernardino  Mountains,  draining  the  area  immediately  south 
of  the  headwaters  of  Santa  Ana  River.  '  Mill  Creek  appears  from  its 
canyon  about  6  miles  east  of  Redlands.  The  Grafton  Water  Company 
diverts  all  of  the  water  of  this  creek  at  the  mouth  of  the  canj''on, 
particularly  in  the  summer.  The  water  passes  over  a  weir,  and  the 
volume  is  therefore  determined  with  considerable  accuracy.  The 
records  have  been  furnished  to  this  oflSce  by  Mr.  Herbert  Garstine, 
president  of  the  Crafton  Water  Company.  They  are  particularly 
accurate  for  low-water  measurements.  This  stream  is  described  in 
detail  in  the  Nineteenth  Annual  Report,  Part  IV,  page  551.  The  first 
table  gives  the  measurements  made  by  S.  G.  Bennett  near  the  head  of 
Crafton  zanja  in  1899.  The  second  table  shows  the  discharge  of  Mill 
Creek,  as  furnished  by  the  Crafton  Water  Company,  at  the  head  of 
Crafton  zanja  during  the  irrigation  seasons  of  1897, 1898,  and  1899. 

Discharge  measuretnents  near  head  of  Orafton  zanja,  California, 

1899. 


Date. 


January  12.. 
February  18 
March  23  . . . 
May6 


Discharge. 


Seconui-fed. 

lo!53 
15.68 
14.  &5 


Date. 


MaySl... 
June  16. . 
July  15... 
August  24 


Discharge. 


Second-feet. 

11.61 

6.94 

7.40 

7.18 


Dutcharge,  in  fieeond-feet,  of  Mill  Creek  at  head  of  Crafton  zanja,  California. 

1897. 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

July. 

Aug. 

Sept 

Oct. 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1 

21 
23 
24 
24 
24 
21 
22 
22 
22 
19 
19 

22 
22 
22 
21 
20 
20 
19 
19 
18 
18 
18 

18 
18 
19 
19 
17 
21 
19 
19 
19 
18 
16 

12... 
13... 
14... 

24 
24 

20 
20 
20 
20 
19 
19 
24 
26 
24 
24 

18 
18 
18 
18 
19 
16 
17 
18 
19 
20 

16 
15 
15 
18 
18 
18 
18 
20 
18 
18 

22... 

22 
21 
21 
22 
21 
21 
20 
20 
20 
20 

27 
19 
16 
19 
19 
18 
18 
19 
19 

2... 

23... 

3 

24... 

4...I 

15... 

25... 

5:..i : 

16... 

26... 
27... 
28... 
29... 
30... 
3i... 

28 
22 
27 
27 
24 
24 

6 

17... 

7...' 

18... 

8...' 

19... 

9.. J 

20... 

10 

21... 

n...i 

t 
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DMiarge^  in  second-feety  of  Mill  Creek  ri  liead  of  Craflon  zanja^  California — Continued. 

1896. 


•2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
81. 


Day. 


J7 


18 
18 
17 
17 
17 
17 
17 


17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
16 
17 
17 
18 
18 
17 
17 
17 
17 
17 
17 
17 
17 
17 
16 
16 
15 
16 
19 
19 


May. 


7   I 


26 
22 
17 
17 
16 
17 
17 
17 
17 
15 
15 
15 
15 
15 
18 
18 
18 
18 
20 
18 
17 
16 
16 
18 
16 
16 
18 
18 
17 
16 
16 


16 
16 
16 
16 
16 
14 
12 
14 
14 
15 
14 
14 
14 
13 
13 
13 
12 
15 
12 
12 
13 
12 
18 
12 
12 
11 
11 
11 
10 
10 


July. 

Aug. 

Sept. 

11 

8 

9 

10 

8 

9 

10 

8 

7 

11 

8 

9 

11 

8 

8 

11 

7 

9 

11 

7 

8 

10 

7 

8 

10 

7 

8 

8 

a  10 

8 

8 

10 

8 

10 

8 

7 

10 

8 

8 

10 

/ 

8 

9 

m 

i 

8 

9 

7 

9 

7 

8 

8 

7 

8 

9 

m 
1 

8 

9 

u 

8 

9 

25 

8 

9 

17 

8 

9 

14 

8 

8 

10 

8 

7 

10 

9 

9 

9 

9 

7 

9 

9 

7 

13 

9 

7 

13 

8 

8 

11 

9 

m 
i 

11 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
9 
8 
9 
9 
9 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 

11 
II 
11 
11 
11 

12 

11 

12 
11 

u 
11 
11 
11 

10 
10 

11 
11 

10 

11 
11 
11 
11 


a  Not  entire  flow  of  creek. 


1899. 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


11 
11 
11 
11 
11 
12 
11 
10 
11 


Feb. 


11 
11 
11 
11 
11 
11 
11 
11 
12 
12 
12 
12 


12 
12 
12 


12 
12 
12 

ii 

11 
13 
11 
12 
12 
11 


Mar. 


10 
10 
10 
10 
10 
10 
13 
13 
11 
15 
14 
12 
12 
16 
16 
16 
12 
12 
16 
16 
14 


Apr. 


18 
18 

1? 
12 

12 

11 

12 

12 

12 

12 

12 

11 

11 

11 

11 

12 

12 

13 

12 

11 

11 

12 

11 

12 

12 

12 

12 

12 

12 

12 


May. 


12 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 
12 
12 
11 
12 
12 
12 
11 
11 
11 
11 
11 
11 
10 
10 
10 
11 
10 
11 
11 
11 


June. 


17 

13 

12 

11 

10 

11 

10 

10 

10 

8 

8 

8 

8 

7 

I 

8 
9 
8 
8 
8 
8 
8 
7 

I 

7 
8 
8 
« 
6 
4 


July. 

Aug. 

5.6 

7.1 

6.2 

6.2 

6.2 

5.8 

6.2 

6.7 

4.9 

7.2 

6.7 

6.9 

6.7 

6.7 

6.7 

6.2 

6.7 

6.2 

6  2 

6.2 

6.2 

6.2 

6.2 

6.2 

4.8 

5.6 

4.8 

5.3 

5.1 

6.2 

7.2 

6.6 

6.8 

5.3 

4.9 

6.0 

6.2 

6.0 

4.9 

5.3 

5.1 

5.9 

6.8 

6.9 

6.2 

6.3 

6.5 

6.2 

5.4 

6.8 

5.4 

5.8 

4.8 

6.8 

4.8 

4.3 

5.5 

4.3 

5.5 

6.8 

5.5 

2.9 

Sept. 

Oct. 

Nov. 
7.2 

5.5 

4.8 

6.6 

5.3 

7.2 

6.4 

6.3 

6.8 

6.4 

4.3 

6.8 

6.5 

4.6 

7.2 

5.6 

6.3 

7.2 

6.6 

5.6 

7.2 

5.3 

4.8 

7.2 

6.7 

6.6 

6.1 

5.3 

6.2 

6.1 

5.3 

5.7 

6.8 

4.9 

6.1 

6.8 

4.9 

6.2 

6.4 

4.9 

8.6 

11.2 

6.2 

7.8 

11.2 

4.8 

7.8 

9.8 

3.2 

7.8 

9.8 

3.0 

7.2 

9.8 

3.0 

7.8 

9.8 

2.8 

7.2 

9.7 

2.8 

7.2 

9.7 

2.8 

7.2 

9.6 

2.8 

7.8 

9.7 

2.8 

6.6 

9.8 

2.8 

6.6 

10.4 

2.8 

7.8 

10.0 

2.9 

7.2 

9.8 

2.0 

7.2 

9.8 

2.7 

7.2 

9.8 

2.8 

7.2 

9.8 

7.2 

1 

Dec 


9.8 
9.5 
9.4 
8.8 
8.0 
7.8 
8,0 
5.8 
9.0 
8.8 
9.0 
8.2 
9.8 
9.6 
9.6 
7.8 
14.6 
13.0 
12.6 
9-8 
9. 
11. 
9. 
9 
9 
10,0 
10.0 
8,5 
9.4 
9.S 

lao 


i 
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DEVELOPED   WATER  OF   SAN    BERNARDINO   VALLEY,  CALIFORNIA. 

The  streams  of  the  eastern  end  of  San  Bernardino  Valley  are  dis- 
charged from  their  mountain  canyons  on  a  delta-like  formation  of 
gravel  and  sand,  into  which  the  water  rapidly  sinks.  Apparently  a 
dike  of  impervious  material  extends  across  this  valley  in  a  northwest- 
southeast  direction,  passing  a  short  distance  east  of  the  town  of  Col- 
ton.  Into  this  body  of  undergound  water  numerous  development 
works  have  been  projected,  and  it  is  this  source  of  supply  which  fur- 
nishes water  for  irrigation,  particularly  in  the  neighborhood  of  River- 
side. Obsei-vations  were  instituted  in  1898  to  determine  the  total 
output  from  this  underground  source,  and  results  may  be  found  in  the 
Twentieth  Annual  Report,  Part  IV,  pages  567  and  569.  Similar  obser- 
vations were  made  for  the  Geological  Survey  by  Mr.  K.  Sanborn,  in 
March,  June,  and  August,  1899,  in  order  to  discover  whether  there  is 
a  difference  in  output  at  the  end  of  the  rainy  season  as  compared  with 
the  end  of  the  dry  season,  and  whether  the  supply  is  increasing  or 
decreasing.  The  following  table  gives  the  three  series  of  measure- 
ments in  1899: 


Discharge  measuremenU  in  San  Bernardino  VaUeyj  California, 


Date. 

stream. 

Ditch. 

Dinchargc. 

1899. 
Febmary  28  . . 

Do 

Warm  Creek 

do 

Upper  canal,  Riverside  Water 
Company,  at  head  gate. 

Swamp,  at  nrst  turnout 

Mill  nume,  Riverside  Water 
Company,  end  of  flume. 

Whitings,  nead 

Seeotidr/eet. 
60.53 

.85 
5.30 

.76 
.82 
.47 

1.61 

.71 

17.00 

.28 

.72 

.    2.26 

2.23 

9.40 

.72 
27.40 

.00 

2.13 

16.00 

3.09 
16.67    1 

1.64 

Do 

March  1 

Do 

Santa  Ana  River  . . . 

Lytle  Creek 

do 

Mclntyre,  head 

Do 

Do 

City  Creek 

Whitlock,  flume  at  Waterman 

avenue. 
Loffsdon  &  Farrell,  at  head . . . 
Daley,  at  head 

do 

Do 

do 

Do 

March  2 

Warm  Creek 

do 

Meeks  &  Daley,  at  head  gate. . 
Haws  &  Talmage,  at  head  gate . 
Beam,  flume  at  head. . .' 

Do 

do 

Do 

.....do  

Rabel,  at  head  eate 

Do 

do 

Shay  or  Stout  dam,  at  head 

gate. 
McKenzie,   300    feet    below 

head  gate. 
Gafie  canal,  head 

Do 

do 



March7 

Do 

Santa  Ana  River  . . . 
do 

Gage  canal,  Palm  avenue,  weir. 
Timber,  at  head 

Do 

do 

Do 

March  10 

Do 

Artesian  wells 

Santa  Ana  River  . . . 

do 

Camp  Carlton 

Lower  canal.  Riverside  Water 
Company,     Spanish  town 
ditch  turnout. 

Ward  &  Warren,  at  head 

Wells,  Riverside  Water  Com- 
pany. 

Ranchero,  near  head 

Do 

March  13 

Artesian  wells 

Lytle  Creek 
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Discharge  meajmremeniif  in  San  Bernardino  Valley,  Oitt/bmtVi— Continued. 


Dale. 

.stream. 

Ditch. 

Diacharsc. 

1 

1899. 
March  13 

Do 

Pumping  plants 

do 

East  Riverside  irrigation  dis- 
trict, at  reservoir. 

Colton  Terrace  Water  Com- 
pany, head  of  pipe  line. 

City  o'f  Colton 

Steandrfnt.    ' 

4.25    1 

1 
l.t>i)    1 

Do 

do 

1 
.(10    1 

Do 

do 

Pomeroy  &  Marble 

.(^ 

Do 

do 

Johnson  &  Hubbard 

.00 

Do 

do 

Base  line  and  Waterman  ave- 
nue. 

In  canyon  above  all  diversions. 

Haws   &  Talmage,   300  feet 
below  head. 

Rabel,  weir  at  head 

.00 

March  25 

June  16 

Do 

City  Creek 

8.  8<>    I 

Warm  Creek 

do 

.05    1 
1.54    ' 

Do 

do 

Shay  or  Stout  dam,  weir  at 

head  submeT)^. 
McKenzie,    150    feet    below 

head  gate. 

Swamp,  weir  first  tamoat 

Gage  canal,  weir  at  head 

Gage  canal.  Palm  avenue,  weir. 
Timber,  head 

1.13 

Do 

do 

3.Sl>    ' 

June  20 

do 

■»■■        \ 
•    1  1 

Do 

Do 

Santa  Ana  River  . . . 
do 

.24 

25.46    ' 

Do 

do 

.Oi')    ■ 

Do 

Do 

June  23 

Do 

Do 

do 

Ward  &  Warren,  weir  at  head . 
Camp  Carlton,  weir  at  head . . 

Mclntyre,  weir  at  head 

East  Riverside  irrigation  dif>- 

trict,  weir  to  reservoir. 
Upper     Bloomington,     bu1>- 

mei^ged  weir  near  head. 
Lower     Bloomington,     su]>- 

merged  weir  flume. 
Meeks  &  Dalev,  weir  at  head  . 
Upper  canal,  ftiverside  Water 

Company,  weir  at  head. 
Mill  flume,  Riverside  Water 

Company,  flume  at  mill. 
Colton  Terrace  Water  Com- 
pany, head  of  pipe  line. 
City   of    Colton,  weir,  upper 

plant. 

CitY  of  Colton,  estimated 

Mill  pump.  Riverside  Water 

Company,  weir  at  mill. 
Beam,  flume  at  head 

.(V2    ' 

do 

l.rt2    ' 

Lytle  Creek 

Pumping  plants 

do 

.15    ' 

2.  OS  ; 

3.34    ' 

Do 

do 

5.93 

June  26 

Do 

Do 

Do 

Do 

Do 

Do 

June  27 

Do 

Do 

Do 

Warm  Creek 

do 

15. 4S    , 
53.92 



Santa  Ana  River 

Pumping  plants 

do 

7.2)    , 

i.no 
2  on 

do 

r 

2  tiO 

do 

1  77 

Warm  Creek 

Lytle  Creek 

City  Creek 

.5'^ 

Whitings,  weir  at  head 

Whitlock,  flume,  Stiles  street. . 
Logsdon  &  Farrell,  flnme  at 

head. 
Daley,  flume  acmss  City  Creek . 
Lower  canal,  Riverside  Water 

Company,  flume  at  head. 
McKenzie,    200    feet    below 

head  gate. 
Haws  &  Talmage,  head  gate  . . 
Rabel,  at  head  gate 

do 

1    15 

Do 

do 

51 

June  28 

August  22 

Ausrust  25 

Santa  Ana  River  . . . 

Warm  Creek 

do 

2.Ui    1 

Do 

do 

IM    ' 

Do 

do 

Shay  or  Stout  dam,  weir  at 

head. 
Meeks  &  Daley,  weir  at  head  . 

Gage  canal,  weir  at  head 

Gage  canal.  Palm  avenue,  weir. 
Timber,  head 

»li'    ; 

Do 

do 

10  45 

Do 

Do 

Santa  Ana  River . . . 
do 

*>4  T 

Do 

do 

» » ■' 

CALIFORNIA. 
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DigcJiarge  measuremetUJt  in  San  Bernardino  VaU^yy  Califomiti — OontiuutHl. 


Date. 

stream. 

Ditch. 

Discharge. 

1899. 

.Vugust  26 

Do 

Do 

Warm  Creek 

Lytle  Creek 

do 

Beam,  flume  at  head 

Second-feet. 

.40 
.00 
.01 
.41 
.00 

1.30 
1.52 
2.37 
1.18 

3.05 

.00 
.00 

1.20 

1.02 
.09 
.54 

.51 

.69 

1.56 

2.50 

1.67 

52.04 

7.38 

Mclntyre,  head 

Whitincrs,  head 

Do 

do 

Ranchero,  weir  near  head 

East  Riverside  irrigation  dis- 
trict, pumps  not  running. 

Col  ton  Terrace  Water  Company 

City  of  Col  ton,  upper  pumps. . 

City  of  Colton,  lower  pumps . . 

Upper  Bloomington,  weir  at 
iiead. 

Lower  Bloomington,  weir  at 
flume. 

Pomeroy  AMarble,  not  runni  ng. 

Johnson  &  Hubbard,  not  run- 
ning. 

Base  Rue  and  Waterman  ave- 
nue, estimated  by  owner. 

Camp  Carlton,  weir  at  head . . . 

Whitlock,  flume.  Stiles  street. . 

Logsdon  &  Farrell,  flume  at 
head. 

Daley,  flume  across  City  Creek . 

Swamp,  weir  first  turnout 

Ward  &  Warren,  weir  at  head . 

Mill  flume.  Riverside  Water 
Company,  flume  at  mill. 

Mill  pump.  Riverside  Water 
Company,  weir  at  pump. 

Upper  canal,  Riverside  Water 
Company,  weir  at  head. 

Lower  canal,  Riverside  Water 
Company,  flume  at  head. 

Do 

Do 

Pumping  plants 

do 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

Do 

Do 

do 

do 

August  27 

August  28 

Do 

Santa  Ana  River  . . . 

City  Creek 

do  .- 

Do 

do 

August  30 

Bo 

Do 

Warm  Creek 

Santa  Ana  River  . . . 
do 

August  31 

!           Do 

September  1 . . 

Pumping  plants 

Warm  Creek 

Santa  Ana  River  . . . 

TEMESGAL  GREEK   NEAR   RINCON,  CALIFORNIA. 

This  stream  rises  in  the  extreme  southwestern  corner  of  Riverside 
County,  California.  Its  smaller  tributaries  have  their  sources  on  the 
eastern  slope  of  the  Santa  Ana  Mountains.  The  river  flows  in  a  gen- 
ei'al  northerly  direction,  entering  Santa  Ana  River  2i  miles  above 
Bincon  and  just  above  the  lower  narrows  of  the  Santa  Ana.  San 
Jacinto  River  discharges  into  Lake  Elsinore.  During  years  of  heavy 
rainfall  this  lake  overflows  and  the  surplus  water  finds  its  way  into 
Temescal  Creek.  During  the  last  few  years,  however,  there  has  been 
no  such  discharge  from  Lake  Elsinore.  The  water  of  Temescal  Creek 
and  of  its  tributary,  Coldwater  Creek,  is  used  for  irrigation  in  the  vicin- 
ity of  Corona.  A  series  of  measurements  of  Temescal  and  Coldwater 
creeks  have  been  made  by  F.  Rolfe,  and  are  given  below.  The  first 
table  gives  the  measurements  at  the  upper  pipe  line  of  the  Temescal 
Land  and  Water  Company  at  the  manhole  in  Rolfe's  field;  the  second 
table  shows  the  discharge  of  the  lower  pipe  line  at  Eddy's  blacksmith 
shop;  the  third  table  is  the  discharge  of  the  same  pipe  line  near 
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Riley's  ranch;   the  fouith  table  shown   the  discharge  of    Coldwatier 
Creek  at  its  mouth. 

During  the  recent  dry  years  there  has  been  no  surface  flow  of  Tem- 
escal  Creek.  The  water  flowing  in  the  upper  pipe  line  of  the  Temcs- 
cal  Land  and  Water  Company  includes  the  principal  part  of  the  flow 
of  Coldwater  Creek  and  Temescal  Hot  Springs,  augmented  bj*  water 
pumped  from  wells  in  Temescal  Valley. 

Discharge  mecuuremenis  of  upper  pipe  line  of  Temescal  Land  and  Water  Company  *tt 

manhole  in  Bolfe' 8  field,  Calif omia, 

1899. 


Date. 


January  27. 
February  4. 
February  11 
February  18 
February  24 

March  3 

March  12... 
March  16... 
March  25... 
March  81... 
April  14.... 


Diachanr^. 


Second-Jeet. 
0.74 
1.62 
.87 
3.67 
3.87 
8.87 
5.10 
8.66 
3.74 
4.16 
2.98 


Date. 


April  22. 
April  29. 
May  6... 
May  IS.. 
May  18. . 
May  90.. 
June  9 . . 
June  16 . 
July  10.. 
July  19. . 
July  26.. 


Dwphnnrf*- 


Second-fert. 
3.71 
3.25 
2.80 
4.02 
4.21 
4.01 
3.36 
3.33 
3.21 
3.20 
3.67 


Discharge  measurements  of  lower  pipe  line  of  Temescal  Land  and  Waier  Company, 

California. 


1-J9i. 


January  28.. 
February  1  . 
February  11 
February  15 
February  20 

March  4 

March  12  . . . 
March  18... 
March  25  . . . 
March  31 . . . 
April  14 


Discharge. 

Second-feet. 
0.66  a 

.00a 

.34a 

1.89  a 

1.56  a 

4.22  a 

3.51a 

2.69  a 

2.91a 

8.42  a 

.890 

April  22 
April  29 
May  6.. 
May  13. 
May  30. 
June  9. 
June  15 
July  4.. 
July  19. 
July  28. 


Steond-fceL 
2.28a 
2.28a 
4.46  a 
2.55a 
S.06& 
8.106 
2.366 
2.87b 
2.086 
2.49  6 


a  Measurements  at  Eddy's  blacksmith  shop. 


h  Measurements  near  Riley's  ranch. 


Discharge  measurements  of  Coldwaier  Creek  at  mouth,  CaUfomia. 

1899. 


Date. 


January  18 . 
January  27  . 
February  3 . 
February  11 
February  18 
February  24 

March  1 

March  12  . . . 
March  17  . . . 
March  25  . . . 
March  31... 
April  14 


Discharge. 


Second-fed. 

1.43 

.84 

•  99 

.97 

.78 

.94 

.92 

.71 

1.60 

1.18 

.84 

.68 


Date. 


April  15 
April  21 
April  26 
May  5.. 
May  13. 
May  17. 
May29. 
May  31. 
May  31. 
June  5. 
June  7. 


Diacluu9e.l 


a62 
.26 
.38 
.87 
.21 
.21 
.27 


¥» 


CALIFORNIA. 
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CHINO   CREEK   AT  RINCON,  CALIFORNIA. 

San  Antonio  Creek  discharges  from  the  southern  slope  of  the  Sierra 
Madre  onto  a  large  bed  of  sand  and  gravel.  The  underground  waters 
percolate  slowly  to  the  south,  and  begin  to  appear  again  in  the  channel 
of  what  is  known  as  Chino  Creek.  This  creek  enters  Santa  Ana 
Kiver  just  before  the  latter  stream  passes  through  its  lower  canyon  in 
the  Coast  Range.  The  discharge  of  Chino  Creek  is  very  constant, 
owing  to  the  nature  of  its  supply,  and  hence  water  rights  along  its 
coui*se  are  valuable  on  account  of  their  permanency.  A  series  of 
measurements  of  the  supply  of  this  creek  were  made  during  1899 
under  the  direction  of  J.  B.  Lippincott.  There  is  no  gage  rod,  owing 
to  the  shifting  nature  of  the  stream  bed. 

Disdiarge  meamremenbi  of  Chino  Creek  at  Rincoriy  California, 

1899. 


Date. 


May  2... 
May  15.. 
June  3 . . 
June  15 . 
July  4  .. 
July  17  . 
August  1 


Diachargre. 


Srcond-feel. 

12.79 
8.64 

17.02 
5.63 
8.02 
4.68 
7.49 


Date. 


August  15. . . . 

August  31 

September  29 
Octcber25... 
October  26... 
November  18 


Discharge. 


Srcond-feet. 

2.14 

8.19 

388 

14.52 

14.52 

20.06 


SANTA   ANA   RIVER  AT   RINCON,  CALIFORNIA. 

This  river  and  its  tributaries  derive  their  water  supply  from  the  south- 
ern and  western  slopes  of  the  San  Bernardino  Mountains.  On  their 
appearance  from  their  canyons  the  water  is  shortly  diverted  for  irriga- 
tion purposes.  After  passing  through  San  Bernardino  Valley  water 
begins  to  appear  on  the  lower  courses  of  Santa  Ana  River,  and  at  the 
point  where  it  passes  through  the  Coast  Range  a  remarkably  constant 
stream  is  found.  The  bed  rock,  although  not  visible  in  the  channel 
of  the  river,  must  be  near  the  surface,  judging  by  the  appearance  of 
the  water  in  the  bed.  Springs  of  large  volume  occur  on  the  southern 
side  of  the  river  near  Rincon,  and  the  flat  lands  immediately  above  there 
are  heavily  saturated  with  the  rising  water.  Artesian  water  also  is 
found  in  considerable  quantities  from  Rincon  to  Pomona,  in  the  valley 
of  Chino  Creek.  Twelve  miles  above  Rincon  Santa  Ana  River  passes 
through  what  is  known  as  Riverside  Narrows,  and  here  also  the  water 
appears  at  the  surface.  Approximately  80  second-feet  are  used  in  this 
locality  for  irrigation  purposes.  Two  measurements  were  made  at 
Riverside  Narrows  in  1899,  the  first,  on  July  17,  showing  a  discharge 
of  31.70  second-feet,  and  the  second,  on  September  12,  showing  a  dis- 
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charge  of  39.69  second-feet.  Measurements  were  also  made  during 
1899  of  Santa  Ana  River  at  the  Rincon  Narrows.  The  first  were 
made  1  mile  below  the  town  of  Rincon,  and  included  the  water  of 
Chino  Creek.  After  September  29  measurements  were  made  at  the 
bridges  in  the  town  of  Rincon  and  above  the  mouth  of  Chino  Creek. 
It  was  found  that  at  this  latter  point  from  2  to  3  second-feet  more  water 
was  flowing  than  at  the  locality  1  mile  below,  where  the  earlier 
measurements  were  made. 

Discharge  mecauremerUs  of  Santa  Ana  River  near  Rincon,  below  mouth  of  Ouno  Creeks 

California, 


Date. 


1898. 

June  21 , 

AugTMt28 

1899. 

January  8 

January  16 

Janimry  28 

Febniary  15 

March  4 

March  18 

April  6 

April  18 

May  2 

May  15 

June  8 

June  16 

July4 

July  18 

August  1 , 

August  15 , 

August  30 

September  18 

September  29 


Discharge  in  aeoond-feet. 

1 

River. 

Oanal. 

TotaL    1 

79.81 

8.18 

82.99 

62.67 

4.15 

66.82 

209.40 

2.80 

2U.70 

231.90 
216.00 

231.90 
2:22.50 

6.  SO 

181.00 

1.75 

182. 7S 

108.60 

0.00 

108.60 

199.89 

0.00 

199.89 

172.28 

O.0O 

172.23 

101. 10 

2.75 

103.85 

100.34 

2.45 

102.79 

100.86 

8.95 

104.31 

U0.27 

8.  IB 

113.45 

87.89 

1.65 

89.54 

68.89 

2.42 

71.  SI 

64.13 

1.54 

^.67 

67.82 

3.44 

61.26 

64.71 

3.16 

67.87 

65.90 

2.00 

67.90 

72.78 

L65 

74.38 

88.82 

83.82 

Discharge  measurements  of  Santa  Ana  River  at  Rincon,  above  mouth  of  Chino  Oreek^ 

California, 


1899. 


Date. 


October  26 . . , 
October  26 . . . 
November  18 


Discharge  in  second-feet. 


River. 


131.82 
146.58 
151.16 


Chino 
Creek. 


14.  G2 
14.52 
20.06 


Springs. 


Tota}. 


0.50 
.50 
.60 


146.34 
161.55 
171.72 


SAN   LUIS  RET   RIVER,  CALIFORNIA. 

This  river  rises  on  the  western  slope  of  the  Coast  Range,  in  the 
northern  part  of  San  Diego  County,  California.  It  flows  westerly, 
with  rapid  fall,  and  after  passing  through  a  narrow  gap  in  the  moun- 
tains finally  enters  the  Pacific  about  35  miles  north  of  San  Di^fo. 
The  water  of  this  river  is  diverted  upon  its  appearance  from  the  canyon 
by  the  flume  of  the  Escondido  irrigation  district,  and  is  conducted 
to  a  reservoir,  whence  its  waters  are  used  for  irrigation  purposes.    In 
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addition  to  this  diversion,  2  seoond-feet,  approximately,  are  permitted 
to  remain  in  the  river  for  the  use  of  the  Indians  near  Pamna,  who  are 
prior  appropriators.  The  following  results  are  furnished  by  the 
EsGondido  irrigation  district.  The  measurements  are  made  over  a 
weir  at  the  head  works  of  their  canal.  The  following  table  shows  the 
entire  flow  of  the  river,  with  the  exception  of  the  2  second-feet  noted 
above.  The  drainage  area  at  the  point  of  diversion  is  229  square 
miles. 

DMiwrge,  in  t^eoondrfeet^  of  San  Luis  Rey  River  in  canyon,  Caltfomia,  for  1899, 


1 

Day. 

Jan. 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

24.0 
0.0 
0.0 

10.0 
0.0 
6.0 
6.0 
6.0 
6.6 
6.8 
4.9 
4.7 
8.0 
8.6 
8.6 
8.6 
8.4 
8.0 
8.0 
8.0 
8.0 

Feb. 

8.0 

20.0 

88.0 

18.3 

14.9 

10.1 

10.2 

10.2 

9.8 

9.0 

8.6 

7.8 

7.8 

7.8 

7.8 

7.8 

6.9 

6.9 

6.6 

6.8 

4.9 

4.7 

4.7 

16.8 

10.1 

7.6 

6.6 

6.9 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

5.6 

6.3 

6.0 

4.7 

4.1 

8.6 

8.6 

8.6 

3.6 

8.6 

8.6 

8.6 

8.6 

8.6 

8.6 

8.6 

24.4 

24.4 

11.7 

11.7 

26.0 

18.6 

18.8 

11.7 

10.9 

19.6 

11.7 

10.9 

17.8 

16.1 

11.7 

10.9 
9.8 
9.0 
8.6 
8.1 
7,8 
7.8 
6.6 
6.2 
6.9 
6.3 
4.9 
4.6 
4.4 
4.1 
8.9 
8.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.7 
4.1 
0.0 
0.0 
0.0 

a 

10.0 
10.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
OlO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

a 

a 

a 

a 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
010 
2.0 
0.0 
4.8 
8.6 
0.0 
0.0 
0.0 
0.0 
0.0 
2.6 
0.0 
0.0 
0.0 
0.0 
7.2 
6.4 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

.  12 

18 

14 

15 

16 

17 

18 

. 

19 

20 

;  21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 

a  River  dry  for  month. 


SWEETWATER  BIVER  AT  SWEETWATEB  DAM,  GALIFOBNIA. 

This  river  has  its  source  on  the  western  slope  of  the  Cuyamaca 
Mountains,  in  the  extreme  southern  part  of  San  Diego  County,  Cali- 
fornia, adjoining  Mexico.     During  the  last  three  seasons  observations 
of  the  discharge  of  this  river  into  the  Sweetwater  reservoir  have  been 
made  by  N.  H.  Savage,  who  is  the  chief  engineer  of  the  Sweetwater 
irrigation  system.    The  measurements  are  of  particular  accuracy, 
because  the  capacity  of  the  reservoir  is  definitely  known,  and  the  read- 
ings of  the  gage  rod  in  the  reservoir  indicate  volumes  discharged. 
Mr.  Savage  furnishes  these  records  voluntarily,  and  they  are  of  special 
interest,  not  only  because  of  the  great  value  of  water  in  this  portion  of 
San  Diego  County,  but  also  because  this  basin  is  located  in  the  extreme 
southwestern  corner  of  the  United  States.    The  effects  of  the  severe 
drought  of  the  last  few  years  in  southern  California  are  brought  out 
IRB  39 3 
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very  plainly  by  a  study  of  the  discharge  table  which  is  given  below. 
The  drainage  area  above  the  reservoir  is  186  square  miles.  The  second 
table  shows  the  amount  of  evaporation,  by  weeks,  from  the  water 
surface  of  the  Sweetwater  reservoir,  from  January  1,  1897,  to  April 
30,  1899.     The  third  table  shows  the  rainfall  for  1898. 


EnUmaUd  discharge  of  Sweetwater  IHver  at  Sweetwater  dairiy  OaUforfoa. 

[Drainage  area,  186  square  miles.] 


Year. 


1896-07 
1897-98 
1896-99 


Dls-     !  Total  for 
charge.       year. 


Sec  feel. '  Acn-feeL 
9.85    I    6,777 
.006  I  4.8 

.389  I        245.5 


Run-off. 


I 


Inches.     Sec  feet. 


0.665 
.0005 

.025 


0.050        , 
.000082 

.0018 


Rain. 


10.97 
7.05 
5.06 


Date. 


Evaporation  at  Suneetwaler  dam^  California. 

1897. 


Weekly.       ;  Monthly. 


*January  1  to  June  I 
30 

July4 :....{ 

Julyll 

July  18 

July  25 

August  1 I 

August  8 

August  15 

August  22 

August  29 

September  5 

September  12... 
September  19.., 
September  26 . . . 

Octobers 


{ 


{ 


Inches. 


.778 
1.031 
1.722 
1.724 
1.968 
1.617 

.269 
1.886 
1.845 
1.783 
1.722 

.492 
1.290 
1.640 
1.476 
1.894 

.796 

.598 


Inches. 
25.177 


} 


1} 


8.062 


7.997 


6.536 


Date. 


October  10... 
October  17... 
October  24... 
October  81... 
November  7 . 
November  14 
November  21 
November  28 

December  5. . 

December  12. 
December  19. 
December  26. 
December  81. 


Total  for  1897. 


{ 


Weekly. 


Inches. 
1.312 
1.066 

1.312 
.902 
1.025 
1.148 
.920 
.234 
.586 
.574 
.492 
.492 
.631 


Monthly. 


/nefccat. 


6.272 


} 


4.229 


2.775 


60.048 


Records  for  three  days  In  August  were  assumed ;  high  winds  filled  pan. 
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Evaporation  at  Sweetwater  dam.,  California — Continued. 

1898. 


Date. 

Weekly. 

Monthly. 

Date. 

Weekly. 

Monthly. 

January  2 

January  9 

January  16 

January  23 

January  30 

February  7 

February  13 

February  20 

February  27 

March  6 

Inches. 

(        ao.esi 

\               .107 

.328 

.246 

.492 

.574 

.41 

.574 

.82 

.730 

f                .129 

\                .773 

.738 

.82 

1.248 

/                .670 

\                .619 

1.066 

1.148 

1.353 

/              1.265 

t                .211 

1.230 

1.28 

1.066 

1.894 

f                .480 

\              1.201 

1.640 

1.517 

1.804 

f              1.031 

I                .773 

Inches. 

1.747 
}    2.671 

}    4.249 

1    5.361 

1    6.611 

}    7.193 

1 

July  10 

Inches. 

1.722 

1.968 

1.804 

1.886 

1.804 

1.804 

1.886 

1.804 

/                .848 

t              1.125 

1.722 

1.804 

1.599 

/                .989 

\                .395 

1.230 

1.189 

1.025 

.984 

f                .176 

t              1.054 

1.066 

.820 

.738 

r                .834 

\                .445 

No  record. 

No  record. 

No  record. 

.422 

Incite*. 

8.163 
}    8.141 

1    7.239 

\    4.999 

1    4.012 
.867 

July  17 

July24 

July31 

Aufrust7 

August  14 

August  21 

August  28 

September  4 

September  11 

September  18 

September  25 

October2 

October  9 

October  16 

October  23 

October  30 

November  6 

November  13 

November  20 

November  27 

December  4 

December  11 

December  18 

December  25 

December  81 

Total  for  1898. 

March  13 

March  20 

March  27 

April  3 

April  10 

April  17 

April  24 

Mayl 

May8 

May  15 

May  22 

May29 

June  5 

June  12 

June  19 

June  26 

60.233 

Julys 

a  Evaporation  during  last  five  days  in  1897.        Record  missing  for  three  weeks  in  December. 

1899. 


January  1 . . . 

January  8... 
January  15.. 
January  22.. 
January  29.. 

February  5  . 

February  12 
February  19 
February  26 

March  5 


{ 

aO.422 

.070 

.828 

.246 

.633 

.820 

{ 

.165 

.411 

.656 

.802 

.820 

{ 

.281 

.708 

March  12 
March  19 
March  26 

April  2... 

April9... 
April  16.. 
April  23.. 
April  30.. 


Total  for  1899, 
to  April  30. 


{ 


1.28 

.902 

.656 

.878 

.352 

1.148 

1.230 

1.886 

1.312 


} 


4.366 


5.928 


15.426 


a  Evaporation  during  last  six  days  in  1898. 
Rainfall  at  Sweetwater  dam,  CaUfomia. 


Month. 


January  , 
February 
March . . . 
April  .... 

May 

June 

July 


1898. 

1899. 

Inches. 

Inches. 

2.33 

2.40 

.18 

.70 

1.50 

.89 

.33 

.23 

.85 

.11 

0.00 

.58 

0.00 

.00 

Month. 


August . . . 
September 
October  .. 
November 
December 

Total. 


1896. 


1899. 


Inches. 

Inches. 

0.00 

.00 

0.00 

.00 

0.00 

.41 

0.07 

1.66 

0.76 

.77 

5.97 

7.77 
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MISOEIiLANEOUS  DISCHARGE  MEASUREMENTS  IN  CALIFORNIA. 

Durinjif  the  severe  drouj^ht  of  1898  measurements  on  the  important 
irrigation  streams  of  California  daring  their  low  stages  were  instituted, 
and  the  results  were  shown  in  Water-Supply  Paper  No.  28,  page  193. 
The  rainfall  for  1899  was  also  deficient  throughout  Oalifornia,  and  up 
to  the  present  time  the  water  shortage  has  been  extreme.  As  a  con- 
tinuation of  the  low-water  measurements  of  the  previous  years  the 
series  given  below  were  made  during  1899: 

Miscellaneous  discharge  measuremenis  in  CaUfomia  in  1899. 


Date. 

stream. 

Locality. 

Diacbaise.    { 

January  11  ... 

March  14 

March  15 

Do 

March  16 

March  17 

Eaton  Canyon  Creek 
Pini  Creek 

At&lls 

0.50 

Narrows,  8^  miles  above  Piru. 

Head  works  of  Sespe  Land  and 
Water  Company's  canal. 

In  Santa  Clara  Valley,  1  mile 
east  of  Fillmore. 

Just  above  wagon-road  cross- 
ing, 200  feet  below  South- 
em  FiBcific  Bailroad  bridge. 

do 7:... 

3.52    1 

Seepe  Creek 

Lower  Cienega  ditch 
Pire  Creek 

a25    ' 
1 

2.43 
60.00    ' 

.....do  ............ 

1 
1 

151. 50    ' 

March  24 

Do 

Mait^h25 

September  13.. 
September  16.. 

Do 

East  Twin  Creek .. . 

West  Twin  Creek... 

Plunge  Creek 

Sacramento  River . . 
American  River.... 

do 

15  feet  above  headworks  of 

Del  Rosa  canal. 
At  point  above  headworks  of 

canal. 
At  point    below   intake   in 

walled  canaL 
Jellvs  Ferrv. ---..-. ----.- 

3.88 

j            3.  CO 

10.85 

1 

4. 087. 00 

1  mile  above  mouth  of  South 
Fork. 

North   Fork  ditch,  at   road 
crossing  2}  miles  above  Fol- 
som. 

Natoma  ditch,  South  Fork,  at 
Plaoerville  road  crossinff. 

South  Fork,  estimated  by  Mr. 
Knight  superintendent  Fol- 
Bom  Electric  Power  Com- 
pany. 

At  town  of  Suttercreek,  esti- 
mated. 

At  bridge,  Jackson  and  Lar 
troberoad  crossing. 

Ditch,  south  side,  at  bridge. 
JaoKHon  and  Latrobe  road 
crossing. 

100  feet  Below  bridge,  Mock 
Hill,  Jackson  road. 

Bridge,  San  Andres  and  Jack- 
son road. 

Oakdale 

<S6. 10    ' 
19.  M 

20.00 

Do 

do 

9 

Do 

do 

20.00 

September  15.. 

Do 

Do 

Sutter  Creek 

Cosnmne  River 

do 

1 
1 

1.00    , 
2.00    ! 
2.00 

September  14.. 

Do 

September  9 . . 
September  11.. 

Do 

Mokelumne  River. . 

Calaveras  River 

Stanislaus  River. . . . 

Tuolumne  River  . . . 

do 

1 
1 

33.10 

0.00 

88.40 

1,000  feet  below  gaging  star 

tion,  at  bridge,  Lagrange. 
Turlock  canal,  flume  No.  3 

Minf  r^cr  ditch ..-,x 

12.10 
28.90 

Do 

do 

24.00 

Total 

65.00    1 

( 
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Mi»cdlaneou8  discharge  meaeuremenla  in  CaHfomia  in  1899 — Continued. 


Date. 

stream. 

LoeaUty. 

Discharge. 

September  11 . 
Do 

Merced  River 

do .. 

Uoffman  canal,  300  feet  below 
head  sate. 

1  mile  above  head  gate,  Hoff- 
man canal. 

Valley  Mills  ditch 

Secondr/eeL 
16.50 

35.50 

4.95 

Do 

do 

Do 

do 

Total 

56.95 

SneUingB  ditch,  estimated 

PoUasky ,  500  feet  above  bridge . 
Hemdon 

0.50 
269.30 
195. 60 
206.00 
151. 10 

0.00 
0.25 
2.00 
0.00 
1.49 

4.87 
40.92 

1.12 
0.41 
0.20 

0.32 

0.25 

33.30 
13.12 

8.43 

7.06 

0.00 

99.22 

0.00 

September  8  . . 
Do 

San  Joaquin  River . 
do 

September  4  . . 
Do 

Kings  River 

do 

Red  Mountain 

Church  ditch,  at  check  weir 

just  below  Trimmer  Springs 

road  crossing. 
Fowler  Switch    canal,  near 

mouth  of  canvon. 

oFcanyon,  estimated. 

Enterprise  canal,  near  mouth 
of  canyon,  estimated. 

'76  canal,  near  mouth  of  can- 
yon. 

Kaweah  Irrigation  and  Power 
Company  canal.  This  water 
is  bem^  pumped  from  wells. 

PoKues  ditch 

Do 

do 

Do 

do 

Do 

do 

Do 

.: do 

September  6  . . 
Do 

Kaweah  River 

do 

Do 

do 

One-half  mile   above  head- 
works  of   Kaweah  Irriga- 
tion and  Power  Company 
canal. 

North  Fork 

Do 

do 

Do 

do 

South  Fork,  Britton  ditch  .... 

South  Fork,  estimated,  Butt- 
mann  d  Hitchcock  ditch. 

South  Fork,  Carter's  lower 

•  ditch. 

South  Fork,  estimated.  Car- 
ter's up^r  ditch. 

At  iron  bridge........ 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

September  5  . . 
Do 

Tule  River 

Pioneer    canal,    just    below 
headworks. 

Pioneer  canal  at  road  cross- 
ing, 1  mile  below  head  gate. 

Pioneer  canal  at  bridge  road 
crossing,    2    miles    below 
head  gate. 

do 

Do 

do 

September  2  . . 
Do 

Septembers  .. 

September  19.. 
Do 

Poeo  Creek 

Kern  River 

Deer  Creek 

First  point  of  measurement . . 

Santa  Clara  River . . 
do 

East  channel,  point  where 
road    crosses    below    San 
Francisquito  Creek. 

West    channel,    below    San 
Francisquito  Creek. 

T^^whftll  ditch 

3.38 

1.65 
3.37 

Do 

do 

Total 

8.40 

1 
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Miscelkmeous  discharge  meaguremenU  in  OoUifornia  in  1899 — Continued. 


Date. 


AagU8tl9. 
Do... 


August  18. 
Do... 
Do... 
Do... 


August  19. 

August  18. 

Do... 


August  21 


Do 


Do 
Do 
Do 


August  28. 

August  29. 
Do... 


Do 


Do 
Do 


August  26. 
Do... 
Do... 


August  25. 


Stream. 


Santa  Clara  River 
do 


Locality. 


do 
do 
.do 
do 


Pi  ru  Creek 

Sespe  Creek 

Santa  Paula  River. 

Pacoima  wash 


Pacoi  ma  submei^ed 
dam. 


Little  Tujunga  Riv- 
er. 
Tujunga  River 


do 


San  Gabriel  River. 


San  Antonio  Creek. 


do 


Cucamonga  Creek.. 


Lytle  Creek. 
do 


.do 
.do 
do 


Warm  Creek, 


Cumulos  ranch  ditch,  2  miles 
east  of  Cumulos  ranch. 

2  miles  east  of  Cumulos  ranch 
house. 

Total 

Farmers  ditch 

Grease  ditch 

East  Side  ditch 

Near  Santa  Paula 

V      Total 

Head  of  ditch  of  Piru  Fruit 
Company. 

In  wailed  canal,  Sespe  Land 
and  Water  Company  ditch. 

In  flume  300  feet  west  of 
Nupu  schoolhouse,  3  miles 
above  Santa  Paula. 

Dry  at  mouth  of  canvon. 
Small  sprin^from  south 'side 
of  mountain  above  wash, 
flowing  0.01,  estimated. 

Pumping  water  which  had  ac- 
cumu&ted  during  night. 
Man  in  charge  of  pump  says 
they  pump  from  5  to  8  min- 
ers' inches  per  day. 

At  weir  headworka  of  Monte 
Vista  ditch. 

Same  place,  statement  of  ditch 
tender. 

Canals,  statement  H.  F.  Park- 
inson. 

Division  weir,  one-half  to  Po- 
mona, one-half  to  Ontario. 
To  Ontario 

Total 

Red  Hill  development,  water 
goes  to  Ontario. 

Weir,  head  of  Rialto  canal  . . 
Weir,    head    of    Grapeland 
canal. 

Total 

Mclntyre  ditch,  at  head 

Whitings  ditch 

Ranchero  ditch,  weir  near 
head. 

Ha\rs  <&  Talmage  ditch,  head 
gate. 


Discliailge. 

17.63 
1.24 


18.8; 


16.00    ' 

8.61 

6.80 
10.34 


40.75 


1.33 
1.93 
0.85 

0.00 


0.24 


0.00 
0.20 
0.44 
5.50 


4.06 
0.42 


4.48 


2.48 


10.62 
1.91 


12.53 


0.00 
0.01 
0.41 
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Miscellaneous  discharge  ineawtrements  in  OaUfomia  in  1899 — Ck>ntinaed. 


r 

Date. 

stream. 

Locality. 

Diachargc. 

August  25 

Do 

Warm  Creek 

do 

Rabel  ditch,  head  0ite 

Shay  or  Stout  ditcn,  weir  at 
head. 

McKenzie,    200   feet    below 
head  gate. 

Meeks  &  Daley  ditch,  weir  at 
head. 

Upper  canal,  Riverside  Water 
Company,  weir  at  head. 

Beam  aitcn,  flume  at  head  . . . 

Swamp  ditch,  weir,  first  turn- 
out. 

Total  of  Warm  Creek  . . . 

Whitlow  ditch,  flume.  Stiles 

street. 
Logsdon&Farrell  ditch,  flume 

at  head. 
Daley  ditch,  flume  across  City 

Creek. 
G^e  canal,  weir,  Santa  Ana 

Kiver. 

Gage  canal,  weir.  Palm  avenue. 

Timber  ditch,  at  head 

Ward  &  Warren  ditch,  weir 

at  h^ad. 
Mill  flume,  Riverside  Water 

Company,  flume  at  mill. 
Lower  canal.  Riverside  Water 

Company,  flume  at  head. 
Camp  Carlton  ditch,  weir  at 

head. 

Total 

Second-feet. 

0.94 
0.90 

2.00 

10.45 

52.04 

0.40 
0.69 

Ausru8t22 

do 

August  25 

do  - 

August  31 

do 

Auim8t26 

do 

August  30 

do 

August  28 

Do 

City  Greek 

67.42 

0.09 
0.54 
0.51 
0.64 

do 

Do 

do 

August  25 

Do 

Do 

Aujni8t30 

Do 

September  1  . . 
Aiigast.27 

Santa  Ana  River  . . . 
do 

24.11 
0.00 
1.56 

2.50 

7.38 

1.02 

do 

do 

do 

do 

do 

August  26 

Do 

Pumping  plants 

do 

36.57 

East  Riverside  irrigation  dis- 
trict, pumps  not  running. 

Colton   Terrace  Water  Com- 
pany. 

City  of  Colton  ditch,  upper 
pumps. 

City  of  Colton   ditch,  lower 
pumps. 

Upper  Bloomington,  weir  at 

Lower  Bloomington,  weir  at 
flume. 

Mill  pump,  Riverside  Water 
Company,  weir  at  pump. 

Pomeroy  <x  Marble,  not  run- 
ning. 

Johnson  &  Hubbard,  not  run- 
nine. 

Base  une  and  Waterman  ave- 
nue, estimated  by  owner. 

Developed  and  return  water 
above  Colton. 

In  cement  ditch  below  head- 
works  in  canyon. 

0.00 
1.30 
1.52 
2.37 
L18 
3.05 
L67 
0.00 
0.00 
1.20 
117.83 
0.48 

Do 

do 

Do 

do 

Do 

do 

1 

Do 

August  31 

do 

do 

August  26 

.  -  -  - .  do  ..,.^........ 

Do 

do 

Do 

do 

August  25 

Do 

Santa  Ana  River  . . . 
Plunge  Creek 
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MutreUaneous  duekarffe  meaturemaUt  in  Oahfamia  m  1S99 — CV>ntiiii]ed. 


Date. 

Btreun. 

liooautf. 

Discliaxsi*. 

Aujni8t25 

CSty  Creek 

In  cement  ditch  near  head- 
works  in  canyon. 

IL  C.  Investment  Co.,  devel- 
oped. 

Cbnal 

In  V  flame,  at  intake 

Old  fanja    . 

0.17     j 

Do 

Do 

East  Twin  Oeek .. . 
do 

0.16     ' 

1 

0.58 

Do 

'  West  Twin  Creek  . . 
Mill  Creek 

,             0.20 

Auirust24 

.*>.  73 

Do 

do 

Craft<m'   headworks.      This 
water  is  pumped  from  wells 
in  bed  ot  creek  above  Elec- 
tric Co.  power  house. 

Total 

1.45 

Santa  Ana  Biver  . . . 
do 

i 

7.18 

End  of  Green  Spot  pipe  line. . 

Soath  Fork  ditch,  Redlands 
canal,  less  amonntfrom  tun- 
nel  and  Morton  Canyon, 
4.50  second-feet 

Morton  Canyon 

Do 

Do 

1             0.28 
5.71 

Do 

do 

0.11 

Do 

do 

Redlands  tannel  water 

Head  of  Green  Spotpipe  line. 
North  Fork  ditch.  Highlands 

Santa  Ana  canal 

Below  overflow  from  Santa 

Ana  canal. 
Near  Colton 

1.  10 

Do 

do 

0.00 

Do 

do 

4.28 

Do 

do 

1 

'             0.00 

Do 

do 

10.86 

August  80 

do 

0.00 

Do 

do 

Submerged    overflow,    near 

Colton. 
West  Rivenide  ditch 

4.88 

Do 

do 

4.80    ■ 

Do 

do 

Riverside  Water  Co.,  flume 
near  Riverside  Mesa  tunnel. 

At  Gallager  Ford,  just  below 
Rubidoux  Mountain. 

Chinfwe  ditch 

57. 39 

Do 

do 

1 
5.63 

Do 

do 

4.48 

Do 

do 

At  point  300  feet  above  Au- 
bumdale  bridge,  3   miles 
north  of  Corona. 

South  Side  ditch 

50.30 

Do 

do 

2.25 

Do 

do 

North  Side  ditch 

0.59 

do : 

Total  at  Aubumdale 

1  mile  below  Rincon 

1 

53.14    ! 

Do 

65.90 

Do : 

do 

Scully  ditch,  or  Bodieree,  es- 
timated. 

Total  at  gaging  station  . . 

Measured  by  F.  Rolfe 

Santa  Ana  and  Anaheim  divi- 
sion box. 

Bannins  Colony,  statement 
of  C.  D.  Hamilton. 

At  main  road  crossing 

Two  Cippoletti  weirs  at  Bear 
Valley  Irrigation  Co.  head- 
works. 

2.00 

Chino  Creek 

Santa  Ana  River . . . 

Water  Canyon 

Cabazon  ditch 

Whitewater  River. . 

67.90 

August  31 

Do 

August  20 

August  26 

Do 

3.19 
60.60 

3.60 

0.55 
6.31 

OALIFOBNIA. 
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PRECIPITATION  ON  MOUNTAINS  IN  SOUTHERN  CAU- 

PORNIA. 

In  order  to  obtain  precipitation  data  bearing  upon  river  discharge,  a 
number  of  rain  gages  have  been  placed  by  Mr.  J.  B.  Lippincott  at 
various  important  points.  The  results  obtained  at  these  localities  dur- 
ing 1899,  together  with  a  few  figures  from  other  sources,  are  shown 
in  the  following  tables.  The  first  gives  the  location  of  the  rainfall 
station  and  the  name  of  the  observer,  and  the  second  the  depth  of 
rainfall,  in  inches,  for  each  month  of  the  year.  Similar  figures  for  1896 
are  given  on  page  418  of  the  Eighteenth  Annual  Report,  Part  IV,  for 

1897  on  page  639  of  the  Nineteenth  Annual  Report,  Part  IV,  and  for 

1898  on  page  560  of  the  Twentieth  Annual  Report,  Part  IV. 

LocaJHon  of  rcanfaU  ttatioTu  in  southern  California. 


station. 


SiflBon. 


Redbluff 


Sonora 

Second  Garrotte  . 

Crocken 

Yosexnite 

Milo 

Taylor's  ranch... 

Kemville 

Mount  Brecken- 
ridge. 

Tejon  ranch 

Fort  Tejon 

Bear  Valley 

Olenn  ranch 

Frazier  mine 

LaUebre 

Smith's  ranch  . . 

Sneddens 

MutahFlat 

Palmdale  head- 
works. 

Ma^cmil 

Holoomb  Creek., 

Upper  Holoomb. 
Moont  Sister  Elsie 
Deep  Creek 


Observer. 


Southern    Pacific 

R.  R. 
United   States 

Weather  Bureau. 

Dr.  John  Shaw 

J.  P.  Chamberlain  . 
H.R.  Crocker 


Mount  Lowe 

Uttle  Bear  Valley 

FoUows's  camp . . 

Colby's  camp 

Morse's  house 


Squirrel  Inn 
Mill  Creek.. 


Do.... 
Cuyamaca 


Descanso 

Sweetwater  dam 
MiUwood 


R.  T.Bailey 

Geo.  K  Carlton 
Steyen  Barton. 
George  Owens. 


R.  M.  Pogsen 
J.Q.StiU.... 


Philip  Tickert 

Jaa.  M.  Applewhite 

N.Bennett 

J.W.Forbes 

WUliam  Smith.... 

Burt  Snedden 

.....do 

Burt  Cole 


B. L. Hutchings  ... 

Arrowhead  Reser- 
voir Co. 

.....do 

L.T.Rowley 

Arrowhead  Reser- 
voir Co. 

Prof.  Lewis  Swift.. 

Arrowhead  Reser- 
voir Co. 

B.W.  Follows 

D.W.Colby 

Arrowhead  Reser- 
voir Co. 

do 

Redlands  E.  L.  and 
P.  Co. 

do 

San  Diego  Flume 
Co. 

E.  W.Hubbard.... 

G.N.Savage 

Sanger  Lumber  Co. 


County. 


Siskiyou. 
Tehama. 


Tuolumne. 

....do 

.....do 

Mariposa. 

Tulare 

Kern 

do..... 

do.... 


....do 

....do 

....do 

San  Bernardino 

Ventura 

Los  Angeles 

Ventura 

....do 

....do 

Los  Angeles 


.....do 

San  Bernardino 


....do.. 

Los  Angeles 

San  Bernardino 

Los  Angeles 

San  Bernardino 

Los  Angeles . .. . 

.....do 

San  Bexnaidino 


.do 
.do 


do.... 

San  Diego 


do. 

do. 

Fresno. 


Post-office. 


Slsson  ... 
Redbluff. 


Sonora 

Qroveland. 
Sequoia  .... 
Yosemite . . 

Milo 

Weldon 

Isabella 

Bakersfleld 


.....do 

Lebec 

Tehachapi. 

Csjon 

Neenach  .. 
Neenach  .. 
Gorman . . . 
Griffin.. r.. 

do 

Palmdale.. 


Burbank 

San  Bernardino 


.....do 

Monte  Vista.... 
San  Bernardino 

Echo  Mountain. 
San  Bernardino 


Asusa 

Pasadena 

San  Bernardino 


.....do.... 
Redlands. 


do.... 

San  Diego 


Descanso 

National  City. 
Sanger 


Lati- 
tude. 


o     / 
41  27 

40  12 

38  00 
37  49 
37  48 
37  45 
36  15 
86  20 
85  46 
85  25 

85  00 
34  58 


84  50 
84  49 
84  46 
84  44 
84  41 
84  38 
84  25 

84  28 
84  18 

34  18 
84  17 
84  17 

34  15 
84  15 

84  14 


34  12 
84  12 


Longi- 
tude. 


o  / 
122  25 

122  20 

120  16 
120  12 
119  53 
119  85 
118  50 
118  17 
118  25 
118  35 

118  45 
118  53 


117  30 

118  58 
118  40 

118  47 

119  03 
119  08 
118  08 

118  22 
116  68 

116  50 
118  14 

117  05 

118  07 
117  10 

117  49 


117  12 
117  12 


.1, 


82  58  '  115  85 


82  50 
32  48 


116  40 

117  00 


Eleva- 
tion. 


Feet. 
8,555 

824 

1,824 
2,900 
4,468 
4,063 
3,200 
2,640 
2,600 
6,750 

1,460 
3,245 
4,000 
3,112 
3,000 
8,170 


4,900 
4,850 
8,299 

2,820 
5,220 

7,200 
5,021 
5,200 

8,200 
5,150 

1,800 
3,875 
5,860 

5,800 
5,000 

2,915 
4,800 

3,600 
250 
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PredpUalio7i  at  rainfall  stations  in  southern  CaHfomia^  1S99. 


Station. 

Jan. 

5.55 
9.29 
6.99 
6.75 
8.32 

Feb. 

1.08 
0.01 
0.42 
1.00 
1.00 

Mar. 

2.98 

6.22 

14.03 

14.00 

15.89 

Apr. 

May. 
1.32 

2."  is' 

1.00 
0.15 

June. 

July.   Aug. 

0.00   

0.00     0.02 
0.00     0.08 
0.00     0.00 
0.00  1  0.00 
1 

Sept. 

0.00 
0.00 
0.00 
0.00 
0.00 

Oct. 

4.01 
3.02 
6.90 
6.75 
8.10 

Nov. 

Dec. 

5.67 
S.80 
5.38 
6.00 
11.38 

1 
Total.  1 

32.51 

Sifison 

0.23 
0.72 
1.06 
0.60 
1.50 

0.89 
0.94 
2.17 
0.00 
1,65 

10.83 
4.06 
7.02 
6.75 
7.45 

Redbluflf 

Bonora 

SecondGarrotte 

Crocken* 

Yosemitea . 

28.10 

43.75 
55.54 

Milo 

1 

•""•---•/ 

Taylor'8  rant-h . 

Kemville 

Mount  Breck- 

enrldgc 

Tejon  ranch... 

Fort  Tejon 

Bear  Valley  . , . 

O.TB 
0.85 

6.*66 
0.73 

I 

1.95 

1.67 
1.30 
2.57 

0.19 

0.94 
2.10 
0.50 

1.89 

0.28 

0.25 

0.45 

0.00 

0.00 

0.00 

0.78 

1 

4.03 
2.99 

0.82 
0.55 

6.66 
0.25 

0.00 
0.78 

0.00 
0.00 

0.00 
0.00 

0.00 
0.05 

1.31 
LIO 

1.82 
1.71 
3.21 

1.67 
1.40 
1.94 

13.05    ( 
1L90    i 

........1 

Frazier  mine  . . 

0.60 
0.27 
0.00 
0.00 
0.00 
0.00 

0.05 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

.......-( 

LaLiebre 

Smith's  ranch. 

Sneddens 

Mutah  fiat 

Palmdale  head- 
works  

MapicHIll 

Hoicomb  Cree  k 

i.79 
8.2 
2.65 
2. -25 
1.00 

1.60 

0.04 
0.00 
0.00 
0.00 
0.31 

0.15 

2.26 
1.45 
1.50 
2.50 
0.97 

2.07 

0.09 
0.00 
0.60 
0.60 
0.00 

0.14 



6.6i 

0.00 
0.00 
0.00 
0.00 

1.55 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.05 
0.00 
0.00 
0.00 
0.00 

0.07 

1.47 
0.95 
1.50 
2.00 
1.28 

2.25 

0.90 
0.65 
0.47 
1.30 
0.27 

1.07 

0.46 
0.35 
0.27 
2.25 
0.32 

1.20 

7.S7    I 
4.22    , 
6.89 
10.  SO 
4.15 

iai5 
1 

Upper  Hol- 
comh 

!            ! 
i i 

1 

Mount    Sister  , 

Elsie 2.95 

Deep  Creek 

0.12 

3.37 



0.58 



0.06 

0.78 

0.00 

0.00 

0.35 

2.10 

1.S4 

0.41 

12.  OR 

Mount  Lowe  . . 
Glenn  ranch. . . 

3.29 

0.00 

3.40 

6.'26' 

1.90 

0.40 

0.00 

0.00 

0.00 

3.00 

2.85 
0.96 

i.'oo' 

15.01 

Little  Bear  Val- 
ley   

1            ^ 

( 

Follows'scamp 
Colby's  camp.. 
Morse's  house. 
Soulrrel  Inn. . . 

3.59 
2.90 

0.84 
0.25 

2.49 
2.73 

0. 12 
0.17 

0.00 
0.60 

0.91 
0.79 

0.00 
0.00 

6.66 

0.00 

0.12 
0.00 

S.03 
a.  66 

1.64 
1.25 

0.44 
1.26 

13.18 
13.61 

t 

Mill  Creek  . .  ^. 

t 

Mill  Creek  .... 

1 

Cuyamaca 

Descanso 

Sweetwater 
dam 

7.02 
3.49 

2.40 

1.58 
1.69 

0.70 

7.23 
2.73 

0.89 

0.98 
0.25. 

0.23 

'i.46" 
0.11 

2.96 
0.58 

0.04 
0.15 

0.00 

T. 
0.38 

0.00 

0.00 

4.51 

8.45 
0.25 

1.66 

2.49 
1.06 

0.77 

30.21 
11.4-*» 

0.00 

0.41 

7.75 

Millwood 

1 

1 

1 

a  No  record. 

MISCEIiliAJSTEOUS  DISCHARGE  MEASUREMENTS  IN 

NEBRASKA. 

The  following  miBcellaneous  measurements  of  discharge  were  made 
in  Nebraska  during  the  year  1899 : 

Miscellaneous  nieasurements  of  discharge  in  Nebraska  in  1899. 


Stream. 


Where  measured. 


Ash  Creek 

Baker  Creek 

Beaver  Creek 

Bird  wood  Creek . 

Blue  Creek 

Boardman  Creek 


Boggy  Creek. 
Bone  Creek. . 


Calamus  River 

I/O  •■••••••• 

Cedar  Creek  . . . 


At  mouth 

North  line  sec.  19,  T.  31  N.,  R.  13  W. 
At  Hyer's,  sec.  20,  T.  84  N.,R.  46  W. . 

1  mile  above  mouth 

South  line  sec.  18,  T.  17  N.,  R.  42  W. 
At  Buckley's,  sec.  13,  T.  SO^N.,  R.  31 

W. 
West  line  sec.  31,  T.  83  N.,  R.  54  W. . 
At  Stringer's,  sec.  16,  T.  31  N.,  R.  21 

Burwell 

Spc.8.T.24N.,R.19W 

Alx)ve  Bruce'smill,  sec.  38,  T.  24  N., 
R.25W. 


Date. 


May  15 
June  19 
May  22 
May  25 
May  22 
June   3 

May  24 

June  17 

May  17 
Sept.  20 
July    9 


Die- 
charge. 


Sec.-feet. 

0.76 

.35 

8.97 

183.47 

90.12 

16.4 

.05 
12.46 

372. 
152.5 
7.41 


HydiogT&i>h(»>. 


C.  B.  Channel. 

Do. 

Do. 
H.H.Plckena. 

Do. 
C.  B.  Channel. 

A.B.McCoakey. 
C.B.ChamieL 

Glenn  £.^nith. 
C.  B.  Channel. 
Do. 


NEBBASKA. 
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Miacellaneous  mea»urement9  of  diacharge  in  Nebraska  in  1899 — Continued. 


stream. 


Cedar  irrigation 

ditch. 
Cedar  River 

Do 

Chadron  Creek . . 

Do 


Where  measured. 


Ericson. 


Do 

Clear  Creek. 

Do 


C  o  1 1  o  n  w  o  «k1 

Creek. 

Crooked  Creek  . . 

Culbertson  canal 

Dead  HorseCreek 

Do 


Ericaon,  above  dam 

Ericfion,  below  dam 

North  line  sec.  36,  T.  33  N..  R.  49  W . . 
Above  waterworkB  dam,  Hec.  18,  T. 

82N.,R.48W. 

Below  waterworks  dam 

700  yards  below  Barber  &  Marsh 

head  gate,  sec.  82,  T.  16  N.,  R.  41 W. 
At  S<>hlademan'8,  sec.  5,  T.  14  N.,  R. 

84  W. 
Sec.21,T.35N.,R.22W 


Dismal  River 

Dry  Cedar  Creek . 
East  Ash  Creek.. 


Do. 


East  Middle 

Creek. 
Elkhom  River  . . 
Frenchman 
River. 

Do 

Do 

Do 

Do 


At  Mlitz,  sec.  19,  T.  84  N.,  R.  19  W. . . . 

Below  head  gate 

North  line  sec. 81, T.  38  N.,  R.  49  W. . 
At  Slatt«ry'8  ditch,  sec.  82,  T.  38  N., 

R.49W. 

Dunning 

At  mouth,  near  Ericson 

Head  of  Tomlin's  ditch,  sec.  80,  T. 

82N.,R.60  W. 
Head  of  Shelton  ditch,  sec.  33,  T. 

82N.,R.50W. 
Sec.32,T.38N.,R.23W 


Do 

Do 

Do 

Goose  Creek 
Holt  Creek . 


Horse  Creek 

Horsehe«l  Creek 
Indiana  Creek... 
Keya  Paha  River 
Little   Cotton- 
wood Creek. 

Do 

Lodffepole  Creek . 

Do.'!.'!."!.'!!! 

Do 

Do 


O'Neill 

At  Palisade,  below  canal. 


Do 

Long  Pine  Creek. 

Middle  Loup 
River. 

Do 

Do 

Mill  race 

Minichaduza 
River. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Hat  Creek 


Newman  Creek.. 

Niobrara  River . . 
Do 


Wcstlinc8ec.6,T.5N.,R.38  W 

Maranville's,Bec.l2,T.6N.,R.41W. 
Below  head  gate  of  Inman's  ditch . 
At  head  gate  of  Wirsig  ditch,  sec. 

24,T.6N.,R.40W. 

At  Palisade 

At  Culbertson 

At  Waunetii 

Sec.lO,T.22  N.,R.27W 

Head    of    Webster    it    Camahan 

ditch. sec.  19, T. 35  N.,  R.  20  W. 

Nebra.ska-Wyoming  line 

Sec.l6,T.88N.,R.24W 

North. line  sec. 88,  T.  82  N.,  R.  50  W. . 

Se('.24.T.85  N.,R.20W 

West  line  T.  81  N.,  R.  51  W 

Below  mouth  of  Spring  Creek 

3  miles  east  of  Sidney 

4  miles  west  of  Kimball 

1  mile  west  of  Kimball 

f  mile  east  of  Kimball 

\  mile  above  head  G.  Kinney  ditch. 

sec.  33,  T.  16  N.,  R.  66  W. 

Above  Young's  head  gate 

Below  Miller's  mills,  sec.  6,  T.  81 N., 

R.20W. 
Arcadia 


Dunning  . . 

Seneca 

At  Ericson. 
Valentine . 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


Date. 


May  17 


.do., 
.do ... 
.do.., 
.do... 


Above  Coffee's  ditch,  sec.  26,  T.  88 

N..  R.  65  W. 
Head  Newman  ditch,  sec.  17,  T.  83 

N.,  R.  24  W. 
Bourette,  sec.  32,  T.  90  N.,  R.  56  W. . 
Mouth  of  Whistle  Creek 


do  . . . 

May  19 

Doc.  16 

June  12 

June  13 
May  29 
May  17 
do . . . 

Apr.  21 
May  17 
May  15 

Aug.  18 

June  10 

July  8 
May  29 

June  8 
July  8 
July  9 
July  10 

Sept.  16 
....do... 
Sept.  19 
Apr.  27 
June  12 

June  16 
June  9 
Aug.  18 
Jane  13 
May  15 

May  16 
May  15 
Aug.    9 

do... 

Aug.  11 
Aug.  10 


do ... 

June  15 

Apr.  18 

Apr.  21 

Miky  2 

May  17 

Jan.  27 

Feb.  21 
Mar.  16 
Apr.  26 
May  11 
May  26 
June  26 
Aug.  13 
Sept  18 
Sept  26 
May  24 

June    9 

May  27 
May  28 


Dis- 
charge. 


Sec.-feet. 
19.6 

107.4 

113. 
8.71 
2.24 

2.15 

7.84 

3.4 

1.2 

1.23 

43.94 

8.46 

8.96 

884.48 
5. 
8.35 

.38 

.27 

146.77 
53.89 

29.  M 
19.83 
16.62 
20.98 

50.61 
29.92 
62.91 
80.27 
3.58 

11.1 
1.15 

.5 
38.99 

.29 

.85 
10.95 
7.48 
2.41 
2.04 
6.52 

16.57 
90.67 

809.66 

406.28 
225.34 
6.5 
26.2 

45. 
26.7 
82.6 
85. 
64.7 
23. 
19. 
28.6 
26.5 
8.6 

.78 

18.65 
83.04 


Hydrographer. 


Glenn  £.  Smith. 

Do. 
Do. 
C.B.Channel. 
Do. 

Do. 
H.  H.  Pickens. 

C.B.Channel. 

H.  H.  Pickens. 

C.  B.  Channel. 
H.  H.  Pickens. 
C.  B.  Channel. 
Do. 

Do. 
Glenn  E.Smith. 
C.  B.  Channel. 

A.B.McCoskey. 

C.  B.  Channel. 

Do. 
H.  H.  Pickens. 

Do. 
E.  D.  Johnson. 
Do. 
Do. 

A.B.McCoskey. 

Do. 

Do. 
C.B.Channel. 

Do. 

A.  B.  McCoskey. 
C.B.  Channel. 
A.B.McCoskey. 
C.  B.  Channel. 
Do. 

Do. 
H.  H.  Pickens. 
E.  D.  Johnson. 

Do. 

Do. 

Do. 

Do. 
C.  B.  Channel. 

A.  B.  McCoskey. 

Do. 
C.  B.  Channel. 
Glenn  £.  Smith. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
A.  B.  McCoskey. 

C.  B.  Channel. 

Do. 
Do. 
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MimxllaneauB  measurement  of  discharge  in  Nebraska  in  1S99 — Continued. 


Stream. 


Niobnura  River. 
Do 


Do 

Do 

Do 

North  Fork  Elk 
horn  River. 

Do 

Do 

Do 

Do 

North  Loup  River 

Do 

Do 

Do 

North    Platte 
River. 

Do 

Oak  Creek 

Do 


Do... 

Platte  River 

Plum  Creek 

Republi  can 
River. 

Do 


Do. 
Do. 
Do. 
Do. 


SandyCreek 

Shobe  Branch  . . , 
South  Platte 
River. 

Do 

Do , 

Do 

Do 

Do 

Sowbelly  Creek. 
Spring  Creek  — 

Do 


Squaw  Creek . 

Do 

Do 


Do. 


Stinking  water 

River. 
Thompaon  Creek 
Trunk  Butte 

Creek. 

Do 

Turkey  Creek  . . . 
Warbonnet  Creek 

West  Aah  Creek . 

West  Middle 

Creek. 
White  River 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

White  Clay  Creek 

Do 

Wooden   Spring 
Branch. 


Where  measured. 


Manland 

Head  Hatch  &  Croes  ditch,  sec.  25, 

T.29N.,R.fiOW. 
Cook  ranch,  see.  6,  T.  28  N..  R.  66  W. 
Curtis  ranch,  see.  1,T.  28  N.,  R.  66  W . 

6  miles  south  of  Valentine 

Noif61k 


Mav  29 

....do ... 

Aug.  8 
Aug.  16 
Mar.  15 
Feb.  20 

Apr.  27 

May  25 

Aug.  17 

do '  Sept  25 


.do 
.do 
.do 


Date. 


Brownlee 

fiurwell 

Brewster 

Brownlee 

Uewellen  bridge 


Oering 

8  miles  northwest  of  Lincoln 

Below  Eiche's,  8  miles  northwest  of 
Lincoln,  after  heavy  rains. 

Dannebrog 

Central  City  (estimated) 

Sec8S,T.88N.,R.28W 

Above  mouth  of  Fraichman  River. 

Orleans,  below  month  of  Sappa 

Creek. 

Ozfofd 

Above  Frenchman  River 

McOook 

Head   of   irrigation   and  watei^ 

power  canal,  sec  16,  T.  8  N.,  R.  81 

Sec.8,T.81N.,R.16W 

Lambs,sec.82,T.83N.,R.llW 

North  Platte 


....do : 

....do 

....do 

....do 

Sutherland 

North  line  sec.  19.  T.  82  N.,  R.  55  W. . 
Head  Townsend  ditch,  aec  86,  T.  84 

N..R.19W. 
Head  Opperman's  ditch,  sec.  6,  T.  SI 

N.,  R.  20 1^. 
Duncan,  sec  28,  T.  81 N.,  R.  61 W. . . . . 
Stetsons,  sec  18,  T.  81 N.,  R.  61 W  ... . 
Head  proposed  Daniel  A  Stetson 

ditch. 
Head  Cooper  ditch,  sec.  86,  T.  82  N., 

R.62W. 
Above  Palisade 


Sec.4,T.2K.,R.18W 

North  line  sec.  86,  T.  88  N.,  R.  50  W 


Sec.8,T.62N.,R.60W 

Sec80,T.4N.,R.21W 

Brewster's  ranch,  sec.  21,  T.  88  N., 

R  fA  W 

At  Woodwards,  sec  26,  T.  82  N.,  R. 

61 W. 
8ecS2,T.88  N.,R.28  W 


Whitney 

Below  Crawford 

Force's  ranch 

Head  Crawford  ditch 

Below  Crawford 

.....do 

Andrews  siding 

Below  Crawford 

Sec.l8,T.a2N»R.61  W 

Brooks^sec  2,  T.  88  N.,  R.  45  W 
8ec26,T.86  N.,R.29  W 


May  1 
May  16 

Sept  21 
Sept  28 
May  22 

June  14 
May  10 
July    8 

May  19 
Sept  8 
June  10 
May  29 

Sept   6 


do... 

Sept  19 

do... 

, . .  .do . . . 


June  17 
June  20 
Apr.  19 

May  6 
May  22 
June  6 
June  19 
May  23 
Aug.  1 
May  16 

June  15 

May  11 

do... 

....do... 

May  12 

May  29 

Sept  8 
May  17 

Aug.  18 
Sept  6 
May  25 

May  15 

June   2 

May  16 
May  17 
May  19 

...do 

, .  .do . . . . 
May  22 
May  26 
Aug.  19 
May  11 
May  20 
June  18 


Dis- 
charge. 


Sec»-jeeL. 
86.16 

47.94 

13.87 
10.15 

660. 

119. 

122. 

414. 
81.8 
85.2 

869.79 

9S4. 

961.92 

196.84 
15,901.88 

16,104.8 
27.46 
708.26 

6. 
20. 
81.07 
Dry. 

.25 

Dry. 
Dry. 
12.27 
17.5 


a28 
1.66 


866. 

88. 

Dry. 

Dry. 

50. 
1.87 
5.18 

.81 

1.21 
.83 
.79 

.72 

21.00 

8.45 
1.45 

.84 
2.26 
2.50 

.19 

1.48 

10.87 
18.68 

4.41 
16.70 
18.06 
45.89 

4.9S 

16.20 

.72 

6.27 

2.14 


Hydrographer. 


C.  B.  Channel. 
Do. 

A.  B.  McOoakey. 

Do. 
Gleon  E.  Smith. 

Do. 

Do. 

Do. 

Do. 

Do. 
C.  B.  Channel. 
Glenn  E.  Smith. 
C.B.  Channel. 

Do. 
H.  H.  Pickens. 

A.  B.  McOoakey. 
Do. 
Do. 

Glenn  B.  Smith. 

Do. 
C.B.ChanneL 
H.  H.  Piclcens. 

Glenn  B.  Smitli. 

Do. 
A.  B.  McOoskey. 

Do. 
E.D.  Johnson. 


C.B.  Channel. 

Do. 
Glenn  E.  Smith. 

Do. 
Do. 
Do. 
Do. 
H.H.PIckena. 

A.  B.  MeCoskey. 
C.  B.  Channel. 

Do. 

Do. 
Do. 
Do. 

Do. 

H.  H.Pickens. 

B.  D.Johnson. 
C.B.  Channel. 

A.  B.  MeCoskey. 
E.  D.Johnson. 
A.  B.  McOoskey. 

C.B.  Channel. 

Do. 

£.  D.Johnson. 
A.  B.  MeCoskey. 

Do. 

Do. 

Do. 

Do. 
C.B.  Channel. 
A.  B.  McOoakey. 
C.B.GhanneL 

Do. 

Do. 
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RATING  TABIJBS. 

The  following  pages  contain  the  rating  tables  prepared  for  various 
river  stations  described  in  Papers  Nos.  35  to  39,  inclusive.  These 
show  the  relation  which  has  been  found  to  exist  during  the  year  1899 
between  the  height  of  water  on  the  gage  at  each  locality  and  the  dis- 
charge in  cubic  feet  per  second.  These  tables  have  been  prepared 
from  the  measurements  made  during  1899  or  previous  years,  and  are 
used  in  computing  the  daily  flow,  the  I'esults  of  which  are  to  be  given 
in  the  Twenty-first  Annual  Report,  Part  IV.  Taking,  for  example, 
the  first  table.  No.  62,  Delaware  River  at  Lambertville,  New  Jersey,  the 
number  62  refers  to  the  page  upon  which  the  river  station  is  described. 
At  the  end  of  the  description  are  given  the  results  of  discharge  meas- 
urements made  during  1899.  From  these  and  earlier  data  the  relation 
of  gage  height  to  discharge  has  been  deduced  and  is  given  in  the  fol- 
lowing tables.  On  page  63  is  given  the  daily  height  in  feet.  On 
March  1  this  was  6.80.  In  the  following  table  the  flow  equivalent  to 
this  height  is  shown  to  be  33,710  second-feet.  In  the  same  manner  the 
flow  corresponding  to  each  gage  height  in  the  table  has  been  obtained 
and  the  averages  computed,  for  use,  as  above  noted,  in  the  annual  report 
relating  to  the  year  1899. 


OPERATIONS   AT   RIVER   STATIONS,   1899. PART   V. 


Haliwj  Ulhlri-fnT  lUatiM 
[Number  111  box  h 


m  NftB  Jentg,  Penntylvania,  Maryland,  and  Wtat  I'lrffiniti. 
d  retun  (o  page  in  Water-Supply  aad  IrrlgsUoa  l^pcr  No.3.V] 
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Rating  labia  fur  jtforionii  in  Virginin  and  Nnrlk  Carolina. 
\mber  In  box  had  reren  to  page  In  Water-Sappl;  and  Iirlgstlon  Paper  No.  35  or  No 


feel. 

1 

II 

■30 

l|l 

11 

1^ 

g3^ 

is 

III 

1! 

1 

1 

=■5 

lii 

0 

i 

0.6 

i.a 

1 

a.4 

3.6 

Is 

7:5 

10;  0 

II 

i«.a 

]li 
is 

80.0 

Sis 

i 

2»5 

sss 

377 

462 
506 

Ml 

650 
TOO 
760 
800 

eeo 

980 

!ioo 

;2S6 
,306 

;eo5 

30 

DO 
50 
00 
50 
00 

00 
60 

i 

50 
50 

50 

s 

4W 

1 

875 

:;2oo 
:;6oo 

i.m 

i:865 

155 

ISO 

a» 

230 

aso 

KO 
780 

1,120 

11 

2!S30 

Is 

3,790 
1,090 
4,390 

Iz 

J:S 
■!:Z 

ill 

18,930 

3:«o 

».«0 

GSO 
690 

■i 

1 

9,00 

is 

26.630 
».70D 

Sffi 

as 
as 

52,360 

70 

s 

420 
540 
670 

i;5« 
s:n6 

4  376 
i.lK. 
ft,l9B 

11 1« 

Is 

2,600 
2:»70i 

3:530! 

3:9W 
4,090 

li 
II 

7]  420 

II 
il 
11 

15;  MO 

ifCeoo 
l;700 

415 
(;870 

2;680 

3[44a 
3,870 

lis 
la 

8,100 

8,600 

iS 

iilsoo 

12,100 

isioou 

]iS 

22,  «W 

200 
380 

S 

500 
560 
630 
715 
805 
900 

a;  320 

¥m 

31650 

4,m 
5)  100 

is 

6,600 

Tieoo 
8,100 

8,600 
9^600 

its 
la 

13,080 

ils 

i 

il 

2;  102 

2^70 
3;  010 

4^9^ 

0.733 

11 

!;!S 

10,401 

181364 
2S:i59 
33,600 

n-z 

66,000 

"i^eoo' 

2,000 

II 

siuoo 

6,700 
J^BOO 

10;  600 
12;  900 

2oia» 
37I000 

41,000 
45,000 

ss 

57,000 
«5!0D0 

wlooo 

73,000 

«6;ooo 

93,000 

wiooo 
nlooo 

1.500 

li 

i 

b!7«) 

9:630 

12:080 

16: 3W 

ie:o6o 

30.300 
37:800 
«:300 
56:260 

li 

850 

li 
i| 

:o4o 

■2 

8:22.', 

16:600 

ie:550 

24:450 

■A92S 
28:875 

II 
11 

«,67S 
43,060 
46  650 
49:650 







' 



_^  . 
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Ratrng  tahU*  far  Malioru  tn  South  Caralma  and  Georgia, 
(Nomber  In  box  tteti  refen  U>  p*«B  In  WaterSuppIr  BBd  IirlgaOon  Papet  No.  36.] 


h^t   " 


^o3 


III 


i 


It 


Hi.. 


B,680 

e,i60 
B,Ma 


IS,  704 

ia,i72 


a,4S& 


S,S4D 


S,H8  : 
9.47S  ! 
10,864     ! 


8,«a 

4,060 
4.  MO 
4,060 

6,aeo,_,  _ 
6,<ao  n.tw 


0   Zt,MO 


.  i,oea 

.   2,118 

.  2.»e 
xxa 

3,M4 

l,7t(l 
2.W 

s,om 

■.»! 
3,400 

'     S,9«0 

'     1,720 

3,8» 


5.78* 
6,016 
6,344 
6.471 
6,700   . 


WD 
3.400 

S.KD 

1,640 

.   S.T60 


8,410  . 

8,no  . 

>,uo  . 

10.130  . 


6,S60 


M.HO  II 


..B3.KI0   . 


BATING   TABLES   FOE   STATIONS    IN   TABI0U9   STATES.        4 

Rating  labia  Jot  itatioTU  in  Georgia,  Alabama,  Maryland,  and  Wat  Virginia. 
[Number  Id  boi  heUI  lefen  to  p»te  In  Water-Sapplr  uiil  lirlgmllan  paper  No.  36.) 
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Baling  UMa  far  ilationt  in  Morth  Carolina,  Geirrgia,  Tamatee,  Ohio,  and  Motilana. 
[Number  in  box  h«d  rerenlo  |wce  In  Water-eapplruMl  Itrigalloii  Paper  No.  Sfl  or  No.  37] , 
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RATING   TABLES   FOR   STATIONS    IN   VABIODS   STATES. 

Bating  laUe"  for  riatimiK  tn  Montana,  Wyirniing,  A'ebratta,  imd  G>lonido. 
INamber  in  box  head  refcn  in  page  In  WateT'Sopply  ■□<!  Irrigation  Psp«rNo.ST,] 
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Rating  iahleB/or  $taiion$  in  Colorado  and  Ndfraska, 
[Number  In  box  head  i^eis  to  page  in  Water-Supply  and  Irrigation  Paper  No.  87.] 


Gage 

height 

in 

feet. 

Discharge  in  seoond-feet 

224.  Soutlf  Platte 
River  at  Platte  Can- 
yon, Colorado. 

225.  South  Platte 
River   at    Denver, 
Colorado. 

226.  South  Platte 
River  at  Orchard, 
Colorado,    Jan.    1 
to  Mar.  18. 

226.  South  Platte 
River  at  Orchard, 
Colorado,   Mar.  19 
to  Dec.  81. 

227.  Bear    Creek    at 
Morrison,  Colorado. 

228.  Clear   Creek  at 
Forksereek,    Colo- 
rado. 

229.  South  Boulder 
Creek  at  Marshall, 
Colorado. 

281.  Boulder  Creek 
at   Boulder,   Colo- 
rado. 

282.  St.  Vraln  Creek 
at  Lyons,  Colorado. 

288.  Big    Thompson 
Creek   at   Arkins, 
Colorado. 

287.   North    Loup 
River  at  St.  Paul, 
Nebraska,  b 

288.   Middle   Loup 
River  at  St.  Paul. 
Nebraslca.  b 
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a  Continued:  Oage  height  -0.1,  dischaige  104;  gage  height  ^.2,  disehaige  87;  gage  height  —0.3, 
discharge  75;  gage  height  -0.4,  discharge  64;  gage  height  — OA  discbarge  66;  gage  h<dght  —0.6, 
discharge  48;  gage  height  —0.7,  discharge  41;  gage  height  -0.8,  discharge  85;  aage  height  — ao,  discfaAxse 
80;  gage  height  —1.0. discharge 26:  gage  height  -1.1, discharge  22;  gage  hdqifht  —  IJLdlacbaLrge  18. 

^  These  rating  tables  were  applied  by  the  indirect  method  descdoed  on  pages  828  et  aeq.  of  the 
Nineteenth  Annual  Report,  Pari  IV. 
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Rating  tablet  /or  tlatum*  in  Colorado  and  KanMU. 
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RATING   TABLES   FOB   STATIONS   IN   VABIO08   STATES. 
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aCoDtlDUed:  Gb^  h^Igbl  ^0.1,  disebaige  105:  gaat  height  —0.2.  dlvharge  80:  gagi!  hclgl 
dlKhuve  80;  gwe  belght  -0.4.  dlwharge  40:  gage  belght  -0.5,  dlBcbarge  SO:  gag«  hulghc  - 
vturge  20:  gage  Eelgbt  -0.7,  dlschaige  10. 


456  OPERATIONS   AT  BIVER  STATIONS,  1899. — ^PABT   V.  {vo.», 

ERRATA  IN  VARIOUS  PUBLICATIONS. 

In  preparing  for  publication  the  results  of  field  work  for  1899  fre- 
quent reference  has  been  made  to  earlier  publications  and  a  number 
of  errors  have  been  discovered.  Some  of  these  are  of  relatively  little 
importance,  but  they  are  noted  in  the  interest  of  accuracy.  The  fol- 
lowing list  gives  corrections  which  can  be  made  in  various  Annual 
Reports  and  in  Water-Supply  and  Irrigation  Papers. 

Water'Supply  and  IrriffCBtUm  Paper  No,  16: 
Page  51,  tenth  line  from  bottom,  for  20  miles  read  11  milee. 
Page  85,  in  table  of  daily  gage  heights,  May  25,  for  7.72  read  4.72. 

Water-Sapply  and  Irrigation  Paper  No.  16: 
Page  190,  in  table  of  daily  gage  heights,  December  23  and  24,  for  2.11  read  2.92. 

Water-Supply  and  Irrigation  Paper  No,  SS: 
Page  62,  third  line  from  top,  for  57  cubic  yards  read  5.7  cubic  yards. 
Page  65,  eleventh  line  from  top,  for  206,000  read  119,000. 
Page  65,  nineteenth  line  from  top,  for  344,998  read  344,908. 

Water'Sapply  and  Irrigation  Paper  No.  S6: 
Page  107,  third  line  from  top,  for  Danville  read  Clarksville. 

Eighteenth  Annual  Report,  Part  IV: 

Page  19,  ninth  line  from  top,  for  Conoloway  Creek,  read  Tonoloway  Creek. 

Page  30,  in  list  of  discharge  measurements,  March  25,  1895,  under  area  of  section, 
for  10,524  read  6,257;  July  10,  1895,  under  area  of  section,  for  4,695  read  4,118;  for 
November  16,  1895,  read  November  6,  1895. 

Page  39,  fifth  line  from  top,  before  Staunton  insert  Natural  Bridge. 

Page  43,  in  list  of  discharge  measurements,  deduct  0.53  from  all  gage  heights  for 
1896. 

Page  45,  in  list  of  dischaiige  measurements,  under  gage  heights,  for  i).07  read 
—0.07;  for  3.43  read  1.37;  for  3.20  read  0.97;  for  4.70  read  2.06;  for  2.00  read  0.04. 

Page  65,  drainage  area  of  Catawba  River  at  Catawba,  North  Carolina,  for  3»492 
read  1,535. 

Page  113,  last  three  lines,  the  description  of  the  bench  marks  refers  to  the  Alder- 
son,  West  Virginia,  station,  and  not  to  the  Fayette,  West  Virginia,  station. 

Page  119,  twenty-eighth  line  from  top,  for  Como  read  Cowee. 

Page  221,  in  rating  table  for  Kansas  River  for  1895,  opposite  gage  height  2.60,  for 
9,440  read  9,340. 

Page  283,  at  top  of  page,  drainage  area  of  Piedra  River,  for  650  read  670. 

Page  351,  in  list  of  dischaige  measurements,  under  gage  height,  oppoate  Augo^ 
7,  1896,  for  1.45  read  1.92. 

Page  368,  shift  all  figures  at  bottom  of  diagram  one  space  to  the  left 

Nineteenth  Annual  Reporty  Pari  IV: 

Page  319,  middle  of  page,  drainage  area  of  Boulder  Creek,  for  102  read  179. 

Page  333,  last  line  of  text,  for  Middle  Loup  River  read  Loup  River. 

Page  349,  in  footnote,  for  1896  read  1895. 

Page  514,  fig.  184,  the  February  fiood  should  reach  to  13,200. 

Page  515,  in  table  of  estimated  monthly  discharge  of  San  Joaquin  River,  the  mini- 
mum for  December  (60)  should  read  535,  and  the  minimum  for  the  year  shookl 
read  105  instead  of  60. 
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Page  165,  the  figaree  on  the  left  of  the  hydrograph  for  Savannah  River,  except  0, 
should  be  moved  up  one  division.    Insert  5,000  opposite  the  first  division. 

Page  211,  the  figures  on  the  left  of  the  hydrograph  for  Tennessee  River  should  all 
be  multiplied  by  10. 

Page  286,  middle  of  page,  drainage  area  of  Boulder  Creek,  102  square  miles  should 
read  179  square  miles. 

Page  410,  sixteenth  line  from  bottom,  for  402  read  404. 

Page  486,  footnote  refers  to  measurements  in  table  on  ninth  and  second  lines  from 
bottom  only. 


INDEX  TO  PAPERS  NOS.  35  TO  39. 

[The  Water-Supply  and  Irrigation  Papers  are  limited  by  law  to  100  pages  each.  It  was  therefore 
necessary  to  divide  the  report  on  the  operations  at  river  stations  for  1899  into  five  parte. 
Paper  No.  35  contains  pages  1  to  100;  Paper  No.  96,  pages  101  to  198;  Paper  No.  37,  pages  199  to 
296;  Paper  No.  38,  pages  299  to  896;  Paper  No.  39,  pages  897  to  471.] 


A. 


Page. 


Adairsville,  Oa. ,  measnremente  of  springs 

near 148 

Adams,  W.  M.,  aid  by 109 

AiatMLmn^  hydrographlc  work  in 152-157 

Alabama  River,  Ala. ,  measnremente  of.  163-155 
Albany,  Ga.,  hydrographic  work  at .. ..  138-139 
Alderson,  W.  Va.,  hydrographic   work 

at 168-164 

Allardt,  G.  F.,  quoted 379 

Allegheny  River,  measnremente  of —  157-160 

Allen,  Frank  L.,  aid  by 79 

Allen,  H.  W.,  acknowledgmente  to 34 

quoted 34 

Allen,  Kenneth, aid  by... 161 

Allen  wood.  Pa.,  hydrographic  work  at ..  78-79 
Almon,  Ga.,  hydrographic  work  at  —  134-135 

Alston,  S.  C. ,  hydr(^;raphic  work  at 125-126 

American  River,  Cal.,  measnremente  of.  432 
American  Fork  Creek,  Uteh,  measure- 

mentof 340 

Androscofl^n  River,  Me.,  measurements 

of 27-28 

Animas  River,  Colo.,  measnremente  of.  310-311 

rating  teble  for 452 

Anschuts,  F.  H.,work  of 99 

Antietam  Creek,  Md.,  measnremente  of.       86 

rating  toble  for 442 

Applewhite,  James  M.,  aid  by 437 

Arboles,  Colo.,  hydrographic  work  at. .  807-309 
Arcadia,  Nebr.,  stream  measurement  at.     439 

Arizona,  hydrographic  work  in 313-325 

Arkansas  River,  hydrography  of 255-256 

measnremente  of 257-262,263-265 

rating  tebles  for: 

at  Canyon,  Colo 450 

at  Hutchinson,  kans 460 

at  Nepesta,  Colo 460 

at  Pueblo,  Colo 460 

at  Rockyford,  CoTo 460 

at  Salida,  Colo 460 

Arkins,  Colo.,  hydrographic  work  at. . .  233-234 
Arlington,   Nebr.,   hydrographic   work 

at 244-246 

Arnold,  Sydney,  acknowledgmente  to  . . .       10 

work  of 371,373,374,375,378,380,381 

Arrowhead  Reservoir  Co. ,  Cal. ,  aid  by . . .     437 

Arroyo  Seco,  Cal. ,  measnremente  of 410 

Ash  Creek,  Nebr. ,  measurement  of 488 

Asheville,  N.  C,  hydrographic  work  at.  165-166 


Paget 
Atlantic  States,  cost  of    hydrographic 

work  in 14 

Augusta,  Me.,  hydrographic  work  at 28-83 

Austin,  Tex.,  hydrographic  work  at...  274-276 

Azusa,  CaL,  hydrographic  work  near..  410-413 

rainfall  near 438 

B. 

Babb,C.C.,  cited 858 

work  of 85,94,96.97,116, 

121, 140, 163, 164, 166, 209, 277, 288, 289, 
290,291,292,313,314,321,342,367,437 

Baker,  J.  S.,  acknowledgmente  to 10 

work  of 298,338,334,337,338,339,340,341 

Baker  Creek,  Nebr.,  measnremente  of . . .     438 
Bakersfleld,   Cal!,    hydrographic    work 

near 405-407 

rainfall  near 438 

Baldwin,  B.  G.,  aid  by 96 

Baldwinsville,N.Y..  hydrographic  work 

at 23-24, 18a-l«4 

Ballgroand,  Ga.,  stream    measurement 

near 144 

Bannon,  T.  M.,  work  of 849 

Barber,  C.  K,  aid  by 229 

Barkers  Ferry,  Ga.,  stream  measurement 

at 141 

Barnett,8.  M.,aidby 146 

Barton,  Steven,  aid  Dy 487 

Bass,  W.T.,  work  of 187 

Bates,  J.  M.,  aid  by 171 

Battlecreek,  Idaho,  hydrographic  work 

at 18-19,332-334 

Bazin,  M.  H.,  cited 21 

Bear  Creek,  Colo.,  measnremente  of 227-228 

rating  toble  for 448 

Bear  River,  Idaho-Uteh,  measuremente 

of 18-19,38^334,835-336 

rating  tobies  for: 

at  Battlecreek,  Idaho 462 

at  ColUnston,  Utoh 468 

Bear  Valley,  CaL,  rainfall  at 488 

Beaver  Creek,  Nebr.,  measurement  of . . .      488 

Beck,Charles  W.,  aidby 84 

Bennett,  N.,  aid  by 437 

Bennett,  S.  G.,  work  of 419,421 

Bennett,  Thomas  H. ,  acknowledgmente  to     189 

Bett8,H.R.,aid  by 67 

Beveridge,  James  T.,  aid  by 891 

459 
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Biff  Cottonwood  Creek,  Utah,  meamire- 

mentoof 848,8U 

Bighorn  Rirer,  Wya ,  meMmrem^nts  of. .  211 
Biff  Sandy  Creek,  Ala.,  measnrementsof .  168 
Biff  Thompson  Creek,  Colo.,   measnre- 

mentsof...,. 238-284 

ratinff  table  for 448 

Btrdwood  Creek,  Nebr. ,  measorement  of.  486 
Birmingham,  Ala.,  stream  measurement 

near 165 

Bltterroot  RlTer,  Mont.,  measnrements 

of 887-808 

ratinff  Uble  for 454 

Black,  Mrs.  S.  A.,  aid  by 

Black  Fork  of  Oreen  Birer,  Wya,  m< 

nrementsof 287-ftB 

ratinff  table  for 461 

Black  Birer,  N.  T.,  measnrements  of. . .  28-24, 

191-198 
Blackfoot  River,  Mont.,  measurements 

of 882-868 

ratinff  tables  for 464 

Black    Warrior   Birer,    Ala.,  measnre- 
mentsof   188-157 

ratinff  table  for 445 

Blackwell,  W.,  aid  by 288 

Blake,  Utah,  hydroffraphlc  work  at 2B2-298 

Bliss,  Idaho,  hydrographic  work  at 865 

Bloes,B.P.,aidby 69 

Blosser,  A.  F.,  aid  by 161 

Bine  Creek,  Nebr.,  measurement  of 438 

Blae  River,  Ariz.,  measurement  of 815 

Blue  River,  Eaas.,  measuremtots  of...  262-268 

ratinff  table  for 448 

Blaeridffe,  (H.,  hydroffraphlc  work  at.  171-172 
Boardman  Creek,  Nebr. ,  measurement  of.     488 

Boffffy  C*reek ,  Nebr. ,  measurement  ot 438 

Boise,  Idaho,  hydrographic  work  at 868-857 

Boise  River,  Idaho,  measnrements  of..  866-369 

rating  table  for 458 

Boise  Valley,  Idaho,   stream  measure- 

mentsin 368-869 

Bone  Creek,  Nebr. ,  measurement  of 488 

Bonner,  Mont.,  hydrographic  work  at.  882-368 

Bortel,  A.  R.,  aid  by 80 

Boulder,  Colo. ,  hydrographic  work  at 281 

Boulder  Creek,  Colo.,  measurements  of..     281 

rating  table  for 448 

Bourette,  Nebr.,  stream  measurement  at.  489 
Boxelder  Creek,  Utah,  measurement  of..  840 
Bozeman,  Mont. ,  hydrographic  work  at.  196-197 
Brackettvllle,    Tez.,   measurements   of 

springsnear 277 

Brazos  River,  Tex.,  measurements  of..  272-278 

Brellahan,  M.  W.,  aid  by 166 

Brewster,  Nebr.,8treammeasurementat.  440 
Bridgeport,  N.  T.,  hydrographic  work 

at 28-24,184-186 

Bridger  Creek,  Mont,  measurement  of..     198 

Brlttain.M.  L.,  aid  by 169 

Broad  River  (of  Carolinas)  measurements 

of 12^126 

rating  tables  for: 

atGaffney,S.C 444 

at  Alston,  8.  C 444 


Broad  River  (of  Gtoorgia)  measurements 

of 131-13S 

rating  table  for 444 

Brooks,  Nebr.,  stream  measurement  at . .     410 

Brown,  C.  N.,  aid  by 175.178 

Brown,  Daniel,  work  of 45 

Brownlee,  Nebr.,  stream  measurements 

»t 440 

Bnmeau  River,  Idaho,  measurements  of.     3S6 

rating  table  for. 453 

Bryaon,  N.  a,  hydrographic  work  at ..  167-166 
Buchanan.  Va.,  hydrographic  work  at ...  97-96 
Buckley,  Wash.,  hydrographic  work  at .  381-368 
BuiEalo,  N.  T.,  hydrographic  work  at..  181-183 
Buitalo,  Wya,  hydrographic  work  at..  21S-S13 

Burbank,  CaL,  rainfall  near 438 

Bnrwell,  Nebr.,  stream  measurements 

»t 438,410 

Buttes,  Ari&,  hydrographic  work  at. ..  316-319 


C. 


Cache  la  Poodre  River,  Cola,  measure- 
ments of 

Gajon,  CaL,  rainfall  near 436 

Calamus  River,  Nebr.,measurementof.  237,438 
Calaveras  River,  CaL,  measurement  of . .     43S 

Caldwell,  Hugh  W.,  aid  by « 

Calhoun,  Ga.,  measurement  of  spring 

near 143 

Calhoun  FaOs,  S.  C,  hydrography  at ..  129-130 

California,  cost  of  hydrographic  work  in .       15 

evaporation  at  Sweetwater  dam. . .  43(M31 

hydrographic  work  in 387-386, 4aM36 

rainfall  in 380,431,437-438 

Galowa  River,  Wash. ,  measurements  of .     3M 

rating  table  for 455 

Oamden,  8.  C,  stream  measurements  at.  128 
Camp  darke,  Nebr.,  hydrographic  work 

at SIB-SSO 

Panada,  hydrographic  work  in 19S-194 

Canadian  River,  Okla.,  measurements  of 

North  Fork  of a86-2?9 

Canton,  Ga.,  hydrographic  work  at.  IB,  143-144 
Canyon,  Colo.,  hydrographic  work  at. .  258-299 
Cape  Fear  River,  N.  C,  measurements 

of 115-116 

rating  table  for 443 

CarUlon,  Canada,  stream  measurement 

at 19* 

Carleton,  G.  B.,  aid  by 224,437 

Carlton,  Ga.,  hydrographic  work  at .. .  ISl-lS 

Carpenter.  L.  G.,  work  of 295 

Carr,  B.  A.,  aid  by SB 

Carter,  Thomas  3.,  aid  by 210 

Carters,  Ga.,  hydrographic  work  at 144-146 

Carters  Station,  Gkk,  stream  measure- 
ment near  115 

OartersvUle,  Va.,  hydrographic  work  at.  98-89 

Cary,  Ga.,  stream  measurement  at IS 

Cash,  Ga.,  measurements  of  spring  near.  147 
Catawba,    N.    C,    hydrographic    work 

at 120-121,12! 

Catawba  River,  measurements  of..  190-128, 155 
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Catawba  River,  rating  tables  for: 

at  Catawba,  N.  C 443 

at  Rockhlll,  S.  C U4 

Cayadutta  Creek,  N.  Y.,  measurements 

of 29-24,5*^ 

Cedar  Creek,  Nebr . ,  measurement  of 4S6 

Cedar  Biyer,  Nebr.,  measurements  of . . .  439 
Cedar  River,  Wash.,  measurements  of.  382-383 
Cenicero,  Colo.,  hydrographic  work  at.  2T9-280 
Central   City,   Nebz.    stream  measure- 

mentat 242,440 

Chadron  Creek,  Nebr.,  measurements  of.      439 

Chamberlain,  J.  P.,  aid  by 487 

Channel,  C.  B.,  work  of 438,439,440 

Charleston,  Tenn.,  hydrographic  work 

at 170-171 

Chasteen,  E.,  aid  by 233 

Chattahoochee  River,  Ga.,  measurements 

of 139-143 

rating  tables  for: 

atOakdale,  Ga 444.445 

at  West  Point,  Ga 445 

Chattanooga,  Tenn.,  hydrographic  work 

at 174-175 

Chauga  Creek,  S.  C. ,  measurement  of 128 

Cheat  River,  W.  Va.,  measurements  of.  100-161 
Cheraw,   S.    C,   stream    measurements 

at 117-118 

Cherry  Creek,  Mont.,  measurements  of..  205 
Chestatee  River,  Ga.,  measurements  of. .  141 
Chino  Creek,  Cal.,  measurements  of...  427,436 
Chittenango  Creek,  N.  Y.,  measurements 

of 23-34,184-185 

City  Creek,  Cal. ,  measuremen  ts  of 423, 

421,425,435.436 
Clallam  River,  Wash.,  measurement  of..      885 

Clapp,  W.  B.,  work  of 410 

Clarion  River,  Pa. ,  measurements  of 158 

Clark,  W.  B.,  acknowledgments  to 10 

Clarksville,  Va.,  stream  measurements 

at 108 

Clear  Creek,  Colo.,  measurements  of...  228-^^ 

rating  table  for 448 

Clear  Creek,  Nebr.,  measurements  of 439 

Clear  Creek,  Wyo.,  measurements  of 212 

rating  table  for 447 

Clinch  River,  Tenn.,  measurement  of 173 

Clin  ton,  Mass. ,  hydrographic  work  at 36 

rainfall  at 36 

Clinton,  Tenn.,  stream  measurement  at.      173 
Cobbosseecontee   River,   Me.,   measure- 
ments of  28-33 

Codman,  John  E.,  work  of 64,74 

Coeur  d'Alene,  Idaho,  hydrographic  work 

at  and  near 360-370 

Colby,  D.W.,  aid  by 437 

Coldwater  Creek,  Cal. ,  measurements  of .      426 

Cole,  Burt,  aid  by 437 

Coleman,  N.  Y.,  hydrographic  work  at.  23-24, 47 
Colima,  Ga.,  measurements  of  springs 

near 147 

Collins,  T.  S.,  work  of 137 

ColUnston,  Utah,  hydrographic  work  at.  18-19, 

835-836 
Colorado,  cost  of  hydrographic  work  in. .       14 

IRR  39 5 
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Colorado,  hydrographic  work  in 221-237, 

256-284, 277-280. 293-208, 3(6-3.2 
Colorado  River,  measurements  of. .  274, 324-325 
Col  ton,  Cal.,  stream  measurements  near.    485, 

436 
Columbus,  Nebr. ,  hydrographic  work  at .      16, 

240-243 
Columbus,  Ohio,  hydrographic  work  at.  175-177 

Coma,  Mont. ,  hydrographic  work  at 367-368 

Conasauga  River,  Ga..  measurements  of.  147 
Conejos  River,  Colo.,  measurements  of.  278-279 

Connecticut,  hydrographic  work  in 42-44 

Connecticut  River,  measurements  of 41-44 

Coosa  River,  measurements  of 148-152 

rating  tables  for: 

at  Riverside,  Ala 446 

at  Rome,  Ga 445 

Coosawattee  River,  Ga.,  measurements 

of .1  144-146 

rating  table  for 445 

Corona.  Cal.,  stream  measurement  near.  436 
Cosumne  River,  CaL,  measurements  of  .  432 
Cottonwood  Creek,  Nebr.,  measurements 

of 439 

Courchesne,  T.  M.,  work  of 284 

Crawford,  Nebr.,  stream  measurements 

near 440 

Cressy,  S.  W.,  aid  by 261 

Crocker,  H.  R.,aid  by 437 

Cronk,  E.  D.,  aid  by 48 

Crooked  Creek,  Nebr.,  measurements  of.      439 

Croton  River,  N.  Y. .  hydrography  of 62 

rainfall  in  watershed  of 62 

Cucamonga  Creek,  Cal. ,  measurement  of.  434 
Culbertson,  Nebr.,  stream  measurement 

at 430 

Cumberland,  Md..  stream  measurement 

at 92 

Cunningham, R.N.,  aid  by 126 

Cuppet.J.H.,  aid  by 160 

Currant  Creek,  Utah,  measurement  of. . .  292 
Cuyamaca,  Cal.,  rainfall  at 438 

DadeviUe,   Ala.,   stream   measurements 

near 158 

Dallas,  Tex. ,  hydrographic  work  at 271-272 

Dannebrog,  Nebr.,  stream  measurement 

at 440 

Danville,  Pa. ,  hydrographic  work  at 77-78 

Danville,  Va. ,  stream  measurements  at . .      108 

Davis,  A.  P.,  work  of 86,88,89,167,206,248 

Davis,  T.  8., aid  by 87 

Dead  Horse  Creek,  Nebr.,  measurements 

of 439 

Dean,  James  L.,  work  of 25 

Deep  Creek,  Cal.,  rainfall  on 438 

Deep  River,  N.  C,  measurements  of 113-114 

rating  table  for 443 

Deer  Creek,  Cal. ,  measurement  of 433 

Delaware  River,  measurements  of 62-68 

rating  table  for 442 

Delaware  Water  Gap,  Pa.,  stream  meas- 
urements at > 63 

Del  Norte,  Colo.,  hydrographic  work  at  277-278 
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Del  Rio,  Tex. ,  hydrographic  work  »t 277 

Demopolls,  Ala. ,  strdam  measurements  at  157 
Denver,  Colo.,  hydrographic  work  at. . .  fS&-2St6 

Derr,E.L.,aidby 88 

Descan80,CaI., rainfall  at 438 

Deacbutes  Rirer,   Oreg.,  measurements 

of 877-aT9 

rating  table  for 465 

Dewey,  E.  P.,  work  of 410 

Dlggin,Mr8.J.,aidby 55 

Dillon.  Tbomas,  aid  by 214 

Dils,  N.  S., acknowledgments  to 10 

work  of 350,862.303,854,355,357,858,960 

Dismal  Biver ,  Nebr. ,  measurements  of . . .  439 
District  of  Colambia,  hydrographic  work 

in 94-86 

Dobson,  Adna,  acknowledgments  to 10 

work  of 230,242 

Dolgeville,   N.   Y.,  hydrographic  work 

at 23-24,62 

Dolores,  Cola,  hydrographic  work  at..  805-306 
Dolores  River,  Colo.,  measurements  of  305-806 

rating  table  for 451 

Donovan,  David,  aid  by 88 

Dougall,  W.  B„  work  of 337,338,889 

Dry  Cedar  Creek,  Nebr.,  measurements 

of 488 

Dublin,  Ga.,  hydrographic  work  at ....  133-134 
Duchesne  Biver,   Utah,   measurements 

of 291-282 

Duncan,  Nebr.,  stream  measurement  at.  440 
Dungeness,  Wash.,  hydrographic  work 

at 383-^84 

Dungeness  River,  Wash.,  measurements 

of 383-884 

rating  table  for 455 

Dunging,  Nebr.,  stream  measurement  at  439 
Durango,  Colo.,  hydrographic  work  at 

and  near 810-311 

East  Ash  Creek,  Nebr.,  measurements  of  439 
East  Brady,  Pa.,  stream  measurements 

at 158 

East  Canada  Creek,  N.  T.,  measurements 

of 23-24,62 

East  Chickamauga  Creek,  Tenn.,  meas- 
urement of 174 

East  Middle  Creek,  Nebr.,  measurements 

of 439 

Easton,  Pa. ,  stream  measurements  at 63 

East  Twin  Creek,  Cal.,  measurements 

of 432,436 

Eaton  Canyon  Creek,  Cal.,  measurement 

of 432 

Elkhom    River,   Nebr.,    measurements 

of 24a-245,439 

measurements  of  North  Fork  of...  244,440 
rating  tables  for: 

nt  Arlington,  Nebr 449 

at  Norfolk,  Nebr 449 

Elkin,  D.  R.,  aid  by 125 

Elko,  Nev.,  hydrographic  work  at 320-327 

EUijay,  Ga. ,  stream  measurement  near. .  146 
Elli jay  River,  Ga. ,  measurement  of 145 


Page. 
Ellsworth,  Kans.,   hydrographic    work 

at 251-2S2 

El  Paao  Tex.,  hydrographic  work  at SS3-eM 

Elwha  River,  Wash.,  measurements  of.  384-SS 

rating  table  for 455 

Embudo,  N.  Hex.,  hydrographic  work 

at S80-381 

Emery,  S.  M.,  acknowledgments  to lu 

Emlentou,  Pa.,  stream  measurements  at.     15^ 

Bno  River,  N.  C. ,  measurement  of Ill 

Ericson,  Nebr.,  measurements  of  springs 

near 240 

stream  measurements  at 499 

Erwin,  H.,  aid  by ^B& 

Estep,  M.  L.,  aid  by IcO 

Etowah  River,  Ga. ,  measurements  of l^ 

143-144 

rating  table  for 445 

Eufaula,  Ind.  T.,  hydrographic  work  at.  aoO-STl) 
Ewing,  M.  Cquoted fig 

F. 

Fairmount,   Ga.,  measurements    of 

springs  near 147 

Fall  Creek,  Colo.,  measurement  of 306 

Fallcreek,  Colo.,  hydrographic  work  at  906-3^: 

Parish,  W.  A. ,  acknowledgments  to 10 

work  of 331,333 

Fayette,  W.  Va.,  hydrographic  work  at  164-165 
Fayette ville,  N.  C,  hydrographic  work 

at 115-116 

Fellows,  A.  L.,  acknowledgments  to 10 

work  of 224,  225. 226, 238. 229, 230. 331,  SSL 

283,  266, 257, 258, 250, 290. 261. 393, 

263.  278,279,203,294.295,297,3!^ 

805.  806,  307,  308.309,310.811,313 

Feman  Lake,  Wash.,  measurement  of. . .     SH) 

Fickert,  Philip,  aid  by 437 

Field,  John  E.,  work  of 237.^8 

Fields  Mill  Ferry,  Ga.,  stream  measure- 
ment at  145 

Fillmore,  Cal.,  stream  measurement  near     43S 

Fish  Creek,  N.  T.,  measurements  of 23-34, 

186-1S8 
measurements  of  East  Branch  of  ..  187-lij^ 
measurements  of  West  Branch  of. .  1$6-^C 

Fish  Liake,  Wash. ,  measurement  of  _ 370 

Fites  Ferry,  Ga.,  stream  measurements 

at 147 

Fitz  Gerald,  Desmond,  work  of 15, 37 

Flint  River,  Ga.,  measurements  of 1S&-139 

Florida  River,  Colo. ,  measurements  of . . .      311 

rating  table  for 45B 

Plynn,  B.  H.,  aid  by 175, 176, 179, 180,  ISl 

Follett,  W.  W.,  work  of 283 

Follows,  B.  W.,  aid  by 437 

Folsom,  Cal.,  stream  measurement  near.      43S 
Folsom,  Ga,  measurements  of  springs  at 

and  near 14S 

Forbes,  J.  W.,  aid  by 43: 

Forks,  Wash.,  hydrographic  work  at 386 

Forkscreek,  Colo.,  hydrographic  work 

at 

Fort  Collins,  Colo.,  hydrographic  work 
at 
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Port  Crawford,  Colo.,  hydroirntphic  work 

at 290-297 

Fort  Duchesne,  Utah,  hydrographic  work 

at  and  near 290,291-«« 

Fort  Edward,  N.  Y.,  hydrographic  work 

at 23-24,58 

Fort  Gibson,  Ind.  T.,  hydrographic  work 

at 288 

Fort  Hunter,  N.  T.,  hydrographic  work 

at 23-24,64-55 

Fortier ,  Samuel ,  acknowledgments  to 10 

work  of 196,197,198,205,207,208,211 

Fort  Niobrara,  Nebr . ,  hydrographic  work 

at 17-18,218-214 

Fort  Plain,  N.  Y.,  hydrographic  work  at .  53 
Fort  Stockton,  Tex.,  measurement   of 

springs  near 286 

Port  Tejon,  Cal.,  rainf aJl  at 438 

Foster,  J.  W.,  aid  by 149 

Francis,  J.  B. ,  acknowledgments  to 34 

work  of 19 

Franklin,  Ga.,  stream  measurement  at. . .  141 
Franklin,  Pa. ,  stream  measui'ements  at . .  158 
Frederick,  Md.,  hydrographic  work  at...  93-94 
Frederick,  Pa.,  hydrographic  work  at...  65-73 
Freepor  t.  Pa. ,  stream  measurements  at . .  158 
Fremont,  Ohio,  hydrographic  work  at  . .      181 

French  Creek,  Pa.,  measurements  of 158 

French  Broad  River,  N.  C,  measure- 
ments of  166-166 

rating  table  for 446 

Frenchman  Biver,  Nebr.,  measurements 

of 439 

Friendsville,  Md.,  stream  measurements 

at 180 

Front  Royal,  Va.,  hydrographic  work  at.  89-90 

Fulton,  N.  Y.,  hydrographic  work  at 23- 

24,188-189 

G. 

Gaffney.  John  W.,  aid  by 124 

Gaffney,  S.  C,  hydrographic  work  at..  123-124 
Gainesville,  Ga.,  stream  measurements 

near 141 

Gallatin   River.    Mont.,    measurements 

of 197-198 

Garoga  Creek,  N.  Y.,  hydrography  of.       53 

measurements  of 23-24 

Garstine,  Herbert,  acknowledgments  to.      421 

Geneva,  Utah,  hydrographic  work  at 841 

Georgia,  hydrograph  ic  work  in 16, 

130-149,171-172,174 
Gering,  Nebr.,  hydrographic  work  at    218- 

219,440 
Gibbon,  Greg.,  hydrographic  work  at..  376-377 
Gila  River,  Ariz.,  measurements  of...  313-814, 

315,316-319 

rating  table  for 452 

Gila  River  Basin,  Ariz.,  stream  measure- 
ments in  315-316 

Gilbert,  G.  K.,  cited 345 

Gilbert,  J.  J.,  aid  by 51 

Glasgow,  Va.,  hydrographic  work  at 95-9t5 

Glen  wood  Springs,  Colo.,  hydrographic 

work  at 293-294 

Glover,  Frank,  aid  by 115 


Page. 
Golconda,  Nev.,  hydrographic  work  at..  320 
Goose  Creek,  Colo.,  measurements  of..  222-223 

rating  table  for 447 

Goose  Creek,  Nebr.,  measurements  of. . .      430 

Gorman,  Cal.,  rainfall  near 438 

Grace,  John  E.,  aid  by 85 

Grenada,  Colo. ,  hydrographic  work  at . . .      284 
Grand    Junction,    Colo.,    hydrographic 

work  at 294-296 

Grand  River,  Colo.,  measurements  of..  293-296 

rating  tables  for 451 

Grand  River,  Ind.  T.,  measurements  of.  268 
Grandview,  Idaho,  hydrographic  work 

at 356 

Granger,  "Wyo.,  hydrographic  work  at. 287-288 

Granite,  Colo. ,  hydrographic  work  at 257 

Graves,  Edwin  D.,  acknowledgments  to.  42 
Great  Salt  Lake,  Utah,  measurements 

of 345-348 

Greenalch,  Wallace,  aid  by 58 

Green  River,  Utah-Wyoming,  measure- 
ments of 286-287,292-298 

measurements  of  Black  Fork  of 287-288 

rating  tables  for: 

at  Blake,  Utah 451 

at  Greenri  ver,  Wyo 451 

rating  table  for  Black  Fork  of 451 

Greenriver,  Wyo.,  hydrographic  work 

at 286-287 

Greenbrier  River,  W.  Va.,  measurements 

of 163-164 

rating  table  for  445 

Griffin,  Cal.,  rainfall  near 438 

Grovant,  Wyo.,  hydrographic  work  at  349-350 

Groveland,  Cal. ,  rainfall  near 438 

Guadalupe  River,  Tex.,  measurements 

of 275-276 

Gunni5K>n  River,   Colo.,   measurements 

of 297-298 

rating  table  for 451 

H. 

Hale,  R.  A. ,  acknowledgments  to 34 

Hall,  B.  M. ,  acknowledgments  to 10 

work  of 129,130,133, 

135, 138, 137. 138. 140, 141, 142,144. 136, 171, 172 

Hall,  Max,  work  of 128,129,131,132, 

142, 145. 146, 147, 148. 149, 153, 171, 172, 173, 174 

Hall, O. P.,  work  of 145,147 

Hammang,S.P..aid  by 245 

Hancock,  W.  J., aid  by 163 

Harden, Franks., aid  by 187 

Harper,  J.  E.,  aid  by 170 

Harrisbu rg.  Pa. ,  hydrographic  work  at . .  80-81 
Harroun ,  P.  E. ,  acknowledgments  to 10 

work  of 280,282 

Hartford,  Conn., hydrographic  work  at . .  42-44 
HaskelUE.E.,  quoted 178 

work  of 181-182 

Hat  Creek,  Nebr. ,  measurements  of 430 

Haupt.L.M., acknowledgments  to 62 

workof 68 

Havre,  Mont. ,  hydrographic  work  at . . .  200-210 
Haw  River,  N.  C. ,  measurements  of 1 1^113 

rating  table  for 443 

Hayden  Lake,  Wash. ,  measurements  of . .      870 
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Hazel  Cr«ek,  Ga. ,  measnrements  of 141 

Hozen,  Allen,  cited 24 

Hem8treet,0.,aidby 76 

Bering,  Rndolph,  work  of 64 

Hemdon ,  CaL ,  hydrographic  work  at 986- 

996,438 

Hickman, O.H., aid  by 92 

H111,'W.R., acknowledgments  to 62 

Hlnds,Frank  A.,aidby 191 

Hinton,W.Va..  stream  measurements  at.      164 
HiwasfleeRiver,N.C.,  measurements  of.  109-171 

rating  table  for 446 

Hobble  Creek,  Utah,  measurement  of 840 

Hoffman,  William,  aid  by 51 

Holcomb  Creek,  Cal..  rainfall  on 438 

HoUingsworth,  Snmner ,  work  of 25 

Holmes,  J.  A. ,  acknowledgmentn  to 10 

Holt  Creek ,  Nebr. ,  measu  remeu ts  of 439 

Hoi  yoke,  Mass. ,  hydrographic  work  at . . .  40-42 

Hood  River,  Ore^. ,  measurements  of 380 

rating  table  for 455 

Hooper,  Wash., hydrographic  work  at .  360-361 
Horsehead  Creek,  Nebr.,  measurements 

of 439 

Horton,  Robert  E.,aid  by 192 

cited 67,58 

work  of 57 

Hubbard.  E.W., aid  by 437 

Hudson  River,  N.  Y. ,  measurements  of. . .     23- 

24,58-61 

Hughes,  Robert,  aid  by 48 

Humboldt  River,   Nev.,  measurements 

of., 325-330 

measurements  of  North  Fork  of . . .  325-326 

measurements  of  South  Fork  of 327-328 

rating  tables  for: 

at  Elko,  Nev 462 

at  Qolconda,  Nev 452  ' 

at  Oreana,  Nev 452  i 

rating  table  for  North  Fork  of 452 

rating  table  for  South  Fork  of 452 

Humphreys,  D.  C, acknowledgments  to. .       10 

work  of 87,96,07,99,107,162,163,164,165 

Hutchings.B.L.,  aid  by 437 

Hu  tchinson,  Eans. ,  hydrographic  work  at     265 
Hutton,  William  Rich,  acknowledgments 

to 61 

quoted 92 

work  of 61 

Hyde,  U.  H.,  aid  by 97 

I. 

Idaho,  cost  of  hydrographic  work  in 15 

hydrographic  work  in 18-19, 

332-334, 350-360, 369-370 
Ignacio,  Colo.,  hydrographic  work  at..  309-310 
Indian  Creek,  Wash. ,  measurements  of.  384, 439 
Indian  Territory,  hydrc^rraphic  work  in . .     268, 

289-271 

lola,  Kans. .  hydrographic  work  at 267 

Isaacs,  F.  B.,  work  of 98 

J. 

James,  Walter,  work  of 405 

James  River,  Va. ,  measurements  of 97-99 

rating  table  for f« 
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Janus,  Stephen,  work  of 314 

Jefferson  River,   Mont.,  measurements 

of 906-917 

Jellys  Ferry,  Cal.,  hydrographic  work 

at 387-3S8.438 

Jennings,  C.P.,  work  of 142 

Johnson,  Miss  Brentie, aid  by 89 

Johnson,  Charles,  work  of 371 

Johnson,  E.  D.,work  of 439,440 

Johnson,  Seth,  aid  by 152 

Johnston,  A.  L.,  aid  by 96 

Johnstown,  N.  Y.,  hydrographic  work  at 

and  near 23-24.53-^ 

Jordan  River,  Utah,  measurements  of. .  3I3-3C 
Judson,  N.  C,  hydrographic  work  at..  168-ld9 
Julesburg,  Colo. ,  stream  measurement  at     SS 

Juliette,  Oa. ,  hydrographic  work  at 136 

Junction ,  Kans. ,  hydrographic  work  at.  24S-S49 

Juniata  River,  Pa.,  measurements  of 79-80 

ratingtable  for 44S 

K. 

Kansas,  cost  of  hydrographic  work  in 14 

hydrographic  work  in 248-355, 2B&-3S4 

Kansas  River,  Kans.,  measurements  of.  SS3-2S5 

rating  table  for 449 

Kaweah  River,  CaL ,  measurements  of 433 

Keller,  Charles,  acknowledgments  to 2U8 

Kelsey,  Frank  C,  work  of 343 

Kennebec  River,  Me.,  measurements  of . .  25-36 
Kennerdell,  Pa. ,  stream  measurements  at  158 
Kenwood,  N.  Y.,  hydrographic  work  at  33-24. 188 
Kern  River,  Cal. «  measurements  of .  405-407,433 

Kemville, Cal.,  rainfall  at 436 

Keya  Paha  River,  Nebr. ,  measurements  of     439 

Killinger,  A.  J.,  aid  by 162 

Kimball,  Nebr.,   stream   measurements 

near 430 

Kings  River,  Cal. ,  measurements  of    403-406, 433 

rating  table  for 455 

Kingsburg,  Cal. ,  hydrographic  work  at« . .  ^H 
Kingston,  N.  Y.,  hydrographic  work  near.        61 

Kiona,Wash.,  hydrographic  work  at 375 

Kiskiminitas  River,  Pa.,  measurements  of  158 
Kit  tanning.  Pa. ,  stream  measurements  at  158 
Knox vllle,Tenn.,  hydrographic  work  at.  173-173 

Koebig,A.H.,workof 413 

Kramer, W. v.,  aid  by 94 

Lagrange,  Cal.,  hydrographic  work  at.  .309-386. 

432 
La  Junta,  Colo.,  hydrographic  work  at. . .  2SS 
Lake  Chelan,  Wa*-  h. ,  measurements  of. .  371-3rs 
Lake    Cheesman,    Colo.,    hydrographic 

work  at 232-£4 

Lake  Cochitnate,  Mass. ,  measurements  of       3t^ 

rainfall  at 38 

Lake  Coeur  d*Alene,  Idaho,  measurements 

of 31^-370 

Lake  Creek ,  Colo. ,  measurements  of 256-257 

rating  table  for 44S> 

Lake  Creek,  Utah,  measurement  of S9S 

Lakeside,  Wash. ,  hydrographic  work  at .  371-3:2 

Lake  Superior,  measurements  of 177-1T9 

La  Liebre,  Cal., rainfall  at 438 
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Lamar,  Colo., hydrosrraphic  work  near.  363-264 
Lambertville,  K.  J.,  hydrographic  work 

at 68-63 

Laramie River^Wyo., measnrementsof .  S14-217 
rating  tables  for: 

atUva,Wyo 447 

at  Woods  Landing,  Wyo 447 

Lawrence,    Kans.,   hydrographic   work 

at 254-256 

Lawrence,  Mass.,  hydrographic  work  at.  34-36 

Lea,  S.  Hill,  aid  by 156 

Lecompton,  Kans.,  hydrographic  work 

at 253-254 

Lehigh  River,  Pa. ,  measurements  of 63 

Lehman, GtoorgeM., aid  by 158 

cited 158 

Leona  River,  Tex. ,  hydrography  of 276-277 

Lewis.  Tex. ,  hydrographic  work  at 273 

Liberty,  Kana ,  hydrographic  work  at. .  265^366 
Lincoln,   Nebr.,   stream    measurements 

near 440 

Ling,  C.  W.,  work  of 209 

Lippincott,  J.  B.,  acknowledgments  to. . .       10 

cited 313,317,380 

work  of 388, 

891, 393, 306, 403, 406, 400, 410. 410, 427, 437 

Little  River,  Wash.,  measurement  of 384 

Little  B  "»r  Valley,  Cal. ,  rainfall  at 438 

Little  Cottonwood  Creek,  Nebr.,  meas- 
urements of 439 

Little  Cottonwood  Creek,  Utah,  measure- 
ments of 343-344 

Little  Falls,  N.  Y.,  hydrographic  work 

at 23-24,51 

Little  Tejunga  River,  CaL, measurement 

of 434 

Little  Tennessee  River,  N.  C,  measure- 
ments of 168-169 

rating  table  for 446 

Little  Wood  River,  Idaho,  measurements 

of 353 

rating  table  for 453 

Livingston,  Mont.,  hydrographic  work  at 

210-211 
Lockhaven,  Pa.,  hydrographic  work  at. .  78 
Lodgepole  Creek,  Nebr.,  measurements 

of 439 

Logan,  Mont.,  hydrographic  work  at..  197-198 
Logan,  Utah,  hydrographic  work  at...  334-386 
Logan  River,  Utah,  measurements  of..  334-335 

rating  table  for  458 

Logansport,  Pa.,  stream  measurements 

at 158 

Long  Pine  Creek,  Nebr.,  measurements 

of 439 

Long  Swamp  Creek ,  Ga. ,  measurement  of     144 

Lord,  H.  8.,  work  of 368 

Los  Angeles  River,  Cal.,  measurements 

of 40^-410 

Los  Mogotes,  Colo.,  hydrographic  work 

at 278-279 

Los  Pinos   River,  Colo.,  measurements 

of 309^10 

rating  table  for 452 

Loup  River,  Nebr. ,  measurements  of 16-17, 

240-241 
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Loup  River,  Nebr. ,  rating  table  for 440 

Lovell,  Wyo.,  hydrographic  work  at 212 

Lynchburg,  Va.,  hydrographic  work  at.       06 

Lyons,  Colo. ,  hydrographic  work  at 23S 

Lytle  Creek,  C^.,  measurements  of  . .  413-417, 

4^,424,425.434 

M. 

Macon,  Ga.,  hydrographic  work  at 136-187 

Madison,  S.  C,  hydrographic  work  at..  127-128 
Madison  River,  Mont.,  measurements  of  205-206 

rating  table  for 446 

Mahoning,  Pa. ,  stream  measurements  at .  158 
Mahoning  Creek,  Pa. ,  measurements  of. .  158 
Maine,  hydrographic  work  in 25-33 

rainfall  in 27 

Malade  River,  Idaho,  measurements  of.  354-356 

rating  tables  for: 

at  Bliss,  Idaho 463 

atToponis,  Idaho 458 

Manchester,  N.  H. ,  hydrographic  work  at .       34 

Mancos,  Colo. ,  hydrographic  work  at 312 

Mancos  River,  Colo.,  measurements  of 312 

rating  table  for 452 

Manhattan,  Kans.,   hydrographic   work 

at 252-253 

Manning,  Van  H.,  work  of 360,370 

Marbury,  J.  B.,  quoted  136 

Marshall, Colo., hydrographic  work  at .  220-230 
Marsland,  Nebr  ,  stream  measurement  at  440 
Martins    Creek,   Pa,   stream    measure- 

mentsat 62-63 

Maryland,  hydrographic  work  in 81-83, 

86,91-94,159-100 
Massachusetts,  hydrographic  work  in 34-41 

rainfall  in 36,38,39 

Mather,  £., acknowledgments  to 81 

Matthes,G.H.,  cited 312 

work  of 317 

Maumee  River,  Ohio,  measurements  of.  178-179 

McCalla,R.  C.,jr.,workof 156 

McConnellsville,    N.    Y.,    hydrographic 

work  at 23-24,186-187 

McCook,  Nebr.,  stream  measurement  at .      440 

McCo6key.A.B.,work  of.. 438,430,440 

McDonald,  Wash.,   hydrographic    work 

at 3M-SS& 

McDowell,  Ariz., hydrographic  work  at  321-322 

McI/eod,C.H.,  cited 193,194 

McReynold8,0.0.,workof 256 

Mechanicsville,  N.  Y. ,  hydrc^rraphic  work 

at 23-24,58-81 

Menefee,0.,aidby 88 

Merced  River,  Cal. ,  measurements  of 433 

Merrimac  River,  measurements  of 34-36 

Mexico,  Ohio,  hydrographic  work  at 179-180 

Meyer,  Henry,  aid  by 62 

Middle  Creek,  Mont.,  measurements  of.  196-197 

rating  table  for 446 

Middle  Loup  River,  Nebr. ,  measurements 

of 238-240,430 

rating  table  for 446 

Middleville,  N.  Y.,  hydrographic  work 

at 23-24, 4«MS0 

Mill  Creek, Cal.,  measurements  of..  421-422,436 

rainfall  on 438 
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Hill  Creek,  Utah,  measarements  of 848, 845 

Milk  River.  Mont. ,  meaflurements  of . . .  2(X^-210 

rating  tables  for 447 

Mills,  Hiram,  acknowledgments  to 34 

MillvUle,W.Va.,hydrographicworkat..  90-91 

Millwood,  Cal.,  rainfall  at 438 

Milo,  Cal.,  rainfall  at 438 

Milstead.  Ala.,  hydrographic  work  at.  152-153 
Minichaduza    River,    Nebr.,    measure- 

mentsof 213,439 

Minne8t)ta,  hydrographic  work  in 194-196 

Mississippi  River,  measurements  of  ...  194-195 
Miflsonla,  Mont. ,  hydrographic  work  at. .    868- 

367,868-809 
Missoula  River,  measurements  of 364-867 

ratingtable  for 464 

Missouri  River,  measu  remdnts  of 208 

rating  table  for 446 

Mixer,  Charles  A.,  work  of 27 

Mohave  River,  Cal. ,  measurements  of . .  408-409 

rating  table  for 406 

Mohawk,  N.  Y.,  hydrographic  work  near.  23-24 
Mohawk  River,  N.  Y.,  measurements  of . .      28- 

24,  46-46,  51,  55-67 
Mokelumne  River,  Cal. ,  measurement  of.  432 
Moncure,N.  C,  hydrogrraphic  work  at.  112-114 

Mondraffon,  Roman,  aid  by 279 

Monocacy  River,  Md.,  measurement's  of.  93-94 

rating  table  for 442 

Montana,  cost  of  hydri>graphic  work  in . .       14 

hydrographic  work  in 195-198, 

205-211,362-360 
Monterey, Pa.,  stream  measurements  at.  158 
Montgomery,  Ala,,    hydrographic   work 

at 153-154 

Montgomery  Ferry,  Idaho,  hydrographic 

work  at 351-a'j2 

Montreal,    Canada,  hydrographic   work 

at 193-194 

Moore,  M.  A., aid  by 1UJ,113 

Moro.Oreg., hydrographic  work  at 877-378 

Morris,W.A.,aidby 123 

Morrison,  Colo., hydrographic  work  at.  227-238 
Morso  River,  Wash., measurements  of...      384 

Mount  Breckenridge,  Cal . ,  rainfall  at 438 

Mount  Lowe,  Cal.,  rainfall  at 438 

Mount  Sister  Elsie,  Cal. ,  rainfall  at 488 

Murphy,  E.  C,  acknowledgments  to 10 

work  of 253,386,367 

Murphy,  N.  C,  hydrographic  work  at.  169-170 

MutahFlat,  Cal.,  rainfall  at 438 

Mutz,  Nebr.,  stream  measurement  at .. .      439 
Myers,  E.  W.,  acknowledgments  to 10 

work  of 109,110, 

111, 112, 113, 114, 115, 117, 118. 130, 121, 

122, 134, 125. 128, 166, 167. 168, 169, 170 

Mystic  Lake,  Mass.,  measurements  of 39-40 

rainfall  at 39 

Naches  River,  Wash. ,  measurements  of.  372-873 

ratingtable  for 454 

Nagle,C.M.,aidby 81 

Narrows, Cal., hydrographic  work  at ..  409-410 
Nashtia  River,  Mass. ,  hydrography  of 36 
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National  City,  Cal. ,  rainfall  near -08 

Naylor,Charle8H.,aidby 63 

Neal,  N.  C. ,  hydrographic  work  at 1«# 

Nebraska,  cost  of  hydrographic  work  in.       14 

hydrographic  work  in 16-18, 

213-214, 218-221. 237-243 
miscellaneous  stream  meoaarements 

in 438-440 

Nelson,  E.  J., aid  by SO 

Neosho  River,  Kans. ,  measurements  of. . .     %7 

rating  table  for 430 

Nepesta,  Colo., hydrographic  work  at . .  960-361 
Neshaminy  Creek, Pa., measarements  of.  64-<i5 
Nense  River,  N.  C  measurements  of ..  111-112 

rating  table  for 443 

Nevada,  hydrographic  work  in 325-^32 

New  River,  Virginia- West  Virginia,  meas- 

urementsof 161-1<B,  lft4-165 

rating  table  for 445 

New  Braunfels,  Tex., hydrographic  work 

at 275-278 

Newbridge,  Ga.,  stream  measurements  at     141 

Newell,  F.  H. ,  letter  of  transmittal  by 7 

New  Hampshire,  hydrographic  work  in . .       34 

New  Jersey,  hydrographic  work  in (&-& 

Newman, G.O.,  work  of 413 

Newman  Creek,  Nebr. ,  measarements  of .      i.*;? 

New  Mexico,  hydrographic  work  in 280-3Q 

Newport,  Pa.,  hydrographic  work  at 79-^0 

New  York,  hydrographic  work  in 3>-24, 

45-«2,lSl-lftJ 

rainfall  in e; 

New  York   Mills,  N.  Y.,  hydrographic 

work  at S3-24,4»Md 

Niagara  River,  measarements  of 191  -] S3 

Nioewamer,  W.  R.,aidby ?1 

Nichols,  W.B.,  aid  by 118 

Niles,  Kans.,  hydrographic  work  at 249-2^0 

Ninemile  Creek,  N.  Y.,  hydrography  of . . .  46-47 

measurements  of 33-24 

Niobrara  River,  Nebr. .  measurements  of.  1 7- IS 

213-314,439-140 

Noble,  Alfred,  cited ITT 

Noble,  T.  A.,  work  of 3s3 

Norfolk,  Nebr. ,  hydrographic  work  at . . .    3*3- 

S44.440 

North  River,  Va. ,  measurements  of St^7 

North  (of  James)  River,  Va.,  measar<e> 

mentsof J©-«6 

ratingtable  for 443 

North  Anna  River.  Va. ,  measarements  of  SS 
North  Carolina,  hydrographic  work  in . . .    1» »>- 

121,165-170 
North  Loop  River,  Nebr., measarements 

of 237-238.440 

rating  table  for 44^ 

North  Platte,  Nebr.,  hydrograi>hic  work 

at 220^221. 227. 44i> 

North  Platte  River,  measurements  of 217- 

£1,440 
rating  tables  for: 

at  Camp  Clarke,  Nebr 447 

at  Gering,  Nebr 447 

at  North  Platte,  Nebr.  (2) 447 

at  Orin  Janction,  Wyo 447 
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North  Yakima,    Wash.,    hydrographio 

wurkat 8T2-373 

Norwood,  N.  C, hydrographio  work  at.  118-119 

O. 

Oak  Creek,  Nebr . ,  measnreineiits  of 440 

Oakdale,  Cal.,  hydrographio  work  at..  391-982, 

432 
Oakdale,  Ga.,  hydrographio  work  at...  139-142 
Ocmalgee  River,  Ga. ,  measarements  of.  136-137 

rating  table  for 444 

Oconee  River,  Ga.,  measurements  of . .  133-134 

rating  table  for 444 

Octoraro  Creek,  Md.,  measurements  of..  81 -S2 

rating  table  for 442 

Ogden,  Utah,  hydrographio  work  at . . .  336-337 
Ogden  River,  Utah,  measarements  of. .  336-337 
Ohio,  hydrographio  work  in ....  175-177,178-181 
Oil  City,  Pa.,  stream  measurements  at. . .  158 
Oklahoma,  Okla.,  hydrographio  work  at  268-269 
Oklahoma  Territory,  hydrographio  work 

in 268-269 

Olentangy   River,  Ohio,   measarements 

of 175-176 

rating  table  for 446 

Oneida  Creek,  N.  T. ,  measarements  of  23-24, 186 
O'Neill,  Nebr. r  stream  measurement  at . .  439 
Oostanaula  River,  Ga.,  measurements  of    146- 

147 

rating  table  for 445 

Orchard,  Colo.,  hydrographio  work  at.  226-227 

Oreana,  Ne v. ,  hydrographio  work  at 330 

Oregon,  hyd rographic  work  in 87ft-380 

Orin  Junction,  Wyo.,  hydrographio  work 

at 217-218 

Oriskany,  N.  Y.,  hydrographio  work  at.  23-24, 

47-48 
Oriskany  Creek,  N.  Y., hydrography  of..  47-48 

measurements  of 23-24 

Orleans,  Nebr. ,  stream  measurement  at  246, 440 

Orwell,  N.  Y.,  hydrography  at 190-191 

Oswego,  N.  Y.,  hydrographic  work  at .  189-190 
Oswego  River,  N.  Y.,  measurements  of.  23-24, 

188-190 
Ottawa  River,  Canada,  measurement  of.  194 
Ouray  School,  Utah,  hydrographic  work 

at 291 

Owen,  W.  L.,  aid  by 116 

Owens,  George,  aid  by 437 

Oxford,  Nebr. ,  stream  measurement  at. .      440 

P. 

Palisade,  Nebr.,   stream  measurements 

at 430,440 

Palmdale,  Cal. ,  rainfall  near 438 

Palmore,  Julien  I.,  aid  by 99 

Palouse    River,   Wash.,    measurements 

of 360-361 

rating  table  for 454 

Parker,  Pa.,  stream  measurements  at...  158 
Parshall,  A.  J. ,  acknowledgments  to 10 

work  of 211,215,216,218,287,288 

Pasadena,  Cal.,  rainfall  near 438 

Patapsco  River,  Md.,  measurements  of..       83 

rating  table  for 442 

Paterson,  Thomas  L.,  quoted 92 


Page. 

Paul,  E.  G.,  work  of 68, 63, 76, 77. 78, 79, 80, 

81,83,84,85,86,87,88,89,91,92,98,94,160,161 
Pauls  Valley,  Ind.  T.,  hydrographic  work 

at 270-271 

Payette,  Idaho,  stream  measurement  at.     859 
Payette  River,  Idaho,  mestsurement  of . .     359 

Pecos,  Tex.,  hydrographic  work  at 285-286 

Pedee  River,  S.  C,  measurements  of..  117-118 

Peko,  Nev.,  hydrographic  work  at 325-8S6 

Pend  Oreille  Lake,  Idaho,  measarefilent 

of 370 

Pennsylvania,  hydrographic  work  in...^.      62, 

64^1,157-139 
Perkiomen  Creek,  Pa.,  measurements  of.  65-73 

Pfeiffer,  Peter  J.,  aid  by 129 

Philadelphia,  Pa.,  hydrographio  work  at 

and  near 74-75 

Pickens,  H.  H.,  work  of 438,439,440 

Piedmont,  W.  Va. ,  hydrographic  work  at .       84 
Piedra  River,  Colo.,  measurements  of. .  308-300 

rating  table  for 452 

Pinelog,  Ga.,  measurements  of  springs 

near 147 

Piru,  Cal.,  stream  measurements  at  and 

near 432,434 

Plru  Creek,  Cal.,  measurements  of 432,434 

Plttman,  Thomas,  aid  by 136 

Pittsburg,  Pa.,  stream  measurements  at.      158 
Platte  Canyon,  Colo.,  hydrographic  work 

at 224-225 

Platte  River,  measurements  of 242-243,440 

rating  table  for 449 

Plum  Creek,  Nebr. ,  measurement  of 440 

Plunge  Creek,  Cal.,  measurement  of...  432,435 
PocateUo,  Idaho,  h  yd  rographic  work  at .  350-351 

Pogson,  R.  M.,  aid  by 437 

Point  Pleasant,  Pa.,  hydrc^raphic  work 

at 62,64 

Point  of  Rocks,  Hd.,  hydrographic  work 

at 91-93 

Point  Rock,  N.  Y.,  hydrographic  work 

at  and  near 24,187-188 

Pollasky,  Cal. ,  stream  measurements  at  396, 433 
Port  Republic,  Va.,  hydrographic  work 

at 86-88 

Porter,  Dwight,  acknowledgments  to 63 

cited 25,27,28 

Porter  Mills,  Ga.,  stream  measurements 

at 141 

Portneuf   River,    Idaho,   measurements 

of 350-551 

rating  table  for 453 

Poeo  Creek,  Cal.,  measurement  of 433 

Post  Falls,  Idaho,  hydrographic  work  at.      370 

Potomac  River,  measurements  of..  84-85,91-98 

measurements  of  North  Branch  of . . .       84 

measurements  of  South  Branch  of. . .       85 

rating  table  for 442 

Power,  S.  P.,  jr.,  aid  by 132 

Prall,  C.  T.,  work  of 289,290,291,292 

Pressey,  H.  A.,  work  of 175,176,179,180,181 

Pressley,  M.  V.,  aid  by 178 

Price,  Utah,  hydrographic  work  near. .  291-282 

Prindell,  L.  M.,  aid  by 174 

Provo,  Utah,  hydrographic  work  at 338-330 

Prove  River,  Utah,  measurements  of..  338-339 
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Provo  River,  Utah,  rating  table  for 463 

Paeblo,  Colo.,  hydrographic  work  at..  269-200 

Purgatory  Riyer ,  Cola ,  meadu  remeo  ta  of     2B3 

rating  Uble  for 450 

Queen  Creek,  Ariz.,  measurementa  of . . .      d20 
Quillayute,  Wash.,  bydrographlc  work 

at 386-387 

R. 

Radford,  y a.,  bydrographlc  work  at..  161-182 

Rafter,  George  W.,  cited 21, 

4o,  47, 48, 61, 63, 57. 58, 183, 185 

Rainfall,  California 390,431,437-438 

Maine 27 

Massachuaotta 36,38,8» 

New  York 62 

Rainfall  stations,  location  of,  in  southern 

California 437 

Rating  tables 408,411,419,441-456 

Rattlesnake  Creek,  Mont.,  measurements 

ot 363-364 

rating  table  for 454 

Red  Creek,  Utah,  measurement  of 292 

Redbank  Creek,  Pa.,  measurements  of..      158 
Redbank  Junction,  Pa.,  stream  measure- 
ments at  158 

RedblufiP,  Cal,  rainfaU  at 438 

Red  bluff,  Mont.,  bydrographlc  work  at. .      2U6 
Red  lands  Electric  Light  and  Power  Com- 
pany, aid  by 437 

Red  Mountain,  Cal.,  bydrographlc  work 

at 403-404,433 

Reed,  C.  A.,  jr.,  aid  by 120 

Reiff,  Charles  P.,  aid  by 181 

Reliance,  Tenn.,  stream  measurements 

at 171 

Republican  River,  measurements  of...  245-2^ 
rating  tables  for: 

at  Junction,  Kans 449 

at  Superior,  Nebr 449 

Resaca,  Qa.,  hydrographio  work  at 146-147 

Retreat,  Pa.,  stream  measurement  at  ...       76 
Rezf ord  Flats,  N.  Y.,  bydrographlc  work 

at. 23-24,67 

Rhead,  J.  L.,  acknowledgments  to 10 

Rial  to,  Cal.,  bydrographlc  work  near  .  415-417 

Richardson,  C,  aid  by Ill 

Rico,  Colo. ,  stream  measurements  at 306 

Ridge  Mills,  N.  Y.,  bydrographlc  work 

at 45-46 

Rincon,  Cal.,  hydrographio  work  at  and 

near 425-428,436 

Rincon  Narrows,  Cal.,  bydrographlc  work 

at 428 

Ringgold,  Ga.,  stream  measurement  at. .      174 
Rio  Grande,  measurements  of..  277-278,27^284 
rating  tables  for: 

atCenicero,  Colo 460 

at  Del  Norte,  Colo 460 

at  Embudo,  N.  Mex 451 

at  Rio  Grande,  N.  Mex 461 

Rio  Grande,  N.  Mex.,  bydrographlc  work 

at 2Sl-kb2 


RiTerside,  Ga.,  hydrographio  work  at  and 

near 149-151 

Riverside  Narrows,  CaL,  hydrographic 

work  at 4S7~4S^ 

River  ton,  Va.,  hydrographic  work  at 88-* 

Roanoke,  Ya.,  hydrographic  work  at..  lOT-109 

Roanoke  River,  measurements  of 107-lflO 

rating  tables  for: 

at  Neal,  N.  C 443 

at  Roanoke,  Va 443 

Rock  Creek,  D.  C,  measurements  of 94-95 

RockhiU,  S.  C,  hydrographic  work  at..  121-133 
Rockyford,   Colo.,  hydrographic    work 

at asi-aos 

Rolfe,  F.,  work  of 425 

Rome,  Ga. ,  hydrographic  work  at 148-149 

Robs,  Charles  P.,  work  of 2»1 

Rowelsburg,  W.  Va.,  hydrographic  work 

at 161 

Rowlandsville,  Md.,  hydrographic  work 

at BI-& 

Rowley,  L.  T.,  aid  by 437 

Rubidoux  Mountain,  Cal.,  stream  meas- 
urement near iSi 

Rumford  Falls,  Me.,  hydrographic  work 

at 27-28 

rainfall  at 27 

Runner,  J.  A.,  work  of S3S,£S3 

Russell,  W.  G.,  acknowledgments  to lU 

workof 248. 

249, 250, 251 ,  252, 253, 265, 266. 257 ,  268, 2t]9, 270 

S. 

Sacramento  River,  CaL,  measurements 

of 387-3iS),43S 

rating  table  for 455 

St.  Lawrence  River,  measurements  of. .  193-194 
St.  Marys  River,  Mich.,  measuremente 

of 177-178 

St.  Paul,  Minn.,  hydrographic  work  at.  194-195 
St.  Paul,  Nebr.,  hydrographic  work  at.  337-^40 
St.  Stephen,  S.  C,  stream  measurements 

at las 

St.  Vrain  Creek,  Colo.,  measurements  of.      tS3S 

rating  table  for 44^ 

Salesville,    Mont.,    hydrographic    work 

at 195-196 

Salida,  Colo.,  hydrographic  work  at 298 

Salina,  Kans.,  hydrographic  work  at...  S50-S31 
Saline  River,  Kans.,  measurements  of.  250-SSl 

rating  table  for 449 

Salisbury,  N.  C. ,  hydrographic  work  at.  116-1 17 

Sallacoa  Creek,  Ga. ,  measurement  of 1 15 

Salmon  River,  N.  Y.,  hydrography  of..  19(V.i9i 

measurements  of 23-24 

Salt  Liike  City,  Utah,  hydrographic  work 

at 34a-345 

Salt  River,  Ariz.,  measurements  of 331-3SS 

Salt  River  Valley,  Ariz.,  stream  measnre- 

mentsin   33S 

Saluda  River,  S.  C,  measurements  of..  136-127 

rating  table  for 444 

San  Antonio  Creek,  Cal.,  measurements 

of..  434 

San  Bernardino,  Cal. ,  rainfall  near 438 
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San    Benmrdino    Valley,    CaL,    hydro- 

Crraphlc  work  In 423-425 

Sanborn,  Km  work  of 423 

San  Carlos,  Ariz.,  hydrographlc  work 

at 813-8U 

San  Diego  Flnme  Company,  aid  by 437 

Sandnsky  River,  measurements  of 179-181 

Sandy  Creek,  Nebr.,  measurements  of . . .  440 
San  Felipe  Creek,  Tex.,  measurements  of.  277 
San  Francisco  River,  Ariz.,    measure- 

mentsof 315 

San  Gktbriel  River,  Cal.,  measurements 

of 410-413,434 

rating  table  for 411 

Sanger  Lumber  Company,  aid  by 437 

San  Joaquin  River,  Cal.,  measurements 

of 395-386,433 

rating  table  for 465 

San  Juan  River,   Colo.,  measurements 

of 307-308 

ratingtable  for 451 

San  Luis  Rey  River,  Cal.,  measurements 

of 428-429 

San  Mateo  Creek,  Cal.,  hydrography  of.  389-380 

rainfall  in  basin  of 390 

San  Marcial,  N.  Mex.,  hydrographlc  work 

at 282-283 

San  Miguel  River,  Colo.,  measurements 

of —  30ft-307 

rating  table  lor 451 

San  Pedro  River,  Ariz. ,  measurements  of.  315 
Santa  Ana  River,  Cal.,  measurements 

of 418-420,423,424,425,427,486.436 

rating  tables  for 419 

Santa  Clara  River,  Cal.,  measurements 

of 433,434 

Santa  Paula,  Cal.,  stream  measurement 

near 434 

Santa  Paula  River,  Cal.,  measurements 

of 434 

San  tee  River,  S.  C,  hydrography  of 126 

Sappington,  Mont.,  hydrographlc  work 

at 206-207 

Sauquoit  Creek,  N.  Y.,  measurements  of,  23-24, 

48-49 
Sault  Ste.  Marie,  Mich. ,  proposed  canal  at.      178 

Savage,  G.  K.,  aid  by 437 

Savage,  N.  H.,  work  of 429 

Savannah  River,  measurements  of 129-131 

rating  tables  for: 

at  Augusta,  Ga 444 

at  Calhoun  Falls,  S.  C 444 

Sawkill  River,  N.  Y. ,  hydrography  of ... .       61 

Sawyer,  R.  C,  aid  by 168 

Schenectady,  N.  Y.,  hydrographlc  work 

at 56-56 

Schoharie  Creek,  N.  Y.,  measurements 

of 23-24,54^56 

Schroon  River,  N.  Y.,  hydrography  of...       68 

measurements  of 23-84 

Schussler,  Herman,  acknowledgments  to.  389 
Schuylkill  River,  Pa. ,  measurements  of . .  74-75 
Scioto  River,  Ohio,  measurements  of . ..  176-177 

rating  table  for 4^6 

Seared  Corn  Creek,  Ga. ,  measurement  of.     146 


Page. 
Selins  Grove,  Pa. ,  hydrographlc  work  at.       78 

Selma,  Ala. ,  hydrographlc  work  at 155 

Selma,  N.  C,  hydrographlc  work  at 111-112 

Seneca,  Kebr.,  stream  measurement  at..     430 
Seneca  River,  N.  Y.,  measurements  of. . .  23-24, 

183-184 

Sequoia,  Cal.,  rainfall  near 438 

Sesi>e,  Cal.,  stream  measurement  near. . .     434 

Sespe  Creek,  Cal.,  measurements  of 432, 434 

Sharp  Mountain  Creek,  Ga.,  measure- 
ment of 144 

Sharpsbnrg,  Md.,  hydrographlc  work  at.       86 

Shaw,  John,  aid  by 437 

Shenandoah  River,  measurements  of 88-91 

measurements  of  North  Branch  of. . .  88-^ 

measurements  of  South  Branch  of...  89-90 

rating  table  for 442 

Sherman,  Charles  W.,  acknowledgments 

to 89 

Shirley,  F.  a,  work  of 350, 

362, 353, 354, 355, 357, 369, 360 
Shobe  Branch,  Kebr. ,  measurement  of. . .     440 

Shook,  E.,  aid  by 53 

Shoshone  Ri  ver ,  Wyo. ,  measnremen  ts  of .     212 

Shuford,  R.  E.,  work  of 166, 167, 168, 170 

Sibley,  H.  D.,  work  of 414 

Sickman,  A.  F.,  acknowledgments  to 40 

Sidney,  Nebr.,  stream  measurement  near     439 

Sisson,  Cal.,  rainfall  at 438 

Sites,  Bessie,  aid  by 232 

Smith,  Fred  D.,  acknowledgments  to 10 

work  of 362,364,365,388 

Smith,  Glenn  E.,  acknowledgments  to...       10 

work  of 213,214,221,227,237,238, 

239, 240, 241, 242, 243, 244, 245, 246, 438. 439, 440 

Smith.  H.  E.,  aid  by 269 

Smith,  J.  C,  aid  by 95 

Smith,  William,  aid  by 437 

Smith  Mills,  S.  C,  stream  measurements 

at 118 

Smoky  Hill  River,  Kans.,  measurements 

of 251-252 

rating  table  for 449 

Snake  River,  Idaho-Wyoming,  measure- 
ments of 349-350,351-852 

rating  table  for 453 

Snedden,  Burt,  aid  by 437 

Snyder,  A.  C,  aid  by 230 

Solduck    River,   Wash.,    measurements 

of 386-887 

rating  table  for 455 

Solomon    River,    Kans.,    measurements 

of 249-260 

rating  table  for 449 

Sonora,CaL, rainfall  at 438 

Soquee  River,  Ga. ,  measurements  of 141 

South  River,  Va. ,  measurements  of 86-88 

South  Carolina,  hydrographlc  work  in.  121-130 
South  Boulder  Creek,  Colo.,   measure- 
ments of  2S9-230 

rating  table  for 448 

South  Broad  River,  Ga. ,  measurements  of     138 
Southern  Pacific  R.  R.  Co.,  acknowledg- 

mentsto 884 

Southland,  W.  J., aid  by 226 
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South  Platte  River,  measuremento  of  —    221- 

282,  2»-«7, 440 
measnrementB  of  Sontb  Fork  of —  228-224 
rating  tables  for: 

at  Denrer.Colo 448 

at  Orchard,  Colo.  (2) 448 

at  Platte  Canyon.  Colo 448 

ratingr  table  for  South  Fork  of 447 

Sowbelly  Creek,  Nebr., measurement  of.     440 

Spanish  Fork,  Utah,  measurement  of 840 

Spirit  Lake,  Wash. ,  measurement  of 370 

Spokane,  Wash. .  hydrographlc  work  at .  870-071 
Spokane  River,   Wash.,   measurements 

of a(»-871 

rating  table  for 464 

Spring  Creek,  Nebr. ,  measurements  of . . .  440 
Springville,  Utah,  stream  measurement 

near 840 

8proule,W.J.,cited 198 

Squaw  Creek,  Nebr. ,  measurements  of . . .  440 
Stanislaus  River,  Cal. ,  measurements  of  .    891- 

382,432 

rating  table  for 455 

Stewart,  Clinton  B. ,  quoted 181-182 

Stinkingwater    River,   Nebr.,  measure- 
ments of 440 

Stltt,J.G.,aid  by 437 

Stitt ville,  N .  Y. ,  hydrographic  work  at . . .     23- 

24,4<M7 

Stout,  James,  jr., aid  by 238 

Stout,  O.  v.  P.,  acknowledgments  to 10 

work  of 214 

Strawberry  Creek .  Utah,  measurement  of     292 

Sudbury  River,  Mass., run-off  of 37 

Superior,  Nebr.,  hydrographic  work  at.  245-248 
Susquehanna  River,  measurements  of...      75- 

79,80-81 
measurements  of  North  Branch  of...  75-78 

measurements  of  West  Branch  of 78-79 

rating  table  for 442 

rating  tables  for  North  Branch  of: 

at  Danville,Pa 442 

at  Wilkesbarre,  Pa 44£ 

rating  table  for  West  Branch  of 442 

Sutherland,  Nebr.,  stream  measurement 

at 440 

Sutter  Creek,  CaL. measurement  of 432 

Suttercreek ,  CaL ,  8tream  measurement  at  432 
Swain, George  F., acknowledgments  to  ..  '  55 
Sweetwater  Creek,  Qa.,  measurements  of  141 
Sweetwater  dam,  Cal.,  evaporation  at.  430-431 

rainfaUat 431,438 

Sweetwater  River,  Cal.,  measurements 

of 429-430 

Swendsen,  George  L.,  acknowledgments 

to 10 

work  of 838,334 

Swift,  L.,  aid  by 437 

T. 

Talking  Rock  Creek,  Ga.,  measurement 

of 146 

Tallaipoosa  River,   Ala.,   measurements 

of 152-153 

rating  table  for 445 

Talluiah  River,  S.  C,  measurements  of..      188 


Paea 

Tar  River,  N.  C,  measurements  of 110 

rating  table  for 443 

Tarboiro%  N.  C. ,  hydrographic  work  at —     110 
Tarentum,  Pa.«  streammeasurementsat.     U8 

Taylor.J.M.,aldby V» 

Taylor,  L.  H. ,  acknowledgments  to 10 

Taylor,  Thomas  U. ,  acknowledgments  to.      10 
work  of 271,242,273.274. 

275,  277,285,325,386,  327.  9BS,  339, 330. 33L  332 
Tejunga  River.  CaL,  measurements  ot ..  434 
Temescal    Creek,    CaL,    measurements 

of 425-495 

Tennessee,  hydrographic  work  in 170- 

171,172-175 

Tennessee  River,  measurements  of 172-175 

rating  table  for 446 

Texas,  hydrographic  work  in..  271-277, 283-3B6 
Thermopolis.  Wyo.,  hydrographic  work 

at 211 

The  Narrows,  Cal.,  hydrographic  work 

at 409-410 

Thompson  Creek,  Nebr.,  measurements 

of 440 

Timm,  Gnstav.aid  by 279 

Toocoa  River,  Ga.,  measurementa  of . . .  171-17^ 

rating  table  for 446 

Tohickon  Creek,  Pa.,  measurements  of. .       61 
Tombigbee   River,  Ala.,  measurements 

of 157 

Toponls,  Idaho,  hydrographic  work  at.  353-354 
Towaliga  River,  Ga.,  measurements  of . .      136 

Towers,  W.  M.,  aid  by 148 

Townsend,  Mont .  hydrographic  work  at.  aOB 
Trinidad.  Cola,  hydrographic  work  at . .  2>>3 
Trinity  River,  Tex. ,  measurements  of . . .  271 
Truckee  River,  Ne  v. ,  measurements  of.  331-33S 
Trunk  Butte  Creek,  Nebr.,  measure- 
ments of 440 

Tuckasegee  River,  N.  C,  measurementa 

of 167-188 

rating  table  for 446 

Tucker,  Oreg.,  hydrographic  work  at at» 

Tugaloo  River,  8.  C, measurements  of.  127- 12S 

rating  table  for 444 

Tule  River,  Cal. ,  measurements  of 433 

Tuolumne   River,    Cal.,  measurements 

of 303-305.433 

rating  table  for 4^ 

Turkey  Creek.  Nebr.,  measurements  of.      44<3 
Tuscaloosa.    Ala.,    hydrographic    work 

at 13*-157 

Twin  Lakes,  Colo.,  hydrographic  work 

at 35<^257 

Twombly,  Alex. H.,  aid  by 35 

U. 

Uinta,  Utah,  hydrogniphic  work  at 337-338 

Uinta  River.  Utah,  measurements  of..  2S8-S^ 

280-S»l 
Umatilla    River,   Greg.,  measurements 

of 378-377 

rating  table  for 434 

Uucompahgre    River,    Colo.,    measure* 

mentsof 20&-297 

rating  table  for 451 

Uneva,  W.  Va.,  hydrographic  work  at.  160-161 
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Union  Gap,  Wash.,  hydrographic  work 

at 373-374 

Upper  HoloombfCaL,  rainfall  at 488 

Utah,  hydrographic  work  in lA-19, 

288-208,334-348 
Utah  County,   Utah,   stream  xneaanre- 

mentain 840-341 

Utah  Lake,  Utah,  measurements  of 839-341 

Uva,  Wyo.,  hydrographic  work  at 216-217 

Uvalde,  Tex.,  hydrographic  work  at...  276-277 

V. 

Valentine,  Nebr.,  hydrographic  work  at 

and  near 213,439,440 

Verde  River,  Ariz. ,  measurements  of  —    382, 

323-324 
Verdigris  River,  Kans.,  measurements 

of 265-286 

rating  table  for 450 

Victor,  CaL,  hydrographic  work  at 408-409 

Virginia,  hydrographic  work  in 86-90, 

95-99,107-100.161-162 

Vista,  Nev.,  hydrographic  work  at 831-332 

Von  Schon,  H.,  cited 178 

W. 

Waco,  Tex.,  hydrographic  work  at 272 

Walker,  Elton  D.,  acknowledgments  to. . .  65, 56 
Wallawalla  River,  Wash.,  measurements 

of 375-376 

Warbonuet  Creek,  Nebr.,  measurements 

of 440 

Ware,  WiUiam  J.,  acknowledgments  to. .       10 

work  of 383,384.385,386,387 

Warm  Creek,  CaL,  measurements  of 423, 

424,425,434-436 
Warmsprings,  CaL,  hydrographic  work 

at 418-420 

Warren,  A.  K.,  aid  by 405 

Warrensburg.  N.Y.,  hydrographic  work 

at 23-24 

Washington,  hydrographic  work  in...  860-361, 

370-376,381-387 
Washita  River,  Ind.  T.,  measurements 

of 270-271 

Wateree  River,  S.  C. ,  measurements  of. . .  123 
Waterloo,  8.  C. ,  hydrographic  work  at . .  126-127 
Watertown,  N.  Y.,  hydrc^raphic  work 

at 23-24,191-193 

Waterville,  Me. ,  hydrographic  work  at. . .  25-26 
Watervllle,  Ohio,  hydrographic  work  at  178-179 
Waune ta,  Nebr. ,  stream  measurement  at .  439 
Weber  River,  Utah,  measurements  of.  337-338 

rating  table  for 453 

Weems,  H.  S. ,  acknowledgments  to 145 

Weiser,  Idaho,  hydrographic  work  at..  359-360 
Weisor  River,  Idaho,  measurements  of.  850-360 

ratingtable  for 454 

Welch,  H.  H.,  aid  by 167 

Weldon.  CaL,  rainfall  near 438 

Weldon,  N.  C. ,  stream  measurements  at.  108 
West  Ash  Creek ,  Nebr.,  measurement  of.  440 
West  Canada  Creek,  N.  Y.,  hydrography 

of 49-50 

measurements  of 23-24,50 
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West  Gallatin  River,  Mont,  measure- 
ments of  195-196 

rating  table  for 446 

West  Middle  Creek,  Nebr.,  measurement 

of 440 

West   Point,   Ga.,   hydrographic    work 

at 141.142-143 

West  Twin  Creek,  CaL,  measurement 

of 432,436 

West  Virginia,  hydrographic  work  in..  84-86, 

90-91,16(^161.163-165 
Wetumpka,  Ala.,  hydrographic  work  at.  152 
White  River,  Nebr.,  measurements  of . . .  440 
White  River.  Wash.,  measurements  of.  381-382 

rating  table  for 455 

White  Clay  Creek,  Nebr.,  measurement 

of 440 

Whiterocks,  Utah,  hydrographic  work 

near 288-290 

Whiterocks  River,  Utah,  measurements 

of 289-290 

Whitewater  River,  Cal.,  measurement  of.     436 
Whitman,    Wash.,    hydrographic   work 

at 375-576 

Whitney,  Nebr. ,  stream  measurement  at .     440 

Wiley,  A.  J.,  aid  by 356 

Wilkesbarre,  Pa.,  hydrographic  work  at.  75-77 

Wilkins,  George  S.,  aid  by 156 

Williams,  Ira  T.,  aid  by 196 

Williams,  R.  H.,  aid  by 110 

Willis,  R.  H.,  work  of 218,220 

Wissahickon  Creek,  Pa . ,  measu  rements  of      74 

Wood  Creek,  N.  Y.,  measurements  of 23-24 

Woodbury,  Ga. ,  stream  measurements  at     138 
Wooden  Spring  Branch,  Nebr.,  measure- 
ments of 440 

Woods    Landing,   Wyo.,    hydrographic 

work  at 214-216 

Woodstock,  Md., hydrographic  work  at. .       83 
Wyoming,  cost  of  hydrographic  work  in .       14 

hydrographic  work  in 211-213, 

214-218. 286-288, 340-350 

Y. 

Yadkin  River,  N.  C,  measurements  of.  116-119 
rating  tables  for' 

at  Norwood,  N.  C 443 

at  Salisbury,  N.  C 443 

Yakima    River,  Wash.,    measurements 

of 373-375 

rating  tables  for. 

atKiona,  Wash 454 

at  Union  Gap,  Wash 454 

Yeates,  W.  S.,  acknowledgments  to 10 

Yellow  River,  Ga.,  measurements  of...  134-135 

rating  table  for 444 

Yellow  Jacket  Creek,  Ga.,  measurement 

of 141 

Yellowstone    River.    Mont.,     measure- 
ments of  210-211 

Yosemlte,CaL,  rainfall  at 438 

Youghiogheny  River,  measurements  of . .     160 

rating  table  for 445 

Youngblood,  J.  M.,  aid  by.  130 

Yuma,  Ariz.,  hydrographic  work  at —  32i-325 
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